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TO THE READING PUBLIC.

Tar patrons of the Family Library are informed that
meagures are now in progress for the incorporation of a
number of valuable worke stvicrly historical in that collec-
tion, which, with those of 'the same cheracter siready con-
tained in it, will form a complete HISTORICAL SERIES,
Beveral of these are now in the course of preparstion by
the lesrned euthors of * The History of Indie,” whose
names alons are s sufficient guersntee for the masterly
performence of their several undertakings. * The History
of the Progresa of Discovery on the Northern Coants of
America,” #The History of France,” and “The History
of Ireland™ are now in press, and will be published as scon’
as the engravings can be finished.

Esch of the historical numbers will be complete in itwelf,
and bs sold separately—and they will all be produced with
the least possible delay, In the mean time, & few works
of great merit, upon subjects of which scme knowledge
cannot but be valuable and almost indispenseble to every
one, will be added to the Library.

The publishers think it scarcely requisite to call the
attention of the publie to the very mederate prics of the
works composing the Family Library, of which the present
volums, containing es it does numerous Jllustrations, is a
fair instance : the same quantity of valuable matter, with
an equal number of engravings, canmot be purchased in
any cther form at less than double the price of this volume.
It is not however upon the ckeapnees, but the meri? of the
work that the publishers msinly depend for the incresse of
patronsge which they solicit and hope to receive.

I For a list of the historical works elready embraced
in the Family Library, the public are referred to the Pub-
fiskers' Catalogue.






Harper's Stereatupe Edition.

LETTERS

oN

NATURAL MAGIC.

ADDREAEED TO

SIR WALTER SCOTT, BART.

e T oa

8y I

SIR DAVID BREWSTER, K.H.
LL.D. F.R.8 V.E.RBE. & &e.

NEW-YORK :

PUBLISHED BY J. & J. HARPER,
NQ. ® CLIFFITREET,

AND S0LD BY TAE MONEFILLEAS GENERALLY TEEOUORQUT
THE UNITED STATES.

1832






CONTENTS.

CHAPTER L

Extent and Interest of the Sub) e ¢ by anclent Gor-
ernmenie (o deceive and enniave their Suhjecn—lnﬂuenee af the Su-
pertaturt] upon ignorunt Minde —Means empioyed by the anclent Ma-

iciana L establish thetr Authoriry-~ Derived I'rom u Knowledgs of 1he
henomena of Nature—From the Influence of narcetic Drugs upen the
Wettmn of Iheir Daluﬂlon«l?rom every Branch of Sitence—Acoustics
Optice-—M. Salvur:e‘aWarknn 1he accult
Scianoe-()bjacs af the tilowing Leterf. s vvvavnrreavrse- Page 18

LETTER II.

Fhe Eve the meat impartant of onr Organs—FPopolar Description of
{t—The Eye¢1s the mast fertile Sourceof menin] 1itusions — Disappear-
ance of Objects when rheir Images Ml upon 1he Base of tha optic
Nerve—Diseppearance of Objects when aeen obliquely—Deceptions
orising frem rlewing Ohlects in a faint Light—Luminoms Figores cre.
ated by Presaure an the Eye wither frem external Causes or from the
Falnews of the Bload- vesaels—Ocular Specird or accidenial Coloura—
Remarkable Efects produced by intonse Light—Infuence of the Tina-
gination in viewng these Specira—Remarkable Illusion produred by
ihis alection of the Eye—Durution of Impreasions of Light an the Eye
«~Th upnn it euggested —Disappearance of
Halves of Ohjecl! or of oae of two Persong—1nsensibility of the Eya
to particalar Colours—Remarkable Optical Hlusion described. ... 19

LETTER ML

Qubjact of epectral [osions—~Recent and inleresting Case of My, A.—
Her firat Nlusion affeeting the Ear—Bpectral Apparition of her His-
brnd—Speciral Apparition of & Cai—Apperition of m nesr and iiring
Relntion in Grave.ciothes seen In A Looking-glass—Other 1usions
affbcting the Exr—3 weire of a decenasd Frienad a{iing in an eaay-chair
—Spectre of 4 Zvach and four Riled wilh Skeletons—Accuracy and
Value of che preceding Cases—S8inte of Health undet which 1bey arcee
—Aypeciral Apparitions are Pictureaonthe Retina—The 1deas of Mem.
ory and lmagination ars nlso Pictures on 1he Reting—General Views
of the Aukyect—Approximate Baplanationof spectral Appariions 43

SN O
SO



10 CONTENTS.

LETTER Iv.

Beisnce geed am mn Inetroment of Imposure—Deceptions writh 1lana
and concave Mirrora practised by the Ancienis—The Magictan'a Mir-
ror— Effecta r [ coneave Mirrora-~Alnal Tmages—Imeges on Binoke—
Combinatian af Mirrara for praducig Pictures frun byving Ohjacta—
"The mysterious Dagger—Ancient Miracles with coneave Musrora—
Meodern Nearamancy with theny, 88 ween by Cellini—Description and
LEffects of the Magic Lantern—Improvementa upen it— Phantasmg-
goric Exhibitsme of Philipsial and olhera— Dr. Young's Arrangement
of Lensen, &r., for the Phantasmagona—linprovements B Tentpd—
Caadinptrical Phantasimagoriz for producing the Pielires from living
Objeets—Method of cuthing o Paris of Uie Frgures—Kircher's myste-
riona Handwrituig ou the Well—1lis hollaw cylindrical ¥uror for
aerigl Tmages—Cylindrical Mirror for reforming distorted Pictures—
Murrora of varable Curvaiure for producing CaTicaturss... ...... 8¢

LETTER V.
Miscetlaneoua Optical Hlusions—Conversion of Cameos [nfo Inta Hom,
or El inos into Depie L #nd the Reverse—Explanation of thig

Clugw of Deceptionn—Singular Efvcts of Tinination wil Lighr ofone
sitngle Cotour—Lampy for producing Honogeusous ¥ellow Light—
Methoda uf ineresang the Effect of this Ealnbition--Metlod of read

the Inseription of Coi in the Dark--Att of deciphiering 1he «faced
Ineerijion of Cotne — Eayldnaton of ihese singulny Effecte—~ Apparent
Motion of the Eyer in Prrirajia—Remarknble Examplesof this—Appa-
rent Moun of the Fearures of B Partrait, when the Eyes nre made 10
Inove—Remarkable Experithent of breutling Light and Darkness 96

LETTER VI

Natvral Phenomena marked with the Marvelions—&necite of the Brocken
feneribed — Analtogons Phenoineita—Acrial Bnectres seen i Cumber-
tand—Fata Murgtia {n the ¥eraits of Mexsinn—Olpects below rhe
Blorizon raised ail rrggnified by Relraciion — Sozalar Exainple apen at
Hamings—Duver Castle seen tirouei she Hill on which i *iands—
Ereet wind inverted Tnages al Aistaml Saps seen 1) the A ir—aunitar Phe-
nomena geele it the Arctic Bogons—Enchanted Coast-- My, Hcoreshy
recugnises Bix Father's Shep by us aeeind luiage—Ininges of Cows seen
in the Atr—Trvertet Duaees of Horses seed in South America — Lateral
Imagen produced by Refmuction— Avnal Speetres by Reflectioip-—Eapla-
NALion of e preceding PUEHOMENR .« o1 v vae s iiis rnsers ieee 18R

LETTER VIl

Tustena depending on \he Ear— Practised by the Ancieuts—Snesking
and Biaging Heads of the Ancienis—Exlobition of the Invigible Girl
deserrbed and explamed—Illusions arising from 1he Milicuwiiy of de
termining the Directwn of Sounda—s:ngular Exzmpie of this 1usion
=Neture of Veirtr loquesm—Exbihitions of sume of the 1most celebraied
Yentnijoguisle—M. St Gilie—Louis Brabanl—M, Alexandre—Cap.
Lyorw's Acconnt of Eskimaus Veulrloquuts «ou .. r.ooeno.onny, Lt

+ .



CONTENTS, It

LETTER YiiL

Mnasical and harmonic Boond d—Power of breaking Glusesy
with che Voice—Munical Sounc-s rrom the Vihrmion of & Celuma of
Arr=Adnd of Anlid Bixdes b —Ringular Figurea
pretuced on Sand lad on it Plates of G And on strelcied
Menbranes —Vihration of fint Rulera sed Cyhnders nf Glase— Produe-
tion of Silence (romn (we Snunds - Production of Darkness from twe
ILighta—Explanzuen of these gingofar Bifacia—Acnuanic A Womeion —
Droz's blewming Sheep—Mallardel's Stnging-binl—Yencanaon's Fluie
Player—ilia Pipe anl Tabor Player—Baron Kempelew's wlking Hn-
gine—Hrat ' i Mr. Willis's B 97

LETTER IX.

Bingular Efectr in Nature depending on SBound—Permenent Charncter
ol Speech—1Intivence of grest Bleveiions on tha Chrracter of Rounds,
and on the Powers of s.wch—l"owur of Bound in throwing down
Buildings—og Killed by Sound dw greably changed under par-
tiewlar Cirrematances—iireal Avdintlity of Sounda during 1ue Night
explained—Sounds degdened in Mediof diffzrent Dennities--lilostrated
in Ihe Crse of 3 Glaas of Champugn, snd in (hat of new-fullen Buow
—~Remzriable Echues—Reverberauons of Thunder—Subrerranean
Nowes—lemarkable one 2t Lhe Solfaterra— BEcho ot the Mena Suspen.
aion Hrwige—Temporary Desfness produced in Diving-beiis—Inaudl-
trluy of warlicnlgr Sonnda to parucular Esre—VYocal Powers of tha
Riatue ol Memooa—Sounds in granite Hochs—Musical Mounigin of
o 1 T 168

LETTER X.

Mechanica! Inventions of the Ancients few in Number—Ancient sad
mmodern Feris of Sirengih—Fesia o Erkebery pantienlarly described—
Geaers! Explanaiion of them—RHeal Fears of Strength perlormed hy
Thomms Topham - Renmarkable Power of Hfiing hedvy Persone when
the Lungs sre inflated—-Retzoni's Festof iring Pyrsmids of Men—
Drecepuion of walking alang the Ceiling in an invened Portron—Preg-
maNic Apparaiuy inthe Foot of the House-ty for enabling it Lo walk in
Oppowition (o Graviy—Deacription of the snaingous Apperaius em-
ploved by the Gecko Lizard 1ar Lhe samo l’urposo—Apparalus uood by
tha Echineis Remors of Sucking-fAsh . - = |

LETTER Xi.

Mechanieni Automate of the Anclenta—Moving Tripeds—Automaln of
Dredelus—Woden Pigeon of Archytas —Automatic Clock o Charle.
magre—Autamala made by Tarrenus for Chartes V.—Camys's nuto-
mauc Osrnage made tor Lotis XIV.—Degeanes’s mechanics! Pescock
—¥aneusonw Duck. which ate and digested ite Food—Du Moulin'a
Awiomnara—itaron Kempelen's Avomalon Cheag-player—Drawing and
Writing Antomata-- Mulardel's ¢ 'onjurer—Benefig Jerived from the
Passion for Adomals—Eapaaples of wonderiel Maehinery for useful
Purposes—Duncan's Tambouring Marhinery-—Weat's Biziae-tarnln
Machinery— Babbage's Caleulating Machivery ... .oocor ot .



13 CONTENTS.

LETTER XT.

Wonders of Ch iuth--Oﬂgin. Progress, st Oblects of Alel o 1. 4
of breathing Fire—Employed by Barchochebua, Bunus, &Ls.—Modem
Meltiod—Ar of Walking upon burning Conle and red-hot Irom, and of
Plunging the Hends in melted Lead and boding Water—8ingular Prop.
erty of bolllng Tar—Workmen plange their Hande in melted Coppor—
Trislaf ardsal by Fire—Aldini'a incombustible Drewses—Examplas of
heir wonderful Power in resisting Flame —Fower of hresthing and an-
duting Air of high Temperawures—Experiments mads by Sir Joseph
Hanke, 8ir Cherles Bingden, and Mr. CHAULFY. .vvarrireivrnnes

LETTER XML

Bpontaneous Combnstion : in the Abscrprion of Alr by powdered Char-
coal, and of Hydrogen by spangy Platinmim—Dobureiner's Lamp—
fp C ton in the Bowels of the Earth—Buming Cliffy

Burning Soll—C ion without Flame— Spontaneots Combaa-
than of Human Heings—Countess Zangeri—Gruce Pett—Naturs] Fine
Temples of the Guehres—Spontaneaus Fires in ihe Caepten Sea-
Eprings of Inflammable Gas near Glusgow—Natural Lighthouse of
Maraceibo—New elastic Fivids in the Cavities of Geme—Chymical
Operation goingon in their Cavities—Explogions produced in them by
Heat—Remarkable Changes of Colour frem chymicel Canses—~Effecia
of the Nitrous Oxide or Parmdise Gas when breathed—Romarkable
Casen dencribad—CoDCIUMION «vmv s rasianin s i




LETTERS

on

NATURAL MAGICG,

ADBEESIZD TO

SIR WALTER SCOTT, Baet.

LETTER 1.
Extent and B of the Subj Aci employed by anctent Gov-
ernmants to deceive and ¥ their Sukyj Tnf! of the Bm.

pernatural opon Ygnorant Minds—Maans cﬁ':ployed by the gnctent Ma-
giclena 1e entablish their Authorily—Derived from 8 Knowledge of ihe
Phencrnene of Nalure-——From Lhe Influencs of nercotic Drugs uped the
Victima of their Deluaion—From every I i A i
— Hydroatatica—Mechenice—Optica— M. Sxiverie's Work on cho ocenit
Belancss—Object of the fhilowing Lattern,

My prir Sin Wartes,

As it was at your suggestion that I underiook to
draw up a popuiar account of those prodigies of the
niaterial world which have received the appella-
tion of Natural Magic, I have availed myself of the
privilege of intreducing it under the shelter of your
name. Although I cannot hops to produce a vol-
ume at all approacking in interest to that which
you have contributed to the Family Library, yet
the popular character of some of the topics which
belong to this branch of Demonology may atone
for the defects of the following Letters; and I shail
deem it no slight honour g‘ they shail be considered
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as forming an appropriate supplement to your valu-
able work.

The subject of Natural Magic is one of great
extent, as well as of deep interest. In its widest
range, it embraces the history of the governments
and the superstitions of ancient times,—of the means
by which they maintained their influence over the
human mind,—of the assistance which they derived
from the arts and the sciences, and from 2 know-
ledge of the powers and phenomena of nature.
When the tyrants of antiquity were unable or un-
willing to found their sovereignty on the affections
and interests of their people, they sought to in-
trench themselves in the strongholds of supernatural
influence, and to rule with the delegated authority
of heaven. The prince, the priest, and the sage
were leagued in a dark conspiracy to deceive and
enslave their species; and man, who refused his
submission to a being like himself, became the obe-
dient slave of a spiritual despotism, and willingly
bound himself in chains when they seemed to have
been forged by the gods.

This system of imposture was greatly favoured
by the ignorance of these early ages. The human
mind is at all times fond of the marvellous, and the
credulity of the individual may be often measured
by his own attachment to the truth. When know-
ledge was the property of only one caste, it was by
no means difficult to employ it in the subjugation
of the great mass of society. An acquaintance
with the motions of the heavenly bodies, and the
variations in the state of the atmosphere, enabled
its possessor to predict astronomical and meteorolo-
gical phenomena with a frequency and an accuracy
which could not fail to invest him with a divine
character. The power of bringing down fire from
the heavens, even at times when the electric influ-
ence was itself in a state of repose, could be re-
garded only as a gift from heaven. The power of

I 2
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rendering the human body insensible to fire was an
irresistible instrument of imposture; and in the
combinations of chymistry, and the influence of
drugs and soporific embrocations on the human
frame, the ancient magicians found their most avail-
able resources.

The secret use which was thus made of scientific
discoveries and of remarkable inventions has no
doubt prevented many of them from reaching the
present times ; but though we are very ill informed
respecting the progress of the ancients in various
departments of the physical sciences, yet we have
sufficient evidence that almost every branch of
knowledge had contributed its wonders to.the ma-
gician’s budget, and we may even obtain some in-
sight into the scientific acquirements of former
ages, by a diligent study of their fables and their
miracles.

The science of Acoustics furnished the ancient
sorcerers with some of their best deceptions. The
imitation of thunder in their subterranean temples
could not fail to indicate the presence of a super-
natural agent. The golden virgins whose ravishing
voices resounded through the temple of Delphos,
—the stone from the river Pactolus, whose trumpet
notes scared the robber from the treasure which it
guarded,—the speaking head which uttered its oracu-
lar responses at Lesbos,—and the vocal statue of
Memnon, which began at the break of day to accost
the rising sun,—were all deceptions derived from
science, and from a diligent observation of the phe-
nomena of nature.

The prineiples of Hydrostatics were equally avail-
able in the work of deception. The marvellous
fountain which Pliny describes in the island of An-
dros as discharging wine for seven days, and water
dyring the rest of the year,—the spring of oil which
broke out in Rome to welcome the return of Augus-
tus from the Sicilian war,—the three empty urns
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which filled themselves with wine at the annual
feast of Bacchus in the city of Elis,—the glass tomb
of Belus which was full of oil, and which, when
once emptied by Xerxes, could not again be filled,—
the weeping statues, and the perpetual lamps of the
ancients,—were all the obvious effects of the equili-
brium and pressure of fluids.

Although we have no direct evidence that the phi-
losophers of antiquity were skilled in Mechanics,
yet there are indications of their knowledge, by no
means equivocal, in the erection of the Egyptian
obelisks, and in the transportation of huge masses
of stone, and their subsequent elevation to great
heights in their temples. The powers which they
employed, and the mechanism by which they ope-
rated, have been studiously concealed, but their ex-
istence may be inferred from results otherwise in-
explicable, and the inference derives additional con-
firmation from the mechanical arrangements which
seemed to have formed a part of their religious im-
postures. 'When, in some of the infamous mysteries
of ancient Rome, the unfortunate vietims were car-
ried off by the gods, there is reason to believe that
they were hurried away by the power of machinery ;
and when Apollonius, conducted by the Indian sages
to the temple of their god, felt the earth rising and
falling beneath his feet like the agitated sea, he
was no doubt placed upon a moving floor capable
of imitating the heavings of the waves. The rapid
descent of those who consulted the oracle in the
cave of Trophonius,—the moving tripods which
Apollonius saw in the Indian temples,—the walk-

ing statues at Antium, and in the Temple of Hiera-

polis,—and the wooden pigeon of Archytas,—are
specimens of the mechanical resources of the an-
cient magic.

But of all the sciences Optics is the most fertile
in marvellous expedients. The power of bringing
the remotest objects within the very grasp of the




GENLRAL OBJECT OF THE WORK. 17

aheerver, and of swelling into gigantic magnitude
the almost invisible bodies of tﬁe material world,
uever fails to inspire with astonishient even those
who understand the means by which these prodigies
are accomplished. The ancients, indeed, were not
acquainted with those combinations of lenses and
mirrors which constitute the telescope and the mi-
croscope, but they must have been familiar with
the property of lenses and mirrors to form erect and
inverted images of objects. There is reason to
think that they employed them to effect the appari.
tion of their gods ; and in some of the descriptions
of the optical displays which hallowed their ancient
temples, we recognise all the transformations of the
modern phantasmagoria.

It would be an interesting pursuit to imbody the
information which history supplies respecting the
fables and incantations of the ancient superstitions,
zid to show how far they can be explained by the
scientific knowledge which then prevailed. This
task has, to a certain extent, been performed by M,
Eusebe Salverte, in a work on the pecult sciences,
which has recently appeared : but notwithstanding
the-ingenuity and learning which it displays, the in.
dividual facts are too scanty to support the specu-
lations of the author, and the descriptions are too
meager to satisfy the curiosity of the reader.®

1n the following Letters I propose to take a wider
range, and to enter into more minute and pepular
details. The principal phenomena of nature, and
the leading combinations of art, which bear the im.
ptess of a supernatural character, will pass under
our review, and our attention will be particularl
cabled to those singular illusions of sense by whic

* Wa mnat eantiok the young reader againgt some of the views given
In M, Salverie's work. In his anxiety W account for every thing mi=
raculoud by vatural connes, te ham mscribed to the stine onpgin some of
tinae events in wacred hiswory wiich Chrstisie papaot bul regard ae
1he poylt of duvine agency, B
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the most perfect organs either cease to Perform
their functions, or perform them faithlessly; and
where the efforts and the creations of the mind
predominate over the direct perceptions of external
nature.

In executing this plan, the task of selection is
rendered extremely difficult, by the superabundance
of materials, as well as from the variety of judg-
ments for which these materials must be prepared.
Modern science may be regarded as one vast miracle,
whether we view it in relation to the Almighty
Being by whom its objects and its laws were
formed, or to the feeble intellect of man, by which
its depths have been sounded, and its mysteries ex-
plored: and if the philosopher who is familiarized
with its wonders, and who has studied them as
necessary results of general laws, never ceases to
admire and adore their Author, how great should
be their effect upon less gifted minds, who must
ever view them in the light of inexplicable prodigies.
—Man has in all ages sought for a sign Eom
heaven, and yet he has been habitually blind to the
millions of wonders with which he is surrounded.
If the following pages should contribute to abate
this deplorable indifference to all that is grand and
sublime in the universe, and if they should inspire
the reader with a portion of that enthusiasm of love
and gratitude which can alone prepare the mind for
its final triumph, the labours of the author will not
have been wholly fruitless.



I e— s

POWER AND STRUCTURE OF THE EYE. 18

LETTER II.

“The Ere the mowt Importsnt of our ns—Popoler Description of
lt—"The Eye is the mom fenile Souree of mental Uluaisna—Disappear.
ance of Ohjecls when heir lmagen #i! upon the Base of the opte
Nereo—Disappentanca af Objects when sesr obliqualy—Decepticsy
wrining from slewlng Objects in a Meint Light—Luminous Figuras cre-
ated by Presaure on the Eye oither from externel Cruses or from lhe
Fylness of ths Blood-vessels—Ucutar Spacttd or accidenial Cotour-—
Ramerkable Effecta produced by Intenas Light—Tnfluence of the lma-
gination tn viewing theae Specira—Remarkable lllusion produced by
thin Affection of the Eye—ILnration of Imgreuions of Light on the
Eye—Th Imp opih it suggested —Dimsppear-
Bfice of Hal¥es of Objecia or of one of two Persona—Insensiblity of
the Bye Lo paril Col R kable Optical ilunion described.

Or all the organs by which we acquire a know-
ledge of external nature the eye is the most remark.
able and the most important. By our other senses
the information we obtain is comparatively limited.
The touch and the taste extend no further than the
surface of our own hodies. The sense of smell is
exercised within a very narrow sphere, and that of
recognising sounds is limited to the distance at which
we hear the bursting of a meteor and the crash of 2
thunderbolt. But the eye enjoys a boundless range
of observation. It takes cognizance, not only of
other worlds belonging to the solar system, but of
other systems of worlds inflnitely removed into the
immensity of space; and whenaided by the telescope,
the invention of human wisdom, it is able to discover
the forms, the phenomena, and the movemeants of
bodies whose distance is as inexpressible in Ianguage
a8 it in inconceivable in thought.

While the human eye has been admired by ordi-
nary obeervers for the beauty of its form, the power
of its movements, and the variety of its expression,
it has excited the wonder of philosophers by the
exqunisite mechanism of its interior, and its singular
adaptation to the variety of purposes which it has
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to serve. The eyeball is nearly globular, and is
about an inch in diameter. It is formed externally
by a tough opaque membrane called the sclerotic
coat, which forms the white of the eye, with the
exception of a small circular portion in front called
the cornea. This portion is perfectly transparent
and so tough in its nature as to afford a powerful re-
sistance to external injury. Immediately within the
cornea, and in contact with it, is the aqueous humour,
a clear fluid, which occupies only a small part of the
front of the eye. Within this humour is the irs, a
circular membrane with a hole in its centre called
the pupil, The colour of the eye resides in this mem-
brane, which has the curious property of contracting
and expanding so as to diminish or enlarge the pupil,
—an effect which human ingenuity has not been able
even to imitate. Behind the iris is suspended the
crystalline lens in a fine transparent capsule or bag
of the same form with itself. It is then succeeded
by the vitreous humour, which resembles the trans- .
parent white of an egg, and fills up the rest of the
eye. Behind the vitreous humour, there is spread
out on the inside of the eyeball a fine delicate mem-
brane, called the reting, which is an expansion of the
optic nerve, entering the back of the eye, and com-
municating with the brain,

A perspective view and horizontal section of the
left eye, shown in the annexed figure, will convey a
popular idea of its structure. 1t is, as it were, a
small camera obscura, by means of which the pic-
tures of external objects are painted on the retina,
and, in a way of which we are ‘ignorant, it conveys
the impression of them to the brain.

This wonderful organ may be considered as the
sentine] which guards the pass between the worlds
of matter and of spirit, and through which all their
communications are interchanged. The optic nerve
is the channel by which the mind peruses the hand-
writing of Nature on the retina, and through which
it transfers to that material tablet its decisions and
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Fig. 1.

its creations. The eye is consequently the principal
seat of the supernatural. When the indications of
the marvellous axe addressed to us through the ear,
the mind may be startled without being deceived,
and reason may eucceed in suggesting some proba-
ble source of the illusion by which we have been
alarmed : but when the eye in solitude sees before
it the forms of life, fresh In their colours and vivid
in their outline ; when distant or departed {tiends are
suddenly presented to its view; when visibie bodies
disappear and reappear without any intelligible cause;
and when it beholds objects, whether real or ima-
ginary, for whose presence no cause can be assigned,
the conviction of supernatural ageney becomes under
ordinary circumstances unavoidable,

Hence it is not only an amusing but a useful oc-
cupation to acquire a knowledge of those causes
which are capable of producing so strange a belief,
whether it anses from the delusions which the mind
practises upon itself, or from the dexterity and sci.
enceof others. 1shall therefore proceed to explain
those illusions which have their origin in the eye,
whether they are general, or only occasionally ex-
hibited in particular persons, and under particular
circumstances.

There are few persons aware that when they look
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with one eye there is some particular object before
them to which they are absolutely blind. If we look
with the right eye this point is always about 15° to
the right of the object which we are viewing, or to
the right of the axis of the eye or the point of most
distinct vision. If we look with the left eye the
point is as far to the left. In order to be convinced
of this curious fact, which was discovered by M.
Mariotte, place two coloured wafers upon a sheet of
white paper at the distance of three inches, and look
at the left-hand wafer with the right eye at the dis-
tance of about 11 or 12 inches, taking care to keep
the eye straight above the wafer, and the line which
joins the eyes parallel to the line which joins the
wafers. When this is done, and the left eye closed,
the right-hand wafer will no longer be visible. The
same effect will be produced if we close the right
eye and look with the left eye at the right-hand
wafer. When we examine the retina to discover to
what part of it this insensibility to light belongs, we
find that the image of the invisible wafer has fallen
on the base of the optic nerve, or the place where
this nerve enters the eye and expands itself to form
the retina. This point is shown in the preceding
figure by a convexity at the place where the nerve
enters the eye.

But though light of ordinarﬁ intensity makes no
impression upon this part of the eye, a very strong
light does, and even when we use candles or highly
luminous bodies in place of wafers the body does
not wholly disappear, but leaves behind a faint
cloudy light, without, however, giving any thing
like an image of the object from which the light
proceeds.

When the objects are white wafers upon a black
ground, the white wafer absolutely disappears, and
the space which it covers appears to be completely
black; and as the light which illuminates a land-
scape is not much different from that of a white
wafer, we should expect, whether we use one or
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both eyes,* to see a black or a dark spot upon every
landscape within 15° of the point which most par-
ticularly attracts our notice. The Divine Artificer,
however, has not left his work thus imperfect.
Though the base of the optic nerve is insensible to
light that falls directly upon it, yet it has been made
susceptible of receiving luminous impressions from
the parts which surround it, and the consequence of
this is, that when the wafer disappears, the spot
which it occupied, in place of being black, has always
the same colour as the ground upon which the wafer
is laid, being white when the wafer is placed upon a
white ground, and red when it is placed upon a red
ground. This curious effect may be rudely illus-
trated by comparing the retina to a sheet of blotting-
paper, and the base of the optic nerve to a circular
portion of it covered with a piece of sponge. If a
shower falls upon the paper, the protected part
will not be wetted by the rain which falls upon the
sponge that covers it, but in a few seconds it will be
as effectually wetted by the moisture which it absorbs
from the wet paper with which it is surrounded. In
like manner the insensible spot on the retina is stim-
ulated by a borrowed light, and the apparent defect
- i8 so completely removed that its existence can be de-
termined only by the experiment already described.
Of the same character, but far more general in
its effects, and important in its consequences, is
another illusion of the eye which presented itself
to me several years ago. When the eye is steadily
occupied in viewing any particular object, or when
it takes a fixed direction while the mind is occu-
pied with any engrossing topic of speculation or
of grief, it suddenly loses sight of, or becomes
blind to, objects seen indirectly, or upon which it

* When both eyes are open, the object whose image falls upon the in-
sensible spot of the one eye is seen by the other, 8o that though it is not
invisible, yet it will only he half as luminous, and therefore two dark
spote ought to be seen.
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is not fully directed. This takes place whether
we use one or both eyes, and the object which
disappears will reappear without any change in the
position of the eye, while other objects will vanish
and revive in succession without any apparent
cause. If a sportsman, for example, is watching
with intense interest the motions of one of his
dogs, his companion, though seen with perfect
clearness by indirect vision, will vanish, and the
light of the heath or of the sky will close in upon
the spot which he occupied.

In order to witness this illusion, put a little bit
of white paper on a green cloth, and within three
or four inches of it place a narrow strip of white
paper. At the distance of twelve or eighteen
Inches, fix one eye steadily upon the little bit of
white paper, and in a short time a part or even the
whole of the strip of paper will vanish as if it had
been removed from the green cloth. It will again
reappear, and again vanish, the effect depending
Ereatly on the steadiness with which the eye is

ept fixed. This illusion takes place when both
the eyes are open, though it is easier to observe it
when one of them is closed. The same thing
happens when the object is luminous. When a
candle is thus seen by indirect vision, it never
wholly disappears, but it spreads itself out into a
cloudy mass, the centre of which is blue, encircled
with a bright ring of yellow light.

This inability of the eye to preserve a sustained
vision of objects seen obliquely is curiously com-
pensated by the greater sensibility of those parts
of the eye that have this defect. The eye has the
power of seeing objects with Eerfect distinctness,
only when it is directed straight upon them; that
is, all objects seen indirectly are seen indistinctly :
but it is a curious circumstance, that when we
wish to obtain a sight of a very faint star, such as
one of the satellites of Saturn, we can see it most
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distinctlg by looking away from it, and when the eye
is turned full upon it, it immediately disappears.

Effects still more remarkable are produced in the
eye when it views objects that are difficult to be
seen from the small degree of light with which
they happen to be illuminated. The imperfect view
which we obtain of such objects forces us to fix
the eye more steadily upon them; but the more
exertion we make to ascertain what they are, the
greater difficulties do we encounter to accomplish
our object. The eye is actually thrown into a
state of the most painful agitation; the object will
swell and contract, and partly disappear, and it
will again become visible when the eye has re-
covered from the delirium into which it has been
thrown. This phenomenon may be most distinctly
seen when the objects in a room are illuminated
with the feeble gleam of a fire almost extinguished;
but it may be observed in daylight by the sports-
man when he endeavours to mark upon the monoto-
nous heath the particular spot where moor-game
has alighted. Availing himself of the slightest dif-
ference of tint in the adjacent heath, he keeps his
eye steadily fixed on it as he advances, but when-
ever the contrast of illumination is feeble, he will
invariably lose sight of his mark, and if the retina
is capable of taking it up, it is only to lose it a
seeond time.

This illusion is likely to be most efficacious in
the dark, when there is just sufficient light to ren-
der white objects faintly visible, and to persons who
are either timid or credulous must prove a frequent
source of alarm. Its influence too is greatly aided
by another condition of the eye, into which it is
thrown during partial darkness. The pupil expands
nearly to the whole width of the iris in order to col-
lect the feeble light which prevails ; but it is demon-
strable that in this state the eye cannot accommo-
date ftself to see near objects distinctly, so that the

v
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form of persons and things aetnally become more
ehadowy and confused when they come within the
very distance at which we count upon obtaining the
best view of them. ‘These affections of the eye are,
" we are persuaded, very frequent causes of a particu.
lar class of apparitions which are seen at nj?t by
the young and ignorant. The spectres which are
conjured up are alwaya white, because no other col.
our can be seen, and they are either formed out of
inanimate objecta which reflect more light tham
others around them, or of animals or human beings
whose colour or change of place renders them more
visible in the dark. When the eye dimly descries
an_inanimate object whose different parts reflect
different degrees of light, its brighter parta may en-
able the spectator to keep up a continued view of
it ; bat the disa(}apearance and reappesrance of its
fainter parts, and the change of shape which ensues,
will necessarily give it the semblance of a living
form, and if it occupies 2 position which is unap-
proachabie, and wherc animate objects cannot find
their way, the mind will soon transfer to it a super-
natural existence. In like manner a human figure
shadowed forth in a feeble twilight may wndergo
similar changes, and after being distinctly seen
while it is in a situation favourable for receiving
and reflecting light, it may suddenly disappear in
a position fully before, and within the reach of, the
observer’s eye ; and if this evanescence takes place
in a path or road where there was no side-way by
which the figure could escape, it is not easy for an
- ordinary mind to efface the impression which it can-
pot fail to receive. Under such circumsiances, we
never think of distrusting an organ which we have
never found to deceive us; and the truth of the
maxim that ¢ seeing is believing” is too univer-
sally admitted, and too deeply rooted in our na
ture, t5wdmit on any oceasion of a single exception.

In these observations we have supposed that the

v



PHOSPHORKACENCE OF THE RETINA. 7

spectaior bears along with him no fears or preju-
dices, and is a feitbful interpreter of the phenomena
resented to his seness ; but if he is himself & be-
tever in apparitions, and unwilling fo receive an
ocular demonstration of their reality, it is not difi-
cult to conceive the picture which wiil be drawn
when external objects are distorted and caricatored
by the imperfect indications of his senses, and col-
oured with all the vivid hues of the imagination.
Apother cless of ocular deceptions heve their
origin in a property of the eye which has been very
imperfectly examined. The fine mervous fabric
which constifutes the retina, and which extends to
the brain, has the singular property of being phos-
phorescent by presswre. 'When we press the eyeball
outwards by applying the point of the finger between
it and the nose, a circle of light will be seen, which
Sir Isaac Newton describes as “a circle of colours
like those in the feather of a peacock’s tail.” He
adds, that ““if the eye and the finger remain quiet,
these colours vanish in & second of time, but if the
finger be moved with a quavering motion they appear
in.” 1nthe numerous observations which I have
made on these luminous circles, I have never been
able to observe any colour but white, with the ex-
ception of a general red tinge which is seen when
the eyelids are closed, and which is produced by the
light which passes through them. The luminous
circles too always cootinue while the pressure is
plied, and they may be groduced as readily afler
the eye has been long in darkness as when it has
besn recently exposed to light. ‘When the pressure
is very gently applied, 80 as to compress the fine
pulpy substance of the retina, light is immediately
created when the eye is in tota] darkness ; and when
in this state light is allowed to fall upon it, the part
compressed is more sensible to light than any other
part, and consequently appears more luminous. If
we increase the ]laressure, the cyeball, being flled
with incomnpressible Auids, will protrude all round the
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point of pressure, and consequently the retina at the
protrude 'part will be compressed, by the outward
pressure of the contained fluid, while the retina on
each side, namely, under the point of pressure and
beyond the protruded part, will be drawn towards
the protruded part or dilated. Hence the part under
the finger which was originally compressed is now
dilated, the adjacent parts compressed, and the more
remote parts immediately without this didated also.
Now we have observed, that when the eye is, under
these circumstances, exposedto light, there is a bright
luminous circle shading off externally and internally
into total darkness. We are led therefore to the im-
portant conclugions, that when the retina is com-
pressed in total darkness it gives out light ; that when
it is compressed when exposed to light, its sensibility
to light is increased ; and that when it in dilated wnder
exposure to light, it becomes absolutely blind, or tnsen.
sidle to all luminous émpressions.

When the body is'in a state of perfect health,
this phosphorescence of the eye shows itsell on
many occasions, When the eye or the head re-
ceives a sudden blow, a bright flash of light shoots
from the eyeball. 1In the act of sneezing, gleams
of light are emitted from each eye, both durlng
the inhalation of the air, and during its subse-

uent protrusion ; and in blowing air viclently
through the nostrily, two patches of light appear
above the axis of the eye and in front of it, while
other two luminous spots unite into one, and ap.
pear as it were about the point of the nose, when
the eyes are directed to it. When we turn the
eyeball by the action of its own muscles, the re-
tina is affected at the place where the muscles are
inserted, and there may be seen opposite each
éye and towards the nose two semicircles of light,
and other two extremely faint towards the temples.
At particular times, when the retina is more phos-
phorescent than at others, these semicircles are ex»
Panded into complete circles of light.

L]
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In a state of indisposition, the phosphorescence
of the retina appears in new a.mg more alarming
forms, When the stomach ie under a temporary
derangement, accompanied with headache, the pres-
sure of the blood-vessels upon the retina shows itself,
in total darkness, by a faint biue light floating be-
fore the eye, varymng in its shape, and passing
away at one side, This blue light increases in in-
tensity, becomes green and then yellow, and some-
times rises to red, all these colours being {requently
seen at once, or the mass of light shades off into
darkness. When we consider the variety of dis-
tinct forras which in a state of perfect health the
imagination can conjure up when looking into a
burning fire, or upon an irregularly shaded surface,*
it is easy to conceive how the masses of coloured
light which float before ths eye may be mouvlded by
the same power into those fantastic and natural
shapes which so often haunt the couch of the invalid,
even when the mind retains its energy, and is con-
scious of the illusion under whichit labours. Inother
cases, temporary blindness is produced by pressure
upon the optic nerve, or upon the retina, and un-
der the excitation of fever or delirium, when the

hysical cause which produces spectral forms is at
its height, there is superadded a powerful influence
of the mind, which imparts 3 new character to the
phantasms of the senses.

* A very curlons example of the !nfdence of the imagination in cre-
ating dimtinet fHyIms gut of an lrregularly shaded surface, i3 mentionad
in the iife of Peter Hearnan, a Swede, who was exscuisd for plracy and
murder at Leith in 182X Wo give it in his own words ;

* Orae remarkable thing waa, one day an we monded a wall, It being &
wory thin one, afer laying it upon deck in folds, 1 to0k the tar bruab and
tmrred it over in the places which ] thonght needed to be strengthened.
But when wa boisted it up, T wan astonished to see thal the lar I hed

ut apoen it rapresented 2 gellows 2nd & man under it wilboul a head,
head was lying besida bim. FHe waa complete, by, thighy, legs,
arms, and in every shape like 8 mun, Now, 1oflentimes made ramar
upa it, and repeated tbem (o the others, I alwaye said Lo thom ali, you
may depend upon it that scovething wilt happen, * I aflerward 100k down
Lhe il o0 & calm day, and sawed a piece of canvas over the figure 1o
eoter i, MIMnmhﬂrwhﬂE;uwnpummy-yu'
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"In order to complete the history of the {Husions
which originate in the eye, it will be necessary to
give some account of the phenomena called oculer
_ dpectra, or accidental colours. If we cut a fgurs
ont of red paper, and placing it on a sheet of white
paper, view it steadily for some seconds with one
or both eyes fixed on a particular part of it, wa
shall observe the red colour to become less brilliant,
If we then turn the eye from the red figure upon
the white paper, we shall see a distinet green
ﬁgure, which, is the spectrum, or accidental colour
of the red figure. With differently coloured figures
we shall observe differently coloured apectra, 2s in
the following table

Og:!hu: gf the Colan:;rn;ha Bpec-
Nl . 1 L. N
Red, e Bluish-green.
Orange, Blue.
Yellow, Indigo.
Green, Reddish-violet.
Blue, Orange-red.
indigo, Orange-yellow.
Violet, Yellow,
White, Black,
Black, White.

The two last of these experinents, viz. white and
black figures, may be satis{actorily made by using
a white medaflion on a dark ground, and a black
rofile figure. The specirum of the former will be
‘ound to be black, and that of the latter white.
These ocular spectrz often show themselves
without any effort on our parf, and even without
our knowledge. In a highly painted room tllumi,
nated by the sun, those parts of the furniture on
which t{e sun does not directly fall, have always
the opposite or accidental colour. If the sun shines
through a chink in a red window-curtain, its hight
will appear green, varying, &8s in the above table,
with the colour of the curtein; and if we look at

-
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the image of a candle reflected from the water in a
blue finger glass, it will appear yellow. Whenever,
in short, the eye is-affected with one prevailing col-
our, it sees at the same time the spectral or acci-
dental colour, just as when a musical string is
vibrating, the ear hears at the same time its fun.
damental and its harmonic sounds.

If the prevailing light is white and very sirong,
the spectra which it produces are no longer bl;z{,
but of various colours in succession. If we look
at the sun for example, when near the horizon, or
when reflected from glass or water, so as to mod-
erate its brilliancy, and keep the eye upon it steadil
for a few seconds, we shall see even for hours a}:
terward, and whether the eye is open or shut, a
spectre of the sun varying in its colours. At first,
with the eye open, it is drownish-red with a sky-
blue border, and when the eye is shut, it is green
with a red border. 'The red becomes more brilliant,
and the bdlue more vivid, till the impression is
gradually worn off; but even when they become
very faint, they may be revived by a gentle pressure
on the eyeball.

Some eyes are more susceptible than others of
these spectral impressions, and Mr. Boyle mentions
an individual whe continued for years to see the

-spectre of the sun when he looked upon bright ob-
jects. This fact appeared to Locke so interesting
and inexplicable, that he consulted Sir Isaac New-
ton respecting its cause, and drew from him the
following interesting account of a similar effect
upon himself: “The observation you mention in
Mr. Boyle’s book of colours, I once made upon
myself with the hazard of my eyes. The manner
was this; I looked a very little while upon the
sun in the looking-glass with my right eye, and then
turned my eyes into a dark corner of my cham-
ber and winked, to observe the impression made,
and the circles of colours which encompassed it,
and how they decayed by degrees, and at last van-
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ished. This I repeated a second and athird time.
At the third time, when the phantasm of light and
colours about it were almost vanished, intending
my fancy upon them to see their last appearance,
I found, to my amazement, that they began to
return, and by little and little to become as lively
and vivid as when I had newly looked upon the
sun. But when I ceased to intend my fancy upon
them they vanished again. After this I found,
that, as often as I went mto the dark, and intended
my mind upon them, as when a man looks ear-
nestly to see any thing which is difficult to be seen,
I could make the phantasm return without looking
any more upon the sun; and the oftener I made it
return the more easily I could make it return
again. And at length, by repeating this without
looking any more upon the sun, I made such an
impression on my eye, that, if I looked upon the
clouds, or a book, or any bright object, I saw upon
it a round bright spot of light like the sun; and,
which is still stranger, though I looked upon the
sun with my right eye only, and not with my left,
yet my fancy began to make an impression upon
my left eye as well as upon my right. Forif I
shut my right eye, and looked upon a book or the
clouds with my left eye, I could see the spectrum
of the sun almost as plain as with my right eye, if
1 did but intend my fancy a little while upon it;
for at first, if I shut my right eye, and looked with
my left, the spectrum of the sun did not appear till
I intended my fancy upon it; but by repeating,
this appeared every time more easily. And now
in a few hours time I had brought my eyes to such a
pass, that I could look upon no bright object with
either eye but I saw the sun before me, so that
I durst neither write nor read ; but to recover the
use of my eyes, shut myself up in my chamber
made dark, for three days together, and used all
means in my power to direct my imagination from
the sun. For if I thought upon him, I presently
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eaw hiz pteture though I wae in the dark. DBut
by keeping in the dark, and employing my mind
agnut otiver things, I began in three or four days
{0 have more use of my eyes again; and by for-
bearing to look npon bright objects, recovered them
pretty well; though not so well but that, for some
mongxs after, the spectrums of the sun began to re-
turn as often g9 I began to meditate upon the phe-
nomensa, even though I lay in bed at midnight with
my curtains drawn. But now I have been very
well for many years, though I am apt to think, if
1 durst venture my eyes, [ could still make the
phantasm return by the power of my fancy. This
story I tell you, to let you understand, that in the
observation related by Mr. Boyle, the man’s fancy
probably concurred with the impression made by
the sun's light to produce that phantasm of the sun
which he constantly saw in bright objects.”*

I am not aware of any effects that had the char-
acter of supernatural szing been actually pro-
duced by the causes above described; but it is ob-
vious, that if a living figure had been projected
against the sirong hight which imprinted these du-
rable speetrs of the sun, which might really happen
when the solar rays are refiected from water, and
diffused by its ruffled surface, this figure would have
. Recessarily accompanted all the luminous spectres
which the fancy created. Ewen in ordinary lights
sirange appearances may be produced by even trasn-
sient impressions, and if 1 am not greatly mistaken,
the case which I am about to mention is not oniy
one which may occur, but which actually hupnened.
A figure dressed in dlack and mounted upon s"white
korse was riding along exposed to the bright rays
of the sun, whick through 2 small opening in the
clouds was throwing its Iight only upon that part of
the landscape. The black fignire was projected ngainst

* Bos the Edindurgh Encyclopadia, ATl.Acc at CoLovke.
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a white cloud, and the white kome shoune with par-
ticular brilliancy by its contrast with the dark soil -
against which it was seen. A person interested in
the arrival of such a stranger had been for some
time following hie movements with intense anxiety,
but upon his disappearance behind & wood, was sur-
prised to observe the spectre of the mounted stran-
mer in the form of a white rider npon a black steed,
and this spectre was seen for some time in the slg,
or upon any pale ground to which the eyve was di-
rected. Such anoccurrence, especially if accompa-
nied with a suitzble combination of events, might
even in modern times have formed a chapter in the
history of the marvellous.

It is a curious cirenmstance, that when the image
of an object is impressed upon the retina only for a
few moments, the picture which is left is exactly
of the same colour with the object. If we look for
example at a window at some distance from the eye,
and then transfer the eye quickly fo the wall, we
shall see it distinctly but momentarily with light
panes and dark bars ; but in a space of time incal-
culably short, this picture is succeeded by the spec-
tral impression of the window, which will consist of
Mack panes and white bars. The similar spectrum,
ar that of the same colour as the object, is finely
seen in the experiment of forming luminous circles
by whirling round a burning stick, in which case the
circles are always red.

In virtue of this property of the eye an object
may be seen in many places a¥ once ; and we may
even exhibit at the same instant the two opposite
sides bf the same object, or two pictures painted on
the opposite sides of a piece of card. It was found
by a French philosopher M, D’Arcet, that the im-
pression of light continued on the retina about the
eighth part of 2 second after the luminous body was
withdrawn, and upon this principle Dr. Paris has
constructed the pretty little instrument calied the
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Thaumatrope, or the Wonder-turner. It consists of
a nurnber of circular pieces of card about two or
three inches broad, which may be twirled round with
great veloeity by the application of the fore.finger
and thumb of each hand to pieces of silk string at-
tached to opposite points of their circumference.
On each side of the circular piece of card is painted
of a picture, or a part of a figure, in such a man-
ner that the two parts would form a group or a
whote fgure if we could see both sides at once.
Harlequin for example is painted on one side, and
Columbine on the other, so that by twirling round
the card the two are geen at the same time in their
usual mode of combination. The body of a Turk is
drawn on one side, and his head on the reverse, and
the rotation of the card the head is replaced npon
his shoulders. The principle of this illusion may
be extended to many other contrivances. Part of
a sentence may be written on one side of & card
and the rest on the reverse., Particular letters may
be given on one side, and others upon the other, or
even halves or parts of each letter may be put upon
each side, or all these contrivances may be combined
eo that the sentiment which they express can be
understood only when 2l the scattered parts are
united by the revolution of the card.
As the revolving card is virtually transparent, so
that bodies beyond it can be seen through it, the
wer of the illusion might be greatly extended by
tntroducing into the picture other figures, either
animate or inanimate. The setting sun for exam-
pte, might be introduced into a landscape : Part of
the flame of a fire might be seen to issue from the
crater of a voleano, and cattle grazing in a field
might make part of the revolutionary landscape.
For such purposes, however, the form of the instru-
ment wouwld require to be completely changed, and
the rofation should be effected round a standing
uxin by whesls and pinions, and a screen placed in
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front of the revolving plane with open compart-
ments or apertures, through which the principal
figures would appear. Had the principle of this
instrument been known to the ancients, it ‘would
doubtless have formed a powerful engine of delu-
sion in their temples, and might have been more
effective than the optical means which they seem
to have employed for producing the apparitions of
their gods.

In certain diseased conditions of the eye effects
of a very remarkable kind are produced. The fac-
ulty of seeing objects double is too common to be
noticed as remarkable ; and though it may take place

. with only one eye, yet as it generally arises from a -

transient inability to direct the axes of both eyes
to the same point, it excites little notice. That
state of the eye, however, in which we lose sight
of_half of every object at which we look, is more
“alarming and more likely to be ascribed to the dis-
appearance of part of the object than to a defect of
sight. Dr. Wollaston, who experienced this defect
twice, informs us that, after taking violent exercise,
he * suddenly found that -he could see but half of a
man whom he met, and that, on attempting to read
the name of JOHNSON over a door, he saw only
SON, the commencement of the name being
wholly obliterated from his view.” In this instance,
the part of the object which disappeared was towards
his left, but on a second occurrence of the same
affection, the part which disappeared was towards
his right. There are many occasions on which
this defect of the eye might alarm the person who
witnessed it for the first time. At certain dis-
tances from the eye one or two persons would ne-
cessarily disappear ; and by a slight change of posi-
tion either in the observer or thé person observed,
the person that vanished would reappear, while the
other would disappear in his turn. The circum-
stances under which these evanescences would take

AN
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place could not be supposed to occur to an ordi-
nary observer, even if he should be aware that the
cause had its origin in himself. When a phenome-
non so strange is seen by a person in perfect health,
as it generally is, and who has never had occasion
to distrust the testimony of his senses, he can
scarcely refer it to any other cause than a superna-
tural one.

Among the affections of the eye which not only
deceive the person who is subject to them, but those
also who witness their operation, may be enume-
rated the insensibility of the eye to particular col-
ours. This defect is not accompanied with any
imperfection of vision, or connectedswith any dis-
ease either of a local or a general nature, and it has
hitherto been observed in persons who possess a
strong and a sharp sight. Mr. Huddart has de-
scribed the case of one Harris, a shoemaker at Mary-

ort in Cumberland, who was subject to this defect
in a very remarkable degree. He seems to have
been insensible to every colour, and to have been
capable of recognising only the two opposite tints of
black and white. “ His first suspicions of this de-
fect arose when he was about four years old. Hav-
ing by accident found in the street a child’s stock-
ing, he carried it to a neighbouring house to inquire
for the owner: he observed the people call it a
red stocking, though he did not understand why
they gave it that denomination, as he himself
thought it completely described by being called a
stocking. The circumstance, however, remained in
his memory, and with other subsequent observa-
tions, led him to the knowledge of his defect. He
observed also that, when young, other children
could"discern cherries on a tree by some pretended
difference of colour, though he could only distin-
guish them from the leaves by their difference of
size and shape. He observed also that, by means
of this difference of colour, they could see the cher-

D
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ries at = greater distance than he could, though he
could see other objects at ae great a distance as
they, that is, where the sight was not assisted by
the colour.” Harris had two brothers whose per-
ception of colours was nearly as defective as his
own. One of these, whom Mr. Huddart examined,
constantly mistook light green for yellow, and orange
for grass green.

Mr. Scott has described in the Philosophical
Transactions his own defect in perceiving colours.
He states. that he does not know any green in the
world ; that a penk colour angd a pale blue are per-
fectly alike ; that he has often thought a full red
and a full green a good match: that he is sometimes
bafed in distinguishing a full purple from a deep dlue,
but that he knows light, darﬁ:‘a_nd raiddie yellows,
and all degrees of blue except shy-blue. “ 1 married
my daughter to a genteel, worthy man, & few years
ago ; the day before the marriage he came {o my
house dressed in a new suit of fine cloth clothes.
I wuy much displeased that he should come as 1
supposed, in dlack ; and said that he should go back
to change his colour. But my daughter said, No,
no ; the colour is very genteel, that it was my eyen
that deceived me. He was a gentleman of the law,
in a fine rich claret-coloured dress, which is a8 much
a black to my eyes as any black that ever waa dieg.”
Mr. Scott’s father, his maternal uncle, one of his
sisters, and her two sons, had all the same imper-
fection.  Dr. Nichel has recorded a case where a
naval officcr purchased a dlue uniform coat and
waistcoat with red breeches 1o match the blue, and
Mr. Harvey describes the casc of a tailor at Ply.
mouth, who on one occasion repaired an article of
dress with crimson in place of black silk, and on
another patched the elbow of z Mue coat with a
piece of caimson cloth. It deserves to be remarked
that our celebrated countrymen the late Mr. Du.
gald Stewart, Mr. Balton, and Mr. Troughton, have
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a similar difficulty in distinguishing colours. Mr.
Stewart discovered this defect when one of his
family was admiring the beauty of the Siberian
crab-apgle, which he could not distinguish from the
leaves but by its form and size. Mr. Dalton can-
not distinguish dlue from pink, and the solar spec-
trum consists only of two colours, yellow and blue.
Mr. Troughton regards red, ruddy pinks, and bril-
liant oranges as yellows, and greens as blues, so that
he is capable only of appreciating blue and yellow
colours.

In all those cases which have been carefully stu-
died, at least in three of them in which I have had
the advantage of making personal observations,
namely, those of Mr. Troughton, Mr. Dalton, and
Mr. Liston, the eye is capable of seeing the whole
of the prismatic spectrum, the red space appearing
to be yellow. If the red space consisted of homo-
geneous or simple red rays, we should be led to infer
that the eyes in question were not insensible to red
light, but were merely incapable of discriminating
between the impressions of red and yellow light. I
have lately shown, however, that the prismatic spec-
trum consists of three equal and coincident spectra
of red, yellow, and dlue light, and consequently, that
much yellow and a small portion of blue light exist
in the red space; and hence it follows, that those
eyes which see only two colours, viz. yellow and blue,
in the spectrum, are really insensible to the red
light of the spectrum, and see only the yellow with
the small portion of blue with which the red is
mixed. The faintness of the yellow light which is
thus seenin the red space, confirms the opinion that
the retina has not appreciated the influence of the
simFIe red rays. .

If one of the two travellers whe in the fable of
the chameleon, are made to quarrel about the colour
of that singular animal, had happened to possess this
defect of sight, they would have encountered at
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every step of their journey new grounds of dissen-
sion, without the chance of finding an umpire who
could pronounce a satisfactory decision. Under
certain circumstances, indeed, the arbiter might set
aside the opinions of both the dispuianis, and render
it neceasary to appesl to some hagher authority,

-—— to bag he’d tell em if he kmew
Whether tho (hing was red of blue.

Inthecourse of writing the preceding observations,
an ocular tlusion ocenrred to myself of so extra-
ordinary nature, that I am convinced it never was
seen hefore, and I think it far from probable that it
will ever be seen again. Upon directing my eves
to the candies that were standing before me, 1 was
surprised to observe, apparently among my hair, and
nearly straight above my head, and far without the
range of vision, a distinct image of one of the can-
dles, inclined about 45° to the horizon, as shown at
A in Fig. 2. The image was as distinct and perfect

Fig. 2.

A
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as if it had been formed by reflection from a piece
of mirror glass, though of course much less brilliant,
and the position of the image proved that it must be
formed by reflection from a perfectly flat and highly

lished surface. But where such a surface could

placed, and how, even if it were fixed, it could
reflect the image of the candle up through my head,
were difficuities not a little perplexing. Thinking
that it might be something lodged in the eyebrow,
1 covered it up from the light, but the image still
retained its place. I then examined the eyelashes
with as little success, and was driven to the extreme
supposition that a crystallization was taking place
in some part of the aqueous humour of the eye, and
that the image was formed by the reflection of the
light of the candle from one of the crystalline faces.
In this state of uncertainty, and, I may add, of
anxiety, for this last supposition was by no means
an agreeable one, I set myself down to examine the
phenomenon experimentally. I found thattheimage
varied its place by the motion of the head and of the
eyeball, which proved that it was either attached to
the eyeball or occupied a place where it was affected
by that motion. Upon inclining the candle at differ-
ent angles the image suffered corresponding varia-
tions of position. In order to determine the exact
place of the reflecting substance, I now took an
opaque circular body and held it between the eye
and the candle till it eclipsed the mysterious image.
By bringing the body nearer and nearer the eyeball
till its shadow became sufficiently distinct to be seen,
it was easy to determine the locality of the reflector,
because the shadow of the opaque body must fall
upon it whenever the image of the candle was
eclipsed. Inthisway [ ascertained thatthereflecting
body was in the upper eyelash, and I found, that, in
consequence of being disturbed, it had twice changed
its inclination, so as to represent a vertical candle
in the horizontal p‘o’sitioDn B, and afterward in the

3
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fnverted position C. Still, however, T sought for it
in vain, and evenwith the aid of a magnifier I could
not discover it.  Atlast, however, Mrs. B., who pos-
sesges the perfect vision of short-sighted persons,
discovered, after repeated examinations, between
two eyelashes, 8 minute apeck, which, upon being
removed with great difficulty, turned out fo be a
chip of red wax not above the hundredth part of an
inch in diameter, and having its surface so perfectly
flat and so highly polished that I could see in it the
same image of the candle, by placing it extremely
near the eye. This chip of wax had no donbt re-
ceived its flatness and its polish from the surface of
a seal, and had started into my eye when breaking
the seal of a letter.

That this reflecting substance was the cause of the
image of the candle cannot admit of a doubt; but
the wonder atill remains how the images which it
formed occupied so mysterious a place as to be seen
without the range of vision, and apparently through
the head. In order to explain this, let m n Fig. 2,
be a latersl view of the eye. The chip of wax was
placed at m 2t the root of the eyelashes, and being
nearly in contact with the outer surface of the cor-
nea, the light of the candle which it reflected passed
very obliquely through the pu[fail and fell apon the
retina somewhere to the left of n, very near where
the retina terminates; but a ray thus falling obliquely
on the retina is seen, in virtue of the law of visible
direction already explained, in a line n C perpen.
dicular to the retina at the point near n, where the
ray fell. Hence the candle was necessarily seen
through the head as it were of the observer, and
without the range of ordinary vision. The compar-
ative brightness of the reflected image still surprises
me; but even this, if the image really was brighter,
may be explained by the fact, that it was formed on
8 part of the retina, upon which light had never be-
fore falen, and which may therefore be supposed
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to be mare sensible, than the parts of the membrane
in constant use, to luminous impressions.

Independent of its interest as an example of tha
marvellous in vision, the preceding fact may be con-
tidered as a proof that the retina retains its power
to its very termination near the ciliary processes,
and that the law of visible direction holds true even
without the range of ordinary vision. It is there.
fore possible that a reflecting surface favourably
piaced on the outside of the eye, or that a reflecting
surface in the inside of the eye, may cause a lunmi-
nous image to fall nearly on the extreme margin of
the retina, the consequence of which would be
that it would be seen in the back of the head half
way between a vertical and a horizontal line,

LETTER III

Sobject of spectral Nlusions—Recent and interssting Cass of Mrw. A=
Her Rrat llusion affecting the Ear—B8peectral Apporition of her Hus
band—9pecirel Apparition of & Cat—Apperition of & near and living
Relation in Grave-clothes seen in & Loeking-glaes—Other Liomions
affecting Lthe Ear—Spectre of a deceased Friend siulng in an emay-chair
—Spectre of & Coach and four flled with Skeletons—Accuracy and
Yalue af the preceding Onses—Srate of Health under which they aross
—S8peetral Appariions are Pictureson tha Retina—The [deaa of Mam-
ory and lmagination are alan Pictures on the Retina—Gmeral Yiews
of the Subjevt-——-Approrimats Explanalion of apeciral Apparikons.

Tue preceding account. of the .different sources
of illusion to which the eye is subject, ia not only
useful as indicating the 1Eurobahle cause of any indi-
vidual deception, but it has a special importance in
preparing the mind for understanding those more
vivid and permanent spectral illusions to which some
individuals have been either occasionally or habit.
ually subject.

In these lesser phenomena we find the retina so
powerfully influenced by cxternal impressions as to
retain the view of visible cifjects long after they are
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wilhdramwn ; “MHIEMHHMIEEM
mﬂ'uﬂ:ﬁ win sometimes know neither the
nor the origin, »s to see in tolal darkness
mnid =ha enassns of cobowred light ; and

a8 in the casé 6l Bar Issac Newton and
that the imagination has th-u_pmlr'n' i re-
the impres=lons of highly leminous objects,
and oven years afier I|'|n:r'l ware first made,
I’m-m-hphnmmnu_ﬂw feels ot 8o be B
viobent {ransition to pass fo those illusions
which, in particular states of lwealih, have haustsd
the most intelligent individuals, not only i the hrogd
ight of day, but in the very beard of the secia circle.

Thia curious subfect has been so ably ond fully
irented in your Leiiers on Demonclogy, that it would
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an which you have even fouched; bul as il fisr s
branch of a Treatise on Natural Magic,
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apecirsl mets which it embroces, and of
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with ihe view of throwing some light on this e
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A few years agpo 1 s sccanlon 1o spend some
days under the sume roel with the iady 1o whose
caso | have shove referred. AL that time she o
seen w0 speciral ilusions, and was acquainfed with
thee aubject only from the interesting volume off Dr.
Hibbert, I conversing with ber about the cause
of thess apparitions, I menticned, et if she should
over see such o thiag, she might dislingussh a gen-
uine ghost existing extemally, and seen aa anexter-
nald ﬂfjrcl, from ons ereated by the mind, by merely
pressing ome eye or siralining them both so as tosee
objects double | for in this case the external obj
ar apparition would mwriakly be
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would remain single. This observation recurred to
her mind when she unfortunately became subject to
the same illusions; but she was too well acquainted
with their nature to require any such evidence of
their mental origin; and the state of agitation which
generally accompanies them seems to have prevented
her from making the experiment as a matter of
curiosity.

1. The first illusion to which Mrs. A. was subject
was one which affected only the ear. On the 26th
of December, 1830, about half-past four in the
afternoon, she was standing near the fire in the
hall, and on the point of going up stairs to dress,
when she heard, as she supposed, her husband’s voice
calling her by name, “—— Come here ! come
to me!” She imagined that he was calling at the
door to have it opened, but upon going there and
opening the door shie was surprised to find no person
there. Upon returning to the fire, she again heard
the same voice calling out very distinctly and loudly,
& —— Come, come here!”—She then opened
two other doors of the same room, and upon seeing
no person she returned to the fireplace. After a few
moments she heard the same voice still calling,
% _————Come to me, come! come away!” in a
loud, plaintive, and somewhat impatient tone. She
answered as loudly, ¢ Where are you?! 1don’t know
where you are;” still imagining that he was some-
where in search of her: but receiving no answer, she
shortly went up stairs. On Mr. A.’s return to the
house, about half an hour afterward, she inquired
why he called to her so often, and where he was ;
and she was of course greatly surprised to learn that
he had not been near the house at the time. A
similar illusion, which excited no particular notice
at the time, occurred to Mrs. A. when residing at
Florence about ten years before, and when she was
in perfect heaith. When she was undressing after
8 ball, she heard a voice call her repeatedly by
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?ame, and she was at that time unable to account
or it.

2. The next illusion which occurred to Mrs. A.
was of a more alarming character. On the 30th
of December, about four o’clock in the afternoon,
Mrs. A. came down stairs into the drawing-room,
which she had quitted only a few minutes before,
and on entering the room she saw her husband, as
she supposed, standing with his back to the fire.
As he had gone out to take a walk about half an
hour before, she was surprised to see him there, and
asked him why he had returned so soon. The
figure looked fixedly at her with a serious and thought-
ful expression of countenance, but did not speak.
Supposing that his mind was absorbed in thought,
she sat down in an arm-chair near the fire, and
within two feet at most of the figure, which she
still saw standing before her. As its eyes, how-
ever, still continued to be fixed upon her, she said
after the lapse of a few minutes, “ Why don’t
you speak —— 1’ The figure immediately moved
off towards the window at the farther end of the
room, with its eyes still gazing on her, and it
passed s0 very close to her in doing so, that
she was struck by the circumstance of hearin
no step nor sound, nor feeling her clothes brushe
against, nor even any agitation in the air. Al-
though she was now convinced that the figure was
not her husband, yet she never for a moment sup-
posed that it was any thing supernatural, and was
soon convinced that it was a spectral illusion. As
soon as this conviction had established itself in her
mind she recollected the experiment which I had
suggested, of trying to double the object ; but before
she was able distinctly to do this, the figure had re-
treated to the window, where it disagpeared. Mrs.
A. immediately followed it, shook the curtains and
examined the window, the impression haviﬁf been
80 distinct and forcible that she was unwillng to
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belisve that it was not a reality. Finding, however,
that the figure had no natural means of escape, she
was convinced that she had seen a spectral apparition
like those recorded in Dr. Hibbert’s work, and she
consequently felt no alarm or agitation. The ap-
arance was seen in bright daylight, and lasted
our or five minutes. When the figure stood close to
her it concealed the real objects behind it, and the
apparition was fully as vivid as the reality.

3. On these two occasions Mrs. A. was alone, but
when the next phantasm appeared her husband was
present. This took place on the 4th of January,
1830. About ten o’clock at night, when Mr. and
Mrs. A. were sitting in the drawing-room, Mr. A.
took up the tpoker to stir the fire, and when he was
in the act of doing this, Mrs. A. exclaimed, “ Why
there’s the cat in the room !"—* Where 1" asked Mr.
A.—“There,close to you,” she replied.—* Where 1"
he repeated.—*“ Why on the rug to be sure, between
yourself and the coal-scuttle.” Mr. A., who had still
the poker in his hand, pushed it in the direction men-
tioned,— Take care,” cried Mrs. A. *“take care, you
are hitting her with the poker.” Mr. A. again asked
her to point out exactly where she saw the cat.
She replied, *“ Why sitting up there close to your
feet on the rug: She is looking at me. It is Kitty
—come here Kitty ”—There were two cats in the
house, one of which went by this name, and they
were rarely if ever in the drawing-room. At this
time Mrs. A. had no idea that the sight of the cat
was an illusion. When she was asked to touch it,
she got up for the purpose, and seemed as if she were
Pursuing something which moved away. She fol-
owed a few steps, and then said, “ It has gone under
the chair.” Mr. A. assured her it was an illusion,
but she would not believe it. He then lifted up the
chair, and Mrs. A. saw nothing more of it. The
room was then searched all over, and nothing found
in it. There was a dog lying on the hearth, who
would have betrayed great uneasiness if a cat had
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been in the room, but he lay perfectly quiet. In
order to be quite certain, Mr. A. rung the bell, and
sent for the two cats, both of which were found in
the housekeeper’s room.

4. About a month after this occurrence, Mrs. A.,
who had taken a somewhat fatiguing drive during
the day, was preparing to go to bed about eleven
o'clock at night, and, sitting before the dressing-
glass, was occupied in arranging her hair. She
was in a listless and drowsy state of mind, but fuily
awake. When her fingers were in active motion
among the papillotes, she was suddenly startled by
seeing in the mirror the figure of a near relation,
who was then in Scotland, and in perfect health.
The apparition appeared over her left shoulder, and
its eyes met hers in the glass. It was enveloped
in grave-clothes, closely pinned, as is usual with
corpses, round the head, and under the chin, and
though the eyes were open, the features were solemn
and rigid. The dress was evidently a shroud, as
Mrs. A. remarked even the punctured pattern usu-
ally worked in a peculiar manner round the edges -
of that garment. Mrs. A. described herself as at
the time sensible of a feeling like what we conceive
of fascination, compelling her for a time to gaze on
this melancholy apparition, which' was as distinct
and vivid as any reflected reality could be, the light
of the candles upon the dressing-table appearing to
shine fully upon its face. After a few minutes,
she turned round to look for the reality of the form
over her shoulder; but it was not visible, and it had
also disappeared from the glass when she looked
again in that direction.

5. In the beginning of March, when Mr. A."had
been about a fortnight from home, Mrs. A. fre-
quently heard him moving near her. Nearly every
night as she lay awake she distinctly heard sounds
like his breathing hard on the pillow by her side,
and other sounds such as he might make while
turning in bed.
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8. On snother occasion during Mr. A.’s absence,
while riding with a neighbour Mr. ——, she heard
his voice frequently as if she were riding by his
gide. She heard also the tramp of his horse’s feet,
and was almost puzzled bg' hearing him address her
at the same tirne with the person really in com-
pany. His voice made remarks on the scenery,
improvements, &c. such as he probably should have
done had he been present. On this occasion, how-
ever, there was no visible apparition.

7. On the 17th March, Mrs. A. was preparing for
bed. Bhe had dismissed her maid, and was sit-
ting with her feet in hot water. Having an ex-
cellent memory, she had been thinking upon and
repeating to herself a striking passage in the Edin-
burgh Review, when, on raising her eyes, she saw
seated in a large easy-chair before her the figure of
2 deceased friend, the mister of Mr. A, The figure
was dressed, as had been usual with her, with great
neatness, but in 3 gown of a peculiar kind, such as
Mrs. A. had never seen her wear, but exactly such
as had been described to her by a common friend
as having been worn by Mr. A.’s sister during her
last visit to England. Mrs. A paid particular at-
tention to the dress, air, and appearance of the fig-
ure, which sat in an easy attitude in the char,
holding a handkerchief in one hand. Mrs. A. tried
to speak to it, but experienced a difficulty in doing
50, and in zbout three minutes the figure disap-

ared. About a minute afterward, Mr. A, came
into the room, and found Mrs. A. slightly nervous,
but fully aware of the delusive nature of the appa-
rition. 8he described it as having all the vivid
colouring and apparent reality of life; and for some
hours c‘n'eceding this and other visions, she expe-
rienced 2 peculiar sensation in her eyes, which
seemed to be relieved when the vision had ceased.

B. On the 5th October, between one and two
¢'clock in the morning, l\l‘:I:r. A. was awoke by Mm.
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A., who told him that she had .just seen the fignre
of his deceased mother draw aside the bed curtains
and appear between them. The dress and the look
of the apparition were precisely those in which Mr.
A.s mother had been last seen by Mrs. A, at Paxis
in 1824,
" ¢ On the 11th October, when sitting in the
drawing-room, on one side of the fireplace, she
saw the figure of another deceased friend moving
towards her from the window at the farther end
of the room. It approached the fireplace, and
sat down in the chair opposite. As there were
several ﬁersons in the room at the time, she de-
scribes the idea uppermost in her mind to have been
a fear lest they should be alarmed at her staring,
in the way she was conscious of doing, at vacancy,
and should faney her intellect disordersd. Under
the influence of this fear, and recollecting a story
of a similar effect in your work on Demonology,
which she had lately read, she summoned up the
requisite resolution to enable her to cross the space
belore the fireplace, and seat herself in the same
chair with the figure. The apparition remained
rfectly distinct till she sat down, as it were, in its
ap, when it vanished.

10. On the 26th of the same month, about two
P. M. Mrs. A. was sitting in a chair by.the window
in the same room with her husband. "He heard her
exclaim, * What have I seen !  And on looking at
her, he observed a strange expression in her eyes
and countenance. A carriage and four had appeared
to her to be driving up the entrance road to the
house. As it approached, she fell inclined to go
up stairs to prepare to receive company, but, as if
spell-bound, she was unable to move or speak. The
carriage agproached, and as it arrived within a few
yards of the window, she saw the figures of the
postillions and the persons inside take the ghastly
-appearance of skeletons and other hideous ggum
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‘The whole then vanished entirely, when she uttered
the sbove-mentioned exciamation.

11. On the morning of the 30th October, when
Mrs. A, was sitting in her own room with a favourite
dog in her lap, she distinctly saw the same dog mov-
ing about the room during the space of about a min-
ute or rather more.

12. On the 3d December, abont nine P. M. when
Mr. and Mrs. A. were sitting near each other in the
drawing-room occupied in reading, Mr. A, felt a

ressure on his foot. On looking up, he observed

ra. A.'s eyes fixed with a strong and unnatural
stare on a chair about nine or ten feet distant,
Upon asking her what she saw, the expression of
her countenance changed, and upon recovering her-
self, she told Mr. A. that she had seen his brother,
wha was alive and well at the moment in London,
geated in the ogposite chair, but dressed in grave-
c{ti)thes,andwit a ghaatly countenance, as if scarcely
alive.

Such is a brief account of the various spectral
illusions observed by Mra. A.—-In describing them |
have ured the very words employed by her husband
in his communications to me on the subject;® and
the reader may be assured that the descriptions are
neither heightened by fancy, nor amplified by in-
veation. The high character and intelligence of
the lady, and the station of her husband in society,
and as 2 man of leamming and science, would authen-
ticate the most marvellous narrative, and satisfy the
moat scrupulous mind, that the case has been philo-
sophically as well as fait.hfulrlg described. In nar-
rating events which we regard as of a supernatural
character, the mind has a strong tendency to give
more prominence t0 what appears to itself the most
wonderful ; but from the very same cause, when we

* Béindurrk Journal of Science, New ¥ No. iv, p. %15, 919;
Ne. vl p. 244, nnd No. vill. p. 21. i, No. ie- » ’
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describe extraordinary and inexplicable phenomena
which we believe fo be the result of natural causes,
the mind is prone to strip them of their most mar-
vellous points, and bring them down to the level of
ordinary events. From the very commencement
of the spectral illusions seen by Mra. A., both she
and her husband were well aware of their nature
and origin, and both of them paid the most minute
attention to the circumstances which accompanied
them, not only with the view of throwing light
upon 80 curious & subject, but for the purpose of as-
certzining their connexion with the state of health
under which they appeared.

An the spectres seen by Nicolai and others had
their origin iz bodily indisposition, it becomes in-
teresting to learn the state of Mrs. A.’s health when
she was under the infiuence of these illusions. Du-
ring the six weeks within which the three first
illusions tock place, she had been considerably re.
duced and wezkened by a troublesome cough, snd
;hahweaknesa which t}éisroccmm wngéuncreuad

er bei revented from ing % daily tonie,
I-rer generrg lgea.lth had not been strong, snd long
experience has put it beyond a doubt, that her in.
disposition arises from a disordered state of the di-
gestive organs. Mra. A. has naturaliy a morbidly
sensitive imagination, which so painfully affects her
corporeal impressions, that the account of any per-
son having suffered severe pain by accident or
otherwise occasionally produces acute twingee of
pain in the corresponding parts of her person. The
account, for example, of the amputation of ag arm
will produce an instantanecus and severe sense of
pain in her own arm. Bhe is subject to talk in her
sleep with great fuency, to repeat long passages
of poetry, particularly when she is unwell, and
even to cap verses for half an hour together, never
failing to quote lines beginning with the final letter
of the preceding one $ill her memory is exhausted.
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Although it is not probable that we shall ever be
able to understand the actual manner in which a
ﬂfmon of sound mind beholds spectral apparitions

the broad light of day, yet we may arrive at such
a degree of knowledge on the subject as to satiafly
rational curiosity, and to strip the phenomena of
every attribute of the marveilous. Even the vision
of natural objects presents to us insurmountable
difficulties, if we seek to understand the precise part
which the mind performs in perceiving them ; but
the philosopher considers that he has given a satis-
factory explanation of vision when he demonstrates
that distinct pictures of externai objects are painted
on the retina, and that this membrane communicates
with the brain by means of nerves of the same sgb-
stance as itself, and of which it is merely an expan-
sion. Here we reach the gulf which human intelli-
gence cannot pass ; and if the presumptuous mind of
man shall dare to extend its speculations further, it
will do it only to evince its incapacity and mortify
its pride.

In his admirable work on this subject, Dr. Hib-
bert has shown that spectral apparitions are nothing
mote than ideas or the recollected images of the
mind, which in certain states of bodily indisposition
have been rendered more vivid than actual impres-
sions; or to use other words, that the pictures in the
“mind's eye” are more vmd than the pictures in
the body’s eye. This principle has been placed by
Dr. Hibbert beyond the reach of doubt; Eut I pro-
pose to go much further, and to show that the
“ mind’s eye” is actually the body’s eye, and that
the retina is the common tablet on which both
classes of impressions are painted, and by means of
which they receive their visual existence according
to the same optical laws. Nor is this true merel
in the case of spectral illurions : it holds good of
ideas recallad by the rrénmory or created by the

: 2

]
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imagination, and may be regarded as a funvlamental
Jaw in the science of ppeumatology.

1t would be out of place in a work like this to
adduce the experimental evidence on, which it rests,
or even to explain the manner in which the expe-
riments themselves must be conducted ; but 1 may
state in general, that the spectres conjured up by
the memary or the fancy have always a “ local
habitation,” and that they appear in front of the eye,
and partake in its movements exactly like the im-
pressions of luminous abjects after the objects thehn-
selves are wilhdrawn,

In the healthy state of the mind and body, the re-
lative intensity of these two classes of impressions
on the retina are nicely adjusted. The mental Sio-
tures ate transient and comparatively feeble, and in
ordinary temperaments are never capable of disturb.
ing or effacing the direct images of visible objects.
The affairs of life could not be carried on if the
memoty were to intrude bright representations of
the past into the domestic scene, or scatter them
over the external landscape. 'The two opposite im-
pressions, indeed, could not co.exist: the same per-
vous fibre which is carrying from the brain to the
retina the fipures of memory, could not at the same
instant be carrying back the impressions of externel
objects from the retina to the brain. 'The mind can.
pat perform two different functions at the same in-
stant, and the direction of its attention to one of
the two classes of impressions necessarily produces
the extinction of the other: but so rapid is the ex.
ercise of mental power that the alternate appear-
ance and disappearance of the two contending im-
pressions ia no more recognised than the successive
observations of external objects doring the twinkling
of the eyelids. If we look, for example, at the
fagade of St. Paul's, and, without changiog our

sition, call to the mind the .celebrated view of

ont Blane from Lyons, the picture of the cathedral,
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tliough actuslly impressed upon the retina, is mo-
mentarily lost sight of by the mind, exactly like an
ohject seen bﬁ indivect vision ; and during the in.
stant the recollected image of the mountain, tower-
ing over the subjacent range, is distinetly seen, but
in a tone of subdued colouring and indistinct outline.
‘When the purpose of its recall is answered, it Quickly
disappears, and the picture of the cathedra? again
resumes the ascendency. :

Jn darkness and solitude, when external objects
ud longer interfere with the pictures of the mind,
they become more vivid and distinct; and in the
state between waking and sleeping, the intensity of
the impressions approaches to that of visible ob-
jects.  With persons of studious habits, who are
much occupied with the operations of their own
minds, the mental pictures are much more distinct
than in ordinary persons; and in the midst of ab-
stract thought, external objects even ceasn to make
any impression on the retina. A philosopher ab-
surbed in his contemplations expenences a temﬁm
yary privation of the use of his senses. His chil-
dren or his servants will enter tho room directly
before Lis eyes without being seen. They will
spezk to him without being heard; and they will
even try to rouse him from his revery without be-
ing felt; although his eyes, his ears, and his nerves,
actually receive the impressions of light, sound, and
touch. In such cases, however, the philosapher is
voluntarily pursuing z train of thought on which his
mind is dee ldyinterested: but even ordinery men,
not much ug icted to speculations of any kind, of-
ten perceive in their mind’s eye the pictures of de-
ceaned or absent friends, or even ludicrous creations
of fancy, which have no connexion whatever with
the train of their thoughts. Like spectral appari-
tions they are entirely voluntary, and though they
may have sprung from a rogular seriea of associs-
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tions, vet it is ently imposaible to discover 2
ain%le ink in the chain.

If it be true, then, that the pictures of the mind
and spectral illpeions are equally impressions upon
the retina, the latter will differ in no reapect from
the former, but in' the degree of vividness with
which they are seen ; and those frightful apparitions
become nothing more than our orgina.ry ideas, ren-
dered more brilliant by some accidental and tem-
porary derangement of the vital functions. 'Their
very vividness too, which is their only character-
istic, is capable of explanation. 1 have already
ahown that the retina is rendered more sensible to
light by voluntary local pressure, as well as by the
involun pressure of the blood.vessels behind it ;
and if, by looking at the aun, we impress upon the
reting a colonred image of that luminary, which is
seen even when the eye is shut, wo may by pres-
sure alter the colour of that image, in consequence
of having increased the sensibility of that part of
the retina on which it is impressed. Hence we
may readily understand how the vividness of the
meatal pictures must be increased by analogous
causes.

in the case both of Nicolai and Mrs. A. the im-
mediate cause of the apectres was a deranged action
of the stornach. When such a derangement is in-
duced by poison, or by substances which act as poi-
song, the retina is pecwliarly affected, and the phe- -
nomena of vision singularly changed, Dr. Patouillet
has described the case of a family of nine persons
who were all driven mad by eating the root of the
Hyoscyamus niger or black henbane. One of them
leapedy into & pond. Another exclaimed that his
neighbour would lose a cow in a month, and a third
vociferated that the crown piece of sixty pence
would in g short time rise to five lieres. On the
following day they had all recovered their senses, but
recollected nothing of what had happened. Onthe
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szme day they all saw objects double, and, what is
still more remarkable, on the third dey every object
appeared to them as red oa scorlet. Now this red
light was probably nothing more than the red phios-
phoerescence produced by the pressure of the blood-
vessels on the retina, and analogous to the masses
of Mue, green, yellow, and red light, which have been
already mentioned as produced by a similar pressure
in headaches, erising {rom a discrdered state af the
digestive organs. :

‘Were we to analyze the various phenomena of
spectral illusions, we shonld discover many circum.
stances favoursbie to these views. Io those seen
by Nicotni, the individual figures were slways
somewhat paler than natural objects. They some-
times grew more and more indistinet, and became
perfectly white; and, to use his own words, “ he
could always distinguish with the greatest preci-
sion phantasme from phenomena.” Nicolai some-
times naw the sgectren when his eyes weve shuf,
and sometimes they were thus made to disappear,—
effects perfectly identical with those whiclrl’earise
from the impressions of very luminous objects.
Sometimes the figures vanished entirely, and at
other times only pieces of them disappeared, ex-
actly conformable to what takes place with objects
seen by indirect vision, which most of those figures
must necessarily bave been.

Among the peculiarities of spectral illusions there
is one which merite particular attention; namely,
that they seem to cover or conceal objects imme.
diately beyond them. It is this circumstance more
than any other which gives them the character of
reality, and at first sight it seems difficult of ex-
planation. The distinctness of any impression on
the retina is entirely independent of the accommo-
dation of the eye to the distinct vision of external
objects. When the eye is at rest, and is not ao-
commodated to objects st aoy particular distance,
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it s in a state for seeing distant objects most per-
fectly. 'When a distinct spectyal impresaion, there-
fore, is before it, all other cbjects in it vicinity
will be seen indistinctly, for while the eye ie en-
grossed with the vision, it is not likely to accom.
racdate itself to any other object in the same di-
rection. It is quite common, too, for the eye to
see only onme of two objects actually presented to
it. A sportsman who has been in the practice of
ahooting with both his eyes open, actually sees a
double image of the muzzle of his fowling-piece,
though it is only with one of these images that he
covers his game, having no perception whatever
of the other. But there is still another principle
upon which only one of two objects may be seen
&t a time. If we look very steadily continu-
ously at a double patiern, such as those on a carpet
composed of two single patterns of different colours,
guppose red and yellow,—and if we direct the mind
particularly to the contemplation of the red one,
the green pattern will sometimes vanish entirely,
leaving the red one alone visible, and by the same
rocess the red one may be made to disappear.
this case, however, the two patterns, like the
two images, may be seen together; but if the very
same portion of the retina is excited by the direct
rays of an external object, when if is excited by a
mental impression, it can no more see them both
at the same time than a vibrating string can give
out two different fundamental sounds. It is quite
posaible, however, that the brightest parts of a
ngectrai figure may be distinctly seen zlong with
the brightest parts of an object immediately bebind
it, but then the bright parts of each object will fail
upon different parts of the retina.

These views are illustrated by a case mentioned
by Dr. Abercrombie. A geutleman, who was &
patient of his, of an irritable habit, and lizble to &
variety of uneasy sensatione in his head, was eit.
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ting alone in his dining.room in the twilight, when
the door of the room was a little open. He saw
distinctly a female figure enter, wrapped in a man-
tle, with the face concealed by a large black bon-
net. She seemed fo advance & few steps towards
him, and then stop. He had a full conviction that
the figure was an illusion of vision, and he amused
himself for some time by watching it; at the same
tinie observing that he could seel?tirough the figure
80 ag to perceive the lotk’ of the door, and other
objects behind it.* )

. If theseviews be correct the phenomena of spectral
apparitions are stripped of all their terror, whether
we view them in their supernatural character, or
as indications of bodily indisposition. Nicoiai,
even, in whose case they were accompaznied with
glarming symptoms, derived pleasure from the con-
templation of them, and he not only recovered from
the complaint in which they originated, but sur-
vived them for many years.—Mre. A., 100, who
sees them only at distant intervais, and with whom
they have but a fleeting existence, will, we trust,
soon lose her exclusive privilege, when the alight
indisposition which gives them birth hes subsided.

* 4 fnquirios tng the Inieit ! Pow, and the Fnvewth
tlmnfelsruth.' [No. xxxvli Family Library.) o bl
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LETTER IV.

Science Toed Az an Iastrmesent of Tepostore—-Deceptions with plxne
and concavp Mirrors practiasd by the Aoctenta—The bagician's Mir-
ror—Effects of cancave Mirrors—Adris! Images—Images on Brmoke—
Cambipation of Mirrorw for producing Poiures framn liviag Ohjacta—
‘the mysieriovn Degger—Ancient Miracies with conears Mirrors—
Moders Necromency with them s aecn 3y Cellini—Descripiion and
Effects of {he Magic Lantern— Tmprovements opotr it— Phanthame-
airic Exhibitione of Philipaial and nthers— Dr. Yoaag's Arrengament
of Lenses, &c., for tha P gorin—Ta] . upgested
Catadioptrical Phantosmagoria for producing the Pictnrea Crom living

. Objecis—Method of cutting off Part ol tite Figures—Kireher's myale-
rimis Handwriting on tha Wall—Eiie hollow cylindrical Mirrer Ror
adrial Images—Cyhndrical Misor for reforming distorted Pioiores—
Mirrors of variable Cutvatore for produclng Caricaliren,

In the preceding observations man appears 35 the
victim of his own delusions—as the magician un-
gble to exorcise the spirits which he has himgelf
called into being. 'We shall now see him the dupe
of preconcerted imposture—the slave of his own
ignorance—the prostrate vassal of power and su-
perstition. ¥ have aiready stated that the mon-
archs and priests of ancient times carried on a sys-
tematic plan of imposing upon their subjectis,—a
mode of government which was in perfect accord-
ance with their religious belief: but it will scarcely
be believed that the same delusions were practised
after the establishment of Christienity, and that
even the Catholic sanctuary was often the seat of
these unhallowed machinations. Nor wasit merely
the low and cumning priest who thus sought o ex-
tort money and respect {rom the most ignorant of
his flock: bishops and pontiffs themselves wielded
the magician’s wand over the diadems of kings and -
emperors; and, by the pretended exhibition of su-
pernatural power, made the mightiest potentates
of Europe trembie upon their thrones. It was the
light of science alone which dispelled this moral
and intellectual darkness, and it is entirely in con-
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sequence of its wide diffusion that we live in times
when sovereigns aeek to reign only through the
affections of their people, and when the niinister
of religion asks no other reverence but that which
is inspired by the asanctity of his office and the
purity of his character.

It was fortunate for the human race that the
scanty knowledge of former ages afforded so few
elementa of deceptlon. 'What a tremendous engine
would have been worked agminst our species by
the varied and péwerful machinery of modem sci-
ence! Manh would satill have worn the Bhackles
which it forged, and his noble spirit would stjli
have groaned beneath its fatal pressure.

There can be little doubt that the most common
a8 weil aa the most successful impositions of the
ancients were of an optical nature, and were prac-
tised by meana of plane and concave mirrors. Tt
has been clearly shown by various writers that the
ancients made use of mirrors of steel, gilver, and
a composition of copper and tin, like those now
nsed for reflecting specula. It is also very proba-
ble, from & passage in Pliny, that glass mirrors
weye made at Bidon; but it 1s evident that, unless
the object presented to them was illuminated in &
very high degree, the images which they formed
must have been very faint and vnsatisfactory, The
silver mirrors, therefore, which were universally
used, and which are superior to those made of any
other metal, are likely to have been most generally
emgloyed by the ancient magicians. They were
made to give multiplied and inverted images of ob-
jects; that is, they were plane, polygonal or many-
sided, and concave. There ia one property, how-
ever, mentioned by Aulus Gellius, which has given
unnecessary perplexity to commentators. He staten
that there were specula which, when put in a par-
ticular place, gave no images of objects, but when
carried to another p]meF recovered thair property
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of reflection.® M. Salverte is of opinion that in
quoting Varro, Aulus Gellins was not suficiently
acquainted with the subject, and erred in suppo:;gﬁ
that the phenomenon depended on the place ing
of the position of the mirror; but this criticism is
obviousty made with the view of supporting an
opinion of his own, that the property in question
roay be analogous to the phenomenon of polarised
light, which at z certain angle refuses to suffer re-
flexion from partiewdsr bodies, If this idea has
any foundation, the mirror must have been of glass,
or some other body not metallic; or, to speak
mare ‘correctly, there must have been feo such
mirrors, 80 nicely adjusted, not only to one another,
but to the light incident upon each, that the effect
could not possibly be groduced but by a philosopher
thoroughly acquainted with the modern discovery
of the polarisation of light by reflexion. Without
seeking for so profound an explanation of the phe-
nomenon, we may readily understand how a silver
mirror may instantly lose its reflecting power in a -
damp atmosphere, in consequence of the precipita~
tion of moisture upon its surface, and may imme-
diately recover it when transported into drier aijr.
One of the simplest instruments of optical decep.
iion is the plane mirror, and when $wo are com-
bined for this purpose it has been called the magi-
cian's mirror. An observer in front of a plane
mirror sees a distinct image of himself; but if two
persons take up a mirror, and if the one person is
as much to one side of a line perpendicular 1o the
middle of it as the other is to the other side, they
will see sach other, but not themselves. If we now
suppose MC, CD, NC, CD to be the partitions of
two adjaceni apariments, let square openings be
made in the partitions at A and B, about five fest
above the floor, and let them be filled with plate
bl i/ § fum in i kil Emaginet ; adis
” b ‘?}?:m‘ o 55'14.:;.;:«&“&1:3‘.‘?;%3“;’3.: :poi'&m
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ass, and surrounded with a picture-frame, 80 an to
ave the appearance of two mirrors. Place two
mirrors E, F, one behind each opening at A and B,

Feg, 3.
c . X
- . »
D

inclined 45° to the partition MN, and so large that a
person looking into the plates of glass at A and B
will not see their edges. When this is done, it is
obvious that 2 Ferson looking into the mirror A will
not see himseil, but will see any person or figure
placed at B. If he believes that he is locking into
3 common mirror at A, hisastorishment will be great
at seeing himself transformed into another person,
or into any living animal that may be placed at B.
The success of this decepticn would be preatly in-
creased if a plane mirror suspended by a pully could
be brought immediately behind the plane glass at A,
and drawn up from it at pleasure. The spectator
gt A, having previously seen himself in this move-
able mirror, would be still more astonished when he
afterward perceived in the same place a face dif-
ferent from his own. By drawing the moveabls
mirror hall up, the spectator at A might see half of
his own face joined to half of the face placed 2t B;
but in the present day the most ignorant persons are
se familiar with the properties of a looking-glass
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that it would be yery difficult to employ this kind of
deception with the same success which must have
attended it in a more illiterate age. The aptical
reader will easily see that the mirror F and the
apartment NCD are not absolutely necessary for
carrying on thisdeception ; for the very same effects
will be produced if the person at B is stationed at
G, and looks towards the mirror F in the direction
GF. As the mirror F, however, must be placed as
near to A as possibbe, the person at G would be too
near the partition CN, unless the mirror F was ex.
tremely large.

The effect of this and every similar deception #
. greatly increased when the persons are illaminated

with a strong light, and the rest of the apartment
as dark as possible ; but whatever precautions are
taken, and however skilfu{l.g plane mirrors are com-
bined, it iy not easy to produce with them any very
successful illusions.

The concave mirror is the staple ipshument of
the magician’s cabinet, and must always perform a
principal part in all optical combinafions. * 1n orde
to be quite perfect, every concave mirror shoul
have its surface elliptical, 50 that il any object is
placed in one focus of the ellipse, ar inverted image
of it will be formed in the other focus. ‘This image,
to a spectator rightly placed, appears suspended in
the air, 80 that if the mimor a.ncf the object are hid
from his view, the effect must appear to hirn almost
supernatural.

e mothod of exhibiting the effect of concave
mirrors most advantageous ty is shown in Fig. 4,
where CD is the partition of a room haying in it a
square opening EF, the centre of which 1s about
five feet above the floor. This opening might be
surrounded with a picture-frame, and a painting
which exactly filled it might be so connected with a
pulley that it' could be either slipped aside, or raised
50 as to leave the frame emply. A large conciyve
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mirror MN is then placed in another spariment, so
that when eny object is placed at A, a distinct im
of it may be formed in the centre of the opening EF.

Fig. 4.

';

Let us suppose this object to be a plaster cast of
any object yaade as white e possible, and placed
in an snverfed position at A. A strong Lghi should
then be thrown upon it by a powerful lamp, the
rays of which are prevented Irom resching the
opening EF. "When this is done, & spectator placed
at O wili see an erect image of the statue at B the
ceatre of the opening—standing in the air, and dif-
fering from the real siatue only in being a little
larger, while the apparition will be wholly invisible
to other spectators placed at 2 little distance on each
side of him.

1f the opening EF is filled with smcke rising
either from a chafing-dish, in which incense is burnt,
ar made to issue in clouds from some cpening be-
low, the image will appear in the middle of the
smoke depicted upon it asupon 2 ground, and capa-
ble of being seen by those spectators who could
oot see the image in the air. The rays of light, in
Place of proceeding wit%out obetruction 10 an eye

2
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at O, are rpflected, as it wern, from those minnta
particles of which the smoke ig composed, in the
same manner as a beam of light is rendered more
visible by passing through an apartment filled with
dust or amoke.

It has long been a favourite experiment to place
at A a white and strongly iliuminated human scull,
and to exhibit an image of it amid the smoke of a
chafing.dish at B; bui a more terrific effect would
be groduced if = small gkeleton, suspended by in-
visible wires, were placed as an pbject at A. Iis
imaie suspended in the air at B, or painted upon.
smoke, could not fail to astonish the spectater. - -

«The difficuity of placing a living person in an
inverted position, as an object at A, has no doubt
prevented the optical copjurer frem availing him-
self of so admirable z resource ; bui this difficulty
may be rermoved by employing a second concave
nairror. ‘This second mirror must be so placed as
to reflect towards MN the rays proceeding from an
erect living object, and fo form an inverted image
of {his object at A. An erect image of this inverted
image will then be formed at B, either suspended
in the air or depicted upon a wreatk of smoke. This
aerial image will exhidbit the precise form and col-
ours and movements of the living object, and it will
maintain its character as an apparition if any attempt
}abm_ade by the spectator o grasp its unsubstantial
abric.

A deception of an alarming kind, called the mys-
terious dagger, hias been long a favourite exhibition,
If a person with a drawn and highly polished dagger,
illuminated by a stropg light, stands a little farther
from a concave mirror than its principal focus, he
will perceive in the air between himself and the
mirrer, an inverted and diminished imape of his
own person with the dagger similarly brandished :
#f he aims the dagger at the centre of the mirror's
eancavity, the two daggers will meet point to point,
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and, by pushing it still farther from him towsrds
the mirror, the imaginary dagger will strike at his
heart. In this case it is necessary that the direc-
tion of the real dagger coincides with s diameter
of the sphere of which the mirror is a part; but if
:-11’.8 directiorn Iils on one sidéa of thatndiameter, the

irection of the imagi r will be as far on
the other side of tﬂge&ﬁ?ﬁmd the latter will
aim 8 blow &t any person who is placed in the

roper position for receiving it. If the person who

ars {he real dagyer is therefore placed behind a
screen, or otherwise concealed from the view of

‘the mpactator who ia made to approach to the place

of the image, the thrust of the polished steel at his
breast will not fail to produce a powerful impres-
sion. The effect of this experiment would no
doubt be inereased by covering with black cloth the
raon whe holds the dagger, so that the image of
is hand only should be seen, as the inverted pip-
ture of him would take away from the reality of
the appearance. By using two mirrors, indeed, this
defect might be remedied, and the spectator would
witness an exact image of the assassin aiming the

d.a.gﬁr at his life.

The common way of making this experiment is
to place a basket of fruit above the dagger, so that
8 distinct aerial image of the fruit is formed in the
focus of the mirror. The spectator, having been
desired to take some fruit {rom the basket, a
proaches for that purpose, while a person proper
concealed withdraws the real basket of fruit wit
one hand, and with the other advances the dagger,
the image of which, being nc longer covered by
the fruit, strikes at the body of the astonished spec- .
tator.

The powers of the concave mirror have been like-
wise displayed in exhibiting the apparition of an ab-
sent ordeceased friend. For this purpose a strongly
illurninated bust or picture of the porson is placed
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before the concave mirror, and a distinet image of
the picture will be seen either in the air or among
smoke in the manner already deseribed. If the
background of the picture is temporarily covered
with lamp-black, go that there is no light about the
Eiecture but what falls upon the figure, the effect will
more complete. )
Ag in ali experiments with concave mirrors, the
size of the aerial image is to that of the real object
as their distances from the mirror, we may, by vary-
ing the distance of the object, increase or diminish
the size of the image. In doing this, however, the
distance of the image from the mirror s atthesame
time changed, so that it would quit the place most
suitable for its exhibition. This defect may be re-
moved by simnltaneously changing the place both
of the mirror and the object, so that the image may
remain stationary, expanding itself from aluminoua
apot to a gigantic size, and again passing through all
infu‘almﬁediate magnitudes, till it vanishes in a cloud
of light. .
’[‘hg;ose who have studied the effects of concave
mirrors of a small size, and without the precautions
necessary to ensure deception, cannot form any idea
of the magical effect produced by this class of op-
tical apparitions. When the instruments of illusion
are themselves concealed,—when all extraneous
lights but those which illuminate the real object are
excluded,—when the mirrors are large and well
polished and truly formed,~—the effect of the repre-
sentation on ignorant minds is altogether overpower-
ing, while even those who know the deception, and
yerfectly understand its principles, are not a little
" murprised at its effects. The inferiority in the effects
of 2 common concave mirror to that of a well ar-
ranged exhibition is greater even than that of a
perspective picture hanging in an apartment, to the
~same picture exhihited under all the imposing ac-
companiments of a dioramic represeatation.
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It can scarcely be doubted, that a concave mirror
was the principal instrument by which the heathen
ﬂ)da were made to appear in the ancient temples.

the imperfect accounts which have reached ua
of theee apparitions, we can trace all the elements
of an optical illusion. In the sncient temple of
Hercules at Tyre, Pliny mentions that there was a
seat made of aconsecrated stone, * from which the
gods easily rose.” Esculapius often exhibited him-
self to his worshigpers in his temple at Tarsus;
and the temple of En%:.l.inum in Sicily was celebrated
a8 the place whgte the goddesses exhibited them-
e s. Jamblichus actuaily informs us,
that the ancient magicians caused the gods to appear
among the vapours disengaged from fire; and when
the conjurer Maximus terrified his audience by
making the statue of Hecate laugh, while in the
middle of the smoke of burning incense, he was
obviously dealing with the image of & living chject
dressed in the costume of the sorceress.

The character of these exhibitions in the ancient
temples is 8o admirably depicted in the following
passage of Damascius, quoted by M, Salverte, that
weo recognise all the optical effects which have been
already described. “In a manifestation,” says he,
“which ought not to be revealed...... there a
peared on the wall of the temple a mass of light
which at first seemed to be very remote; it trans-
formed itself, in coming mnearer, into a face evi-
dently divine and supernatural, of a severe aspect,
but mixed with gentleness, and extremely beautiful.
According to the institutions of a2 mysterious re-
ligion the Alexandrians honoured it as Osiris and
Adonis.”

Among mors modern examples of this illusion,
we may mention the case of the Emperor Basil of
Macedonia. Inconsolable at the loss of his son,
this sovereign had recourse to the prayers of the
pontif Theodore Bantabaren, who was celebrated
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for his power of working miracles. The ecclesias-
tical conjurer exhibited to him the image of his be-
loved son magnificently dressed and mountied upon
a superh charger: the youth rushed towards his
father, threw himself into his arms, and disappeared.
M. Salverte judiciously observes, that this deception
could not have been performed by a real person,
who imitated the figure of the young prince. The
existence of this person, batrayed by so remarkable
a resemblance, and by the trick of the exhibition,
could not fail to have been discovered and denounced,
even if we could explain how thewon could be so
instantaneously disentangled from his-fethes's-cm-
brace. The emperor, in short, saw the aerial image
of a picture of his son on horseback, and as the
picture was brought nearer the mirror, the image
advanced into his arms, when it of conras eluded
his affectionate graaaﬁbl.

These and other allusions to the operations of the
ancient magic, though sufficiently indicative of the
methods which were employed, are too teager to
convey any idea of the splendid and imposing ex~
hibitions which must have been displayed. A na-
tional system of deception, intended as an instry-
ment of government, must have brought into requi-
gition, not merely the scientific skill of the age, but
8 variety of subsidiary contrivances, calculated to
astonish the beholder, to confound his judgment, to
dazzle his senses, and to give a predominant influ-
ence to the peculiar imposature which it was thought
desirable to establish. The grandeur of the means
may be inferred from their efficacy, and from the
extent of their influence,

This defect, however, is to a certain degree sup-
Elied bry an account of 3 modern necromancy, which

as been left us by the celebrated Benvenuto Cel--

lini, and in which he himself performed an active
part.
“ It happened,” saye he, “ through a variety of odd

»
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accidents,.that I made acquaintance with a Sicilian
priest, who was a man of genius, and well versed
In the Latin and Greek authors. Happening one
day to have some conversation with him, when the
subject turned upon the art of necromancy, I, who
had a great desire to know something of the matter,
told him that I had all my life felt a curiosity to be
acquainted with the mysteries of this art.

% The priest made answer, ¢ That the man must
be of a resolute and steady temper who enters upon
that study.” 1replied, ¢ that1had fortitude and reso-
lution enough, if I could but find an opportunity.’
The priest subjoined, ‘If you think you have the
heart to venture, 1 will give you all the satisfaction
you can desire.” Thus we agreed to enter upon a
plan of necromancy. The priest one evening pre-
pared to satisfy me, and desired me to look out for
a companion or two. I invited one Vincenzio Ro-
moli, who was my intimate acquaintance: he brought
with him a native of Pistoia, who cultivated the
black art himself. We repaired to the Colosseo,
and the priest, according to the custom of necro-
mancers, began to draw circles upon the ground, with
.the most impressive ceremonies imaginable : he like-
wise brought hither asafcetida, several precious per-
fumes, and fire, with some compositions also, which
diffused noisome odours. As soon as he was in
readiness he made an opening to the circle, and hav-
ing taken us by the hand, ordered the other necro-
mancer, his partner, to throw the perfumes into the
fire at a proper time, intrusting the care of the fire
_and perfumes to the rest ; and thus he began his in-
cantations. This ceremony lasted above an hour
.and a half, when there appeared several legions of
devils, insomuch that the amphitheatre was quite
filled with them. I was busy about the perfumes,
when the priest, perceiving there was a considerable
number of infernal spirits, turned to me and said,
.SBenvenuto, ask them something.” 'Ianswered, ‘Let
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“ He thus requested me to stand resolutely by
him, because the legions were now above a thousand
more in number than he had designed ; and besides,
these were the most dangerous ; so that, after they
had answered my question, it behooved him to be
civil to them, and dismiss them quietly. At the
same time the boy under the pintaculo was in a
terrible fright, saying that there were in that place
2 million of fierce men, who threatened to destroy
us ; and that moreover, four armed giants of enor-
mous stature were endeavouring to break into our
circle. During this time, while the necromancer,
trembling with fear, endeavoured by mild and gentle
methods to dismiss them in the best way he could,
Vincenzio Romoli, who quivered like an aspen leaf,
took care of the perfumes. Though I was as much
terrified as any of them, I did my utmost to conceal
the terror I felt; so that I greatly contributed to
inspire the rest with resolution ; but the truth is, I
gave myself over for a dead man, seeing the horrid
fright the necromancer was in. The boy placed
his head between his knees and said, ‘ In this posture
will I die; for we shall all surely perish.’ I told him
that all these demons were under us, and what he
saw was smoke and shadow ; so bade him hold u
his head and take courage. No sooner did he loo
up than he cried out, ¢ The whole amphitheatre is
burning, and the fire is just falling upon us.” So
covering his eyes with his hands, he again exclaimed,
¢ that destruction was inevitable, and desired to see
no more.’ The necromancer entreated me to have a
good heart, and take care to burn proper perfumes ;
uFon which I turned to Romoli, and bade him burn
all the most precious perfumes he had. At the same
time, I cast my eye upon Agnolino Gaddi, who was
terrified to such a degree that he could scarce dis-
tinguish objects, and seemed to be half-dead. See-
ing him in this condition, I said, * Aﬁnolino, upon
these occasions a man should not yield to fear, but

G
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should stir about and give his assistance ; so come
directly and put on some more of these.” The ef-
fects of poor Agnolino’s fear were overpowering.
The boy, hearing a crepitation, ventured once more
to raise his head, when, seeing me laugh, he began
to take courage, and said, ‘ That the devils were flying
away with a vengeance.’

“ In this condition we staid till the bell rang for
morning prayers. The boy again told us that there
remained but few devils, and these were at a great
distance. When the magician had performed the
rest of his ceremonies, he stripped off his gown, and
took up a wallet full of books which he had brought
with him.

“ We all went out of the circle together, keeping
as close to each other as we possibly could, espe-
cially the boy, who had placed himself in the middle,
holding the necromancer by the coat, and me by
the cloak. As we were going to our houses in the
quarter of Banchi, the boy told us that two of the
demons whom we had seen at the amphitheatre
went on before us leaping and skipping, sometimes
running upon the roofs of the houses, and some-
times upon the ground. The priest declared, that
though he had often entered magic circles, nothing
so extraordinary had ever happened to him. As
we went along, he would fain persuade me to assist
with him at consecrating a brook from which, he
said, we should derive immense riches ; we should
then ask the demons to discover to us the various
treasures with which the earth abounds, which
would raise us to opulence and power; but that
these love affairs were mere follies, from whence
no good could be expected. I answered, ¢ That I
would readily have accepted his proposal, if 1 un-
derstood Latin.” He redoubled his persuasions,
assuring me that the knowledge of the Latin lan-
guage was by no means material. He added, that
he could have Latin scholars enough if he had
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thought it worth while to look out for them, but
that he could never have met with a partner of reso-
lution and intrepidity equal to mine, and that I
should by all means follow his advice. While we
were engaged in this conversation, we arrived at
our respective houses, and all that night dreamed
of nothing but devils.”

It is impossible to peruse the preceding descrip-
tion without being satisfied that the legions of devils
were not produced by any influence upon the ima-
ginations of the spectators, but were actual optical
phantasms, or the images of pictures or objects
produced by one or more concave mirrors or lenses.
A fire is lighted, and perfumes and incense are burnt,
in order to create a ground for the images, and the
beholders are rigidly confined within the pale of
the magic circle. The concave mirror and the ob-
jects presented to it having been so placed that
the persons within the circle could not see the
aerial image of the objects by the rays directly re-
flected from the mirror, the work of deception was
ready to begin. The attendance of the magician
upon his mirror was by no means necessary. He
took his place along with the spectators within the
magic circle. The images of the devils were all
distinctly formed in the air immediately above the
fire, but none of them could be seen by those
within the circle. The moment, however, that per-
fumes were thrown into the fire to produce smoke,
the first wreath of smnoke, that rose through the
place of one or more of the images, would reflect
them to the eyes of the spectator, and they could
again disappear if the wreath was not followed by
another. More and more images would be ren-
dered visible as new wreaths of smoke arose, and
the whole group would appear at once when the
smoke was uniformly diffused over the place occu-
pied by the images.

The “composition which diffused noisome odours”
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was intended to intoxicate or stupify the specta-
tors, 8o as to increase their liability to deception,
or to add to the real phantasms which were before
their eyes others which were the offspring only of
their own imaginations. It is not easy to gather
from the description what parts of the exhibition
were actually presented to the eyes of the specta-
tors, and what parts of it were imagined by them-
selves. It is quite evident that the boy as well as
Agnolino Gaddi were so overpowered with terror
that they fancied many things which they did not
see; but when the boy declares that four armed
giants of an enormous stature were threatening to
break into their circle, he gives an accurate de-
scription of the effect that would be produced by
pushing the figures nearer the mirror, and then
magnifying their images, and causing them to ad-
vance towards the circle. Although Cellini de-
clares that he was trembling with fear, yet it is
quite evident that he was not entirely ignorant of
the machinery which was at work ; for in order to
encourage the boy, who was almost dead with fear,
he assured him that the devils were under their
power, and that *what he saw was smoke and
shadow.”

Mr. Roscoe, from whose Life of Cellini the pre-
ceding description is taken, draws a similar conclu-
sion from the consolatory words addressed to the
boy, and states that they * confirm him in the be-
lief that the whole of these appearances, like a
Phantasmagoria, were merely the effects of a magic
antern produced on volumes of smoke from various
kinds of burning wood.” In drawing this conclu-
sion, Mr. Roscoe has not adverted to the fact that
this exhibition took place about the middle of the
16th century, while the magic lantern was not in-
vented by Kircher till.towards the middle of the
17th century; Cellini having died in 1570, and Kir-
cher having been born in 1601. There is no doubt
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that the effects described cowld be produced by this
inatrument, but we are not entitled to have reconrse
to any other means of explanation but those which
were known to exist at the time of Cellinl. 1f we
suppose, however, that the necromancer either had
a vegular magic lantern, or that he had fitted up
his cancave mirror in a box containing the figures
of his devils, and that this box with its lights was
carried home with the party, we can easily account
for the declaration of the boy, * that, as they were
going hame to their houses in the quarter of Banchi,
two of the demons whom we had seen at the amphithes.
tre went on before ws leaping and skipping, sometimes
running upon the roofs of the houses, and sometimes
upon the grownd.”

The introduction of the magic lantern as an
opticzl instrument supplied the magicians of the
17th century with ¢ne of their most valuable tools,
The use of the concave mirror, which does not ap-
pear to have been even put up inta the form of an
instrument, required a separate apartment, or at
least that degree of concealment which it was dif-
ficult en ordinary occasions to command ; but the
magic lantern, containing in a small compass its
lamp, its lenses, and its sliding figures, was pecu-
liarly fitted for the itinerant conjurer, who had nei-
ther the means of providing 2 less portable and more
expensive apparatus, nor the power of transporting
and erecting it.

The magic luntern shown in the annexed figure
consists of a durk lantern AB, containing a lamp
G, and & concave metallie mirror MN; &nd it is so
constructed, that when the lamp is lighted not a
ray of light is able te escape from it. JInto the side
of the lantern is fitted a double tube CD, the outer
hall of which D {s capable of moving within the
other hall. A large plano-convex lens C is fixed
at the inner end of the double tube, and a small
convex lens D at the oéxter end ; and to the fixed

2
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tube CE there is joinred a groove EF, in which
the aliders containing the painted objecis are placed,
and through which they can be moved. Each slider
contains a series of figures or pictures pajnted on

glass with highly transparent colours. 'The direct
light of the lamp G, and the light reflected from
the mirror MN, falling upon the illuminating lens
C, is concentrated by it so as to_throw a brilliant
light upon the painting on the slider, and as this
ainting ia in the conjugate focus of the convex lens
f), a magnified image of it will be formed on a
white wall or a white cioth placed at PQ. 1If the
lens D is broyght nearer to EF, or to the picture,
the distinct image will be more magnified, and will
be formed at a greater distance from D, so that if
there is any particular distance of the image which
is more convenient than another, or any particular
gize of the object which we wish, it can be obtained
by varying the distance of the lens D from EF.
‘When the image is received on an opague ground,
as is commonly the case, the apectators are placed
in the same room with the lantern; but for the
purposes of deception, it would be necessary t@
place the lantern in another apartment, like theg
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mirrar in Fig. 4, and to throw the magnified pic-
tures on a large plate of ground glass, or a trans-
parent gauze screen, stretched across an opening
EF, Fig. 4, made in the partition which separates
the spectators from the exhibiter. The images
might, like those of the concave mirror, be received
upon wreaths of smoke. These images are of
course always inverted in reference to the position
of the painted objects; but in order to render them
really erect, we have only to invert the sliders.
The representations of the magic lantern never fail
to excite a high degree of interest, even when ex-
hibited with the ordinary, apparatus; but by using
double sliders, and varying their movements, very
- striking effects may be produced. A smith, for ex-
ample, is made to hammer upon his anvil,—a figure
is thrown into the attitude of terror by the intro-
duction of a spectral apparition,—and a tempest at
sea is imitated, by having the sea on one slider,
and the ships on other sliders, to which an undula-
tory motion is communicated.

The magic lantern is susceptible of great im-
provement in the painting of the figures, and in the
mechanism and combination of the sliders. A painted
figure which appears well executed to the unas-
sisted eye becomes a mere daub when magnified
50 or 100 times; and when we consider what kind
of artists are employed in their execution, we need
not wonder that this optical instrument has degen-
erated into a mere toy for the amusement of the
young. Unless for public exhibition, the expense
of exceedingly minute and spirited drawings could
not be afforded; but I have no doubt that if such
drawings were executed, a great part of the ex-
pense might be saved by engraving them on wood,
and transferring their outline to the glass sliders.

A series of curious representations might be ef-
fected by inserting glass plates containing suitable
figures in a trough having two of its sides parallel,

-
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and made of plate glass. The trough must be in-
troduced at EF, so that the figure on the glass is
at the proper distance from the object lens D.
‘When the trough is filled with water, or with any
transparent fluid, the picture at PQ will be seen
with the same distinctness as if the figure had been
introduced by itself into the groove EF; but if any
transparent fluid of a different density from water
is mixed with it, so as to combine with it quickly
or slowly, the appearance of the figure displayed at
PQ will undergo singular changes. If spirits of
wine, or any ardent spirit, are mixed with the
water, so as to produce ghroughout its mass par-
tial variations of density, the figure at PQ will be,
as it were, broken down into a thousand parts, and
will recover its continuity and distinctness when
the two fluids have combined. If a fluid of less
density than water is laid gently upon the water,
s0 as to mix with it gradually, and produce a regu-
lar diminution of density downwards, or if saline
substances soluble in water are laid at the bottom
of the trough, the density will diminish upwards,
and the figure will undergo the most curious elonga-
tions and contractions. Analogous effects may be
produced by the application of heat to the surface
or sides of the trough, so that we may effect at
the same time both an increase and a diminution
in the density of the water, in consequence of
which the magnified images will undergo the most
remarkable transformations. It is not necessary to
place the glass plate which contains the figure
within the trough. It may be placed in front of it,
and by thus creating, as it were, an atmosphere with
local variations of density, we may exhibit the
phenomera of the mirage and of looming, in which
the inverted images of ships and other objects are
seen in the air, as described in another Letter.
The power of the magic lantern has been greatly
extended by placing it on one side of the transpa-

/
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rent screen of taffetas which receives the images,
while the spectators are placed on the other side,
and by making every part of the glass sliders
opaque, excepting the part which forms the figures.
Hence gll the figures appear luminous on a black
ground, and produce a much greater effect with the
same degree of illumination. An exhibition de-
pending on these principles was brought out by M.
Philipstal in 1802, under the name of the Phantas-
magoria, and when it was shown in London and
Edinburgh it produced the most impressive eflects
upon the spectators. The small theatre of exhibi-
tion was lighted only by one hanging lamp, the
flame of which was drawn up into an opaque chim-
ney or shade when the performance began. In
this “darkness visible” the curtain rose, and dis-
played a cave with skeletons and other terrific fig-
ures in relief upon its walls. The flickering light
was then drawn up beneath its shroud, and the
spectators in total darkness found themselves in the
middle of thunder and lightning. A thin transpa-
rent screen had, unknown to the spectators, been
let down after the disappearance of the light, and
upon it the flashes of lightning and all the subse-
quent appearances were represented. This screen,
being half-way between the spectators and the cave
which was first shown, and being itself invisible,
prevented the observers from having any idea of
the real distance of the figures, and gave them the
entire character of aerial pictures., The thunder
and lightning were followed by the figures of ghosts,
skeletons, and known individuals, whose eyes and
mouth were made to move by the shifting of com-
bined sliders. After the first figure had been ex-
hibited for a short time, it began to grow less and
less, as if removed to a great distance, and at last
vanished in a small cloud of light. Out of this
same cloud the germ of another figure began to ap-
pear, and gradually grew larger and larger, and ap-
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proached the spectators till it attained its perfect
development. In this manner, the head of Dr.
Franklin was transformed into a scull; figures
which retired with the freshness of life came back
in the form of skeletons, and the retiring skeletons
returned in the drapery of flesh and blood.

The exhibition of these transmutations was fol-
lowed by spectres, skeletons, and terrific figures;
which, instead of receding and vanishing as before,
suddenly advanced upon the spectators, becoming
larger as they approached them, and finally vanished
by appearing to sink into the ground. The effect
of this part of the exhibition was naturally the
most impressive. The spectators were not only
surprised but agitated, and many of them were of
opinion that they could have touched the figures.
M. Robertson at Paris introduced along with his
pictures the direct shadows of living objects, which
imitated coarsely the appearance of those objects
in a dark night or in moonlight.

All these phenomena were produced by varying
the distance of the magic lantern AB, Fig. 5, from
the screen PQ, which remained fixed, and at the
same time keeping the image upon the screen dis-
tinct by increasing the distance of the lens D from
the sliders in EF. When the lantern approached
to PQ, the circle of light PQ, or the section of
the cone of rays PDQ, gradually diminished, and
resembled a small bright cloud, when D was close
to the screen. At this time a new figure was put
in, so that when the lantern receded from the
screen, the old figure seemed to have been trans-
formed into the new one. Although the figure was
always at the same distance from the spectators,
yet, owing to its gradual diminution in size, it ne-
cessarily appeared to be retiring to a distance.
‘When the magic lantern was withdrawn from PQ,
and the lens D at the same time brought nearer to
EF, the image in PQ gradually increased in size,
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on its wheels, the rod IK brings down the point
K, and, by means of the rod KL, pushes the lens D
nearer to the sliders in EF, and when the car ad-
vances to PQ, the point K is raised, and the rod
KL draws out the lens D from the slider, so that
the image is always in the conjugate focus of D,
and therefore distinctly painted on the screen.
The rod KN must be equal in length to IK, and
the point I must be twice the focal length of the
lens D before the object, L being immediately under
the focus of the lens. In order to diminish the
brightness of the image when it grows small and
appears remote, Dr. Young contrived that the
support of the lens D should suffer a screen S to
fall and intercept a part of the light. This method,
however, has many disadvantages, and we are sat-
isfied that the only way of producing a variation in
the light corresponding to the variation in the
size of the image is to use a single illuminating
lens C, and to cause it to approach EF, and throw
less light upon the figures when D is removed from
EF, and to make C recede from EF when D ap-
proaches to it. The lens C should therefore be
placed in a mean position corresponding to a mean
distance of the screen and to the ordinary size of
the figures, and should have the power of being
removed from the slider EF, when a greater inten-
sity of light is required for the images when they
are rendered gigantic, and of being brought close
to EF when the images are made small. The size
of the lens C ought of course to be such that the
section of its cone of rays at EF is equal to the size
of the figure on the slider when C is at its greatest
distance from the slider.

The method recommended by Dr. Young for pull-
ing out and pushing in the object lens D, according
as the lantern approaches to or recedes from the
screen, is very ingenious and effective. It is how-
ever clumsy in itself, and the connexion of the
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levers with the screen, and their interposition be-
tween it and the lantern, must interfere with the
operations of the exhibiter. It is, besides, suited
only to short distances between the screen and the
lantern; for when that distance is considerable, as
it must sometimes require to be, the levers KI,,
KI, KT would bend by the least strain, and be-
come unfitted for their purpose. For these reasons,
the mechanism which adjusts the lens D should be
moved by the axle of the front wheels, the tube
which contains the lens should be kept at its great-
est distance from EF by a slender spring, and
should be pressed to its proper distance by the ac-
tion of a spiral cam suited to the optical relation
betweenthetwo conjugate focal distances of thelens.

Superior as the representations of the phantas-
ma%oria are to those of the magic lantern, they are
still liable to the defect which we have mentioned,
namely, the necessary imperfection of the minute
transparent figures when magnified. This defect
cannot be remedied by employing the most skilful
artists. Even Michael Angelo would have failed in
executing a figure an inch long with transparent
varnishes, when all its imperfections were to be
magnified. In order, therefore, to perfect the art of
representing phantasms, the objects must be living
ones, and in place of chalky ill-drawn figures mim-
icking humanity by the most absurd gesticulations,
we shall have phantasms, of the most perfect de-
lineation, clothed in real drapery, and displaying all
the movements of life. The apparatus by which
such objects may be used may be called the catadi-
?trical phantasmagoria, as it operates both by re-

ection and refraction.

The combination of mirrors and lenses which
seems best adapted for this purpose is shown in
Fig. 7, where AB is a living figure placed before
a large concave mirror MN, by means of which a
diminished and inverted. image of it is formed at
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ab. If PQ is the transparent screen upon which
the image is to be shown tc the spectaters on the
right-hand of if, a large lens LI must be so placed

Fig. 1.

before the image ab as to form a distinct and erect
pictore of it al A'B’ upon the screen. When the
tmaze A'D’ is required to be the exact size of AB,
the lens LI must magnify the small image ab a8
much as the mirror MN diminishes the fgyre
AB. The living object AB, the mirror MN, znd
the lens L1 must all be placed in a moveable car
for the purpose of producing the variations in the
size of the phantasms, and the transformations of
one fgure into another. The contrivance for ad-
justing the lens LL tc give a distinet picture at
different distancea of the screen will of course be
required in the present apparatus. In order to give
full effect to the phantusms, the living objects at
AB will require to be illuminated in the strongest
manner, and should always be dressed either in white
-or in very luminous colours, and in order to g‘ive
them reliel a black cloth shouid be stretched at
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some distance behind them. Many interesting ef-
fects might also be produced by introducing at AB
. fine paintings and busts.

1t would lead us into too wide a field were we to
detai! the immense variety of resources which the
science f optics furnishes for such exhibitions.
One of these, however, is too useful to be passed
without notice. If we interpose a prism with a
small refracting angle between the image ab, Fig.
7, and the lens LL, the part of the figure imme-
diately opposite to the prism will be, as it were, de-
tached from the figure, and will be exhibited sepa-
rately on the screen PQ. Let us suppose that
this part is the head of the figure. It may be de-
tached vertically, or lifted from the body as if it
were cut off, or it may be detached downwards and
placed on the breast as if the figure were deformed.
In detaching the head vertically, or laterally, an
opaque screen must be applied, to prevent any part
of the head from being seen by rays which do not
pass through the prism; but this and other practical
details will soon occur to those who put the method
to an experimental trial. The application of the
prism is shown in Fig. 8, where gb is the inverted
image formed by a concave mirror, ABC a prism
with a small refracting angle BCA, placed between
ab and the lens LL, s a small opaque screen, and
AP the figure with its head detached. A hand
may bc made to grasp the hair of the head, and the
aspect of death may be givento it, asif it had been
newly cut off. Such a representation could be
easily made, and the effect upon the spectators would
be quite overpowering. The lifeless head might
then be made to recover its vitality, and be safely re-
placed upon the figure. If the head A of the living
object AB, Fig. 7,is covered with black cloth, the
head of a person or of an animal placed above A
might be set upon the shoulders of the figure AB
by the refraction of a prism.
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When the figure ab, Fig. 8, is of very small di-
mensions, as in the magic lantern, a small prism of
glass would answer the purpose required of it ; but

in public exhibitions, where the images abmust be
of & considerable size, if formed by a concave mir-
ror, a very large prism would be necessary. This,
however, though impracticable with solid glass may
be easily obtained by means of two large pieces of
plate glass made into a prismatic vessel and filled
with water. Two of the glasses of a carriage win-
dow would make a prism capsble of doubling the
whole of the busi of a living person placed as an
object at AB, Fig. 7, so that two - perfecily similar
phantasme might be exhibited. In those cases
where the images before the lens LL are small,
they may be doubled and even tripled by inter-
osing a well prepared plate of calcareous spar, that
1s, crossed by a thin film. These images would
possess the singular character of being oppositely
coloured and of changing their distances and their
colours by slight variations in the positions of the
plate.*
In order to render the images which are formed
by the gla.as and water prisms as perfect as possible,
it would be easy to make them achromatic, and the

* Se¢ Epie, Bxcycroreora, Art. OPTics, vol. av, p. 011,



KIRCHER'S MYSTERIOUS HMANDWRITING, 80

figures might be multiplied to any extent by using
several prisms, having their refracting edges parallel,
for the purpose of giving a similarity of position to
all the images.

Among fhe instruments of natural magic which
were in use at the revival of gcience, there was one
invented by Kircher for exhibiting the mysterious

hardwriting on the wall of an apartment from which
the magician and his apparztus were excluded. The
annexed figure represents this apparatus, as given
by Schottus. The apartment in which the specta-
tors are placed is between LL and GH, and thereis
an open window in the side next LL, GH being
the inside of the wall opposite to the window. Upon
the face of the plane specunlum EF are written the
words o be introduced, and when & lens LL is placed
at such a distance from the speculum, and of such
a focal length that the letters and the place of their
representation are in its conjugate foci, a distinct
image of the writing will be exhibited on the wall
at GH. The letters on the apeculum are of course
inverted as seen at EF, and when they are illumi.
nated by the sun's rays S, as shown in the figure, a
distinct image, a2s Schottus assures us, may be
formed at the distance of 500 feet. In this experi-
ment the spectlum is by no means neceasari{'}. Ir
the letters are cut out ostn opaque card, and illumi-
2
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nated by the light of the sky in the day,or by a
lamp during night, their delineation on the wall
would be equally distinct. In the daytime it would
be necessary to place the letters at one end of a
tube or oblong box, and the lens at the other end.
As this deception is performed wlien the spectators
are unprepared for any such exhibition, the warning
written in luminous letters on the wall, or any word
associated with the fate of the individual observer,
could not fail to produce a singular effect upon his
mind. The words might be magnified, diminished,
multiplied, coloured, and obliterated, in a’cloud of
light, from which they might again reappear by the
methods already deseribed as applicable to the magic
lantern. )

The art of forming aerial representations was a
great desideratum among the opticians of the 17th
century. Vitellio and others had made many un-
successful attempts to produce such images, and the
speculations of Lord Bacon on the subject are too
curious to be withheld from the reader.

“ It would be well bolted out,” says he, “ whether
great refractions may not be made upon reflections,
as well as upon direct beams. For example, take
an empty basin, put an angel or what you will into
it ; then go so far from the basin till you cannot see
the angel, because it is not in a right line ; then fill
the basin with water, and you shall see it out of its
place, because of the refraction. To proceed, there-
fore, put a looking-glass into a basin of water. I
suppose you shall not see the image in a right line
or at equal angles, but wide. I know not whether
this experiment may not be extended, so as you
might see the image and not the glass, which, for
beaut{ and strangeness, were a fine proof, for then
you should see the image like a spirit in the air.
As, for example, if there be a cistern or pool of
water, you shall place over against it the picture
of the devil, or what you will, so as that you do not
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stances. Although Kircher does not mention it, yet
it is manifest that the original figure AB must have
been a deformed or anazmorphous drawing, in order
to give 4 reflected image of just proportions. We
doubt, indeed, if the representation or the figure was
ever exhibited. It is entirely incompatible with the
laws of reflection.

Among the ingenious and beautiful deceptions of
the 17th century, we must emumerate that of the

Fig. 11.

reformation of distorted pictures by reflection from
cylindrical and conical mirrors. Inthese represent-
ations the original image from which a perfect pic-
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ture is produced is often so completely distorted,
that the eye cannot trace in it the resemblance to
any regular figure, and the greatest degree of wonder
is of course excited, whether the original image is
concealed or exposed to view. These distorted pic-
tures may be drawn by strict geometrical rules;
but I have shown in Fig. 11 a simple and practical
method of executing them. Let MN be an accurate
cylinder made of tin-plate or of thick pasteboard. Out
of the farther side of it cut a small aperture abed;
and out of the nearer side cut a larger one ABCD,
the size of the picture to be distorted. Having per-
forated the outline of the picture with small holes,
place it on the opening ABCD so that its surface
may be cylindrical. Let a candle or a bright lumi-
nous object, the smaller the better, be placed at S,
as far behind the picture ABCD as the eirle is after-
ward to be placed before it, and the light passing
through the small holes will representon a hori-
zontal plare a distorted image of the picture A'B’
€D’ which when sketched in outline with a pencil,
and shaded or coloured, will be ready for use. If

Fig. 12,

we now substitute a polished cylindrical mirror of
the same size in place of MN, then the distorted
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picture when laid horizontally at A'B'C'D’ will
be restored to its original state when seen by re
flection at ABCD in the polished mirror. It
wostld be an improvement on this method to place
at ABCD a thin and flexible plate of transparent
mica, having drawn upon it with a sharp point, or
painted upon it, the figure required. 'The projected
inage of this figure at A'B’C'D'may then be accu-
rately copied.

The effect of a eylindrieal mirror is shown in Fig.
12, which is copied from an 0ld one which we have
seen in use.

The method above described is egually applicable
to concave cylindrical mirrors, and to those of & con-
ical form, and it may also be applied to mirrors of
variable curvature, which produce different kinds of
distortions from different parts of their surfaces.

Fig. 13.

BY employing a mirrer whose surface has a ve-
riable curvature, like ABC, Fig, 13, we obtain an
instrument for producing an endless variety of cari-
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catures, all of which are characterized by their re-
semblance to the original. If a figure MN is placed
before such a mirror, it will of course appear dis-
torted and caricatured, but even if the figure takes
different distances and positions, the variations
which the image undergoes are neither sufficiently
numerous nor remarkable to afford much amusement.
But if the figure MN is very near the mirror, so
that new distortions are nroduced by the different
distances of its different parts from the mirror, the
most singular caricatures may be exhibited. If
the figure, for example, bends forward his head and
the upper part of his body, they will swell in size,
leaving his lower extremities short and slender.
If it draws back the upper part of the body and ad-
vances the limbs, the opposite effect will take place.
In like manner different sides of the head, the right
or the left side of it, the brow or the chin, may be
swelled and contracted at pleasure. By stretching
out the arms before the body they become like those
of an orang outang, and by drawing them back they
dwindle into half their regular size. All these
effects, which depend greatly on the agility and
skill of the performer, may be greatly increased by
suitable distortions in his own features and figure.
The family likeness, which is of course never lost
in all the variety of figures which are thus produced,
adds greatly to the interest of the exhibition ; and
we have seen individuals so annoyed at recognising
their own likeness in the hideous forms of humanity
which were thus delineated, that they could not
be brought to contemplate them a second time. If
the figure is inanimate, like the small cast of a statue,
the effect is very curious, as the swelling and con-
tracting of the parts and the sudden change of ex-
pression give a sort of appearance of vitality to the
image. The inflexibility of such a figure, however,
is unfavourable to its transformation into caricatures.

Interesting as these metamorphoses are, they
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lose in the simplicity of the experiment much of
the wonder which they could not fail to excite if
exhibited on a great scale, where the performer is
invisible, and where it is practicuable to give an aerial
representation of the caricatured figures. This
mmay be done by means of the apparatus shown in
Fig. 7,* where we may suppose AB 1o be the re-
duced image seen in the reflecting surface ABC,
Fig. 13.1 By bringing this image nearer the mir-
ror MN, Fig. 7, 3 magnified and inverted image of
it may be formed at «4, of such a magnitude as to
give the last image in PQ the same size as life
Owing to the loss of light by the two reflections, &
very powerful illumination would be requisite for
the original fizure. If auch an exhibition were well
got up the effect of it would be very striking.

LETTER V.

Miscellancous Optical Tllosons—Conversion of Canmon info Intaylios,
ar Etevatiana ihta Depreassiiia, and the Reverss—Explanation of this
Clnsa af Daceptiana—Singular Bifict of Ilwnination wah Lightof one
ample Crinur—Lamps far producing Homngeneouy yellow Lighi—
Methords afinereasing the Eifert of thia Exhibilicn—Methiod of rradin
the Inwerijrian of Coina it the Dark--Art of decipharing the effi
[nscrygton of Colna—Fxplsnation of these snguler Bfecis— Apparent
MotmMof the Evenin Portrie—Reinarkabie Sxamplesof this—A [y
reny Motian of 1he Faatvires of & Portrait, when e Eyes are made 1o
mave—Remarkable Experunent of bresthing Lightand Darknsan,

In the preceding Letter I have given an account
of the most important instruments of Natural
Magic which depend on optical principles; but there
still remain several miscellaneous phenomena on
shich the stamp of the marvellous is deeply im-
pressed, and the study of which is pregnant with
instruction and amusement.

* Page 84, tPage 9.

.
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One of the most curious of these is that false
perception in vision by which we conceive depres-
sions to be elevations and elevations depressions,
or by which intaglios are converted into cameos and
cameos into intaglios. This curious fact seems to
have been first observed at one of the early meet-
ings of the Royal Society of London, when one of
the members, in looking at a guinea through a com-
pound microscope of new construction, was sur-
prised to see the head upon the coin depressed,
while other members could only see it embossed as
it really was. .

While using telescopes and compound micro-
scopes, Dr. Gmelin of Wirtemburg observed the
same fact. The protuberant parts of objects ap-
peared to him depressed, and the depressed parts
protuberant ; but what perplexed him extremely,
this illusion took place at some times and not at
others, in some experiments and not in others, and
appeared to some eyes and not to others.

After making a great number of experiments, Dr.
Gmelin is said to have constantly observed the fol-
lowing effects: Whenever he viewed any object
rising upon a plane of any colour whatever, pro-
vided it was neither white nor shining, and provided
the eye and the optical tube were directly opposite
to it, the elevated parts appeared depressed, and the
depressed parts elevated. This happened when he
was viewing a seal, and as often as he held the tube
of the telescope perpendicularly, and applied it in
such a manner that its whole surface almost covered
the last glass of the tube. The same effect was
produced when a compound microscope was used.
When the object hung purpendicularly from a plane,
and the tube was supported horizontally and directly
opposite to it, the illusion also took place, and the
appearance was not altered when the object hung
obliquely and even horizontilly. Dr. Gmelinis said
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to have at last discovered a method of preventing
this illusion, which was, by looking not towards the
centre of the couvexity, but at first to the edges of
it only, and then gradually taking in the whole.
“ But why these things should so happen, he did
not pretend to determine.”

The best method of observing this deception is
to view the engraved seal of a watch with the eye-
piece of an achromatic telescope, or with a com-
pound microscope, or any combination of lenses,
which inverts the objects that are viewed through
it.* The depression in the seal will tmmediately
appear an elevation, like the wax impression which
ia taken from it; and though we know it to be hol-
low, and feel its concavity with the peint of our
finger, the illusion is so strong that it continues to
appear a protuberance. The cause of this will be
understood from Fig. 14, where S is the window

of the apariment, or the light which illuminates
the koliow seal LR, whose shaded side is of course
on the same sida L with the light. 1f we now in-
vert the seal with ome or more lenses so that it
may look in the opposite direction, it will appear to
the eye as in Fig. 15, with the shaded side L far.
thest from the window. But as we know that the

* & gingle convex lena will snawer tho purpose, provided we hold e
eyosix or‘ eight 1oches bebind the jruage of the senl formed in e eanjw
ute focue.
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window is slill on our left-hand, and that the light
fails in the direction RL, and as every body with
its whaded side farthest from the light must neces-

Fig. 15.

sarily be convex or protuberant, we immediately
believe that the hollow seal is now a camec or
bas-relief. The proof which the eye thus receives
of the seal being raised overcomes the evidence of
its being hollow derived from ouractual knowledge,
and from the sense of touch. In this experiment
the deception takes place from our knowing the
real direction of the light which falls upon the seal ;
for if the place of the window, with respect {0 the
seal, had been inverted as well as the seal itself,
the illusion could not have taken place.

In order to explain this better, let us suppose the
seal LR, Fig. 14, to be illuminated with a candle S,
the place of which we can change at pleasure. 1f
we invert LR, it will rise into a cameo, as in Fig.
15; and il we then place another cundle D on the
other side of it, as in Fig. 18, the hollow seal will
be equally illurrinated on all sides, and it will sink
down into a cavity or intaglic. If the two candles
do not {lluminate the seal equally, or if any acci-
dental circumstance produces a belief that the light
is wholly or principally on one side, the mind will
entertain a corresponding opinion respecting the
state of the seal, regarding it as a hollow if it be-
lieves the light to come wholly or principally from
the right-hand, and as a cameo if it believes the
light to come from the left-hand.
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If we use a small telescope to invert the seals,
and if we cover up all the candle but its flame, and
arrange the experiment so that the candie may be

inverted along with the image, the seal will still
retain its concavity, because the shadow is still on
the same side with the illuminating body.

If we make the same experiments with the raised
impression of the seal taken upon wax, we shall
observe the very same phenomena, the seal being
depressed when it alone is inverted, and retaining
its convexity when the light is inverted along
with it. .

The illusion, therefore, under cur consideration
is the resuit of an operation of our own minds,
whereby we judge of the forms of bodies by the
knowledge we huave acquired of light and shadow.
Hence the illusion depends on the accuracy and
extent of our knowledge on this subject; and
whije some persons are under its influence, others
are entirely insensible to it, When the seal or
hollow cavity is not polished but ground, and the
surface round it of wiform colour and smocthness,
almost every person, whether young or old, learned

oT ignorant, will be subject to the iilusion ; because
* the youngest and the most careless observers can.
not but know that the shadow of a hollow is always
on the side next the light, and the shadow of 2 pro-
tuberance on the side opposite to the light; byt if
the object is the raised impression of a seal npon wax,

K3
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1 have found that when inverted, it still seemed
raised to the three youngest of aix peraons, while the
three eldest were subject to the deception.

This illusion 1nay be dissipated by a process of
reasoning arising from the mtroduction of a new
circumstance in the experiment. Thus, let RL, Fig.
17, be the inverted seal, which consequently appeurs

Fig. 17,
{’ =
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raised, and let an opague and unpolished pin A be
placed on one side of the seal. Its shadow will be
of course opposite the candle, 23 as B.  In this case
the seal, which had become a cameo by its inver-
sion, will now sink down into & cavity by the intro-
duction of 2 pin and its shadow ; for as the pin and
ita shadow are inverted, as shown in Fig. 18, while

{ (G
b
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the candle retains its place, the shadow of the pin
fylling in the direction AB s & stronger proof to
the eye that the light is coming from the right-hand
ihan the actual knowledge of the candle being on the
jeft-hand, and therefore t?eg cameo necessarily sinks
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into a cavity, or the shadow is now on the same
side as the {ight. This experiment will explain to
us why on some occasions an acute obeerver will
elude the deception, while every other person ia
subject to it. Let us suppose that a particle of dust,
ot a little bit of wax, capable of giving a shadow, ie
adhering to the surface of the seal; an ordinary ob-
gerver will take no notice of this, or if he does, he
will probably not make it a subject of consideration,
and will therefore see the head on the seal raised
into a cameo: but the attentive observer, noticing
the little protuberance, and observing that its shadow
lies to the left of it, will instantly infer that the
light comes in that direction, and will still see the
pezl hollow:

1 have already mentioned that in some caseseven
the sense of touch does not correct the erroneous

reeption. We of course feel that the part of the

ollow on which the finger is placed is actually hol-
low ; but if we look at the other part of the hollow
it will still appear raized.

By using two candles yielding different degrees
of Light, and thus giving an uncertainty to the direc-
tion of the light, we may weaken the illusion in any
degree we choose, so a3 to overpower it by touch
or by a process of reasoning.

I have had occasion to observe a series of analo-
gous phenomena arising from the same cause, but

Fig. 18,

[ Mg !
o
produced without any instrument for inverting the

object. If AB, for example, is a plate of mother-
ofipear], and LR 2 circular or any other cavity
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(Fig. 19) ground or turned in it, then if this cavity
is illumipated by a candle or a2 window at 5, in place
of there being & shadow of the margin L of the hollow
next the light, as there would have been had the
body beem opaque, a guantity of bright refracted
light will appear where there would have been a
shadow, and the rest of the cavity will be compara.
tively obscure, as if it were in shade. The neces-
sary consequence of this is, that the cavity will ap-
pear ag an ¢levation when seen only by the naked
eye, as it is only an elevated surface that could have
its most luminous side at L.

Similar illusions take place in certain pleces
of polished wood, calcedony, and mother-of-pearl,
where the surface is perfectly smooth. This arises
from there being at that place a knot or growth, or
nodule of different transparency from the surround.
ing mass, and the cause of it will be understood from
Fig. 20. Let mo be the surface of a mahogany

Fig. 20,

table, AmoB a section of the table, and mno a
section of 2 knot more transparent than the rest of
the mass. Owing tc the transparency of the thin
edge at o, opposite 1o the candle 8, the side o is
illuminated, while the rest of the knot is compars-
tively dark, so that on the principles already ex-
plained the spot mno appears to be 2 hollow in tie
table. From this cause arises the appearance of
dimples in certain plates of calcedony called ham-
mered calcedony, owing to its having the look of
being dimpled with a hammer. The surface on
which these cavities are seen is a section of small
spherical aggregations of siliceous matter, which
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exhibit the same phenomena as the cavities in wood,
Mother-of-pear] presents the very same phenomena,
and it is indeed so common in this substance that
it is nearly impossible to find a mother-of-pearl but.
ton or counter which seems to have its surface flat,
although they are perfectly so when examined by
the touch. Owing to the different refraction of the
incident light by the different growths of the shell
cut in different directions by the artificial surface,
like the annual growth of wood in a dressed plank,
the surface has necessarily an unequal and undu-
lating appearance.

Among the wonders of science there are perhaps
1one more surprising than the effects produced upon
coloured objects by illuminating them with homo-
geneous light, or light of one colour. The light
which emanates from the sun, and by which all the
objects of the material world are exhibited to us, is
composed of three different colours, red, yellow, and
blue, by the mixture of which in different propor-
tions all the various hues of nature may be produced.
These three colours, when mixed in the proportion
in which they occur in the sun’s rays, compose a
purely white light; but .if any body on which this
white light falls shall absorb, or stop, or detain
within its substance any part of any one or more
of these simple colours, it will appear to the eye of
that colour which arises from the mixture of all the
rays which it does not absorb, or of that colour
which white light would have if deprived of the
colours which are absorbed. Scarlet cloth, for ex-
ample, absorbs most of the blue rays and many of
the yellow, and hence appears red. Yellow cloth
absorbs most of the blue and many of the red rays,
and therefore appears yellow, and blue cloth absorbs
most of the yellow and red rays. If we were to
illuminate the scarlet cloth with pure and unmixed
yellow light, it would appear yellow, because the
seartet cloth does not absorb all the yellow rays,
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but reflects some of them ; and if we illuminate blue
cloth with yellow light, it will appear nearly black,
because it absorbs all the yellow light, and reflects
almost none of it, But whatever be the nature and
eolour of the bodies on which the yellow light faila,
the light which if reflecia must be yellow, for no
other light falls upon them, and those which are not
capable of reflecting yellow light must appear abso-
Iutely black, however brilliant be their colour in the
light of day.

Aps the methods now discovered of producing yel-
low light in abundance were not known to the an-
cient conjurers, nor even ic those of later times,
they have never availed themselves of this valuable
resource. It has been iong known that salt thrown

Fg. 21,

into the wick of a flame produces yellow light, but
this light is mixed with blue and green rays, and is,
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besides, so small in quantity, that it illuminates ob-
jects only that are in the immediale vicinity of the
flame. A method which T have found capable of
producing it in abundance is shownm in Fig. 21,
where AB is a lamp containing at A a large quan-
tity of alcohol and water, or ardent spirits, which
gradually descends into a platina or metallic cup D.
This cup i3 strongly heated by a spirit-lamp L, en-
closed in a dark lantern, and when the diluted alco-
hol in D is inflamed, it will burn with a fierce and_
powerful yelow flame: if the flame should not be
perfectly yellow, owing to an excess of aleohol, a
proportion of salt thrown into the cup will answer
the same purpose a8 a further dilution of the
alcohol.®

A monochromatic lamp for producing genow
light muy be constructed most eflectually by em.
ploying a portable gas lamp containing compressed
oil gas. If we allow the gas to escape in a copious
stream, and set it on fire, it will form an explosive
mixture with the atmospheric air, and will no longer
burn with a white flame, but will emit a bluish and
reddish light. The force of the issuing a8, O &Ny
accidental current of air, is capable of blowing out
this flame, 82 that it is necessary to have a2 coniri.
vauce for sustaining it. The method which I used
for this purpcse is shown in Fig, 22, A small gas
tube abe, arising from the main burner MN of the
gas lamp PQ terminates above the burner, and has
3 short tube de, moveable vp and down withiz it,
80 as to be gas-tight. This tube de, closed at o,
communicates with the holiow ring fz, in the inside
of which four aperiures are perforated in such a
manner as to throw their jets of gas to the apex of
a cone, of which fgis the base. When we cause
the gae to flow from the buraer M, by opening the
main cock A, it will rush into the tube abed, and

* Sec Edinburgh Trantaciions, vol.ix p. 433,
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tasue in small flames at the four holes in the ring fe.
The size of these flames is regulated by the cock
The inflammation, therefore, of the ignited gas will
he sustuined by these four subsidiary flames through

Fig. 22,

- which it passes, independent of any agitation of the
air, or of the force with Whlchhlt issnes from the
burner. On & projecting arm ek, ¢ ing a ring A,
I fixed a broad collar, made of coa.lsg:y c?)%ton mgck
which had been previouely soaked in a saturated
golution of common salt. When the gas was al-
lowed to eacape at M with such force as to produce
a long and broad column of an explosive mixture of

and atmospheric air, the bluish flame occasioned
guthe explosion passes through the salted collar,
and is converted by it into a mass of homogeneous
yellow light. This collar will last a long time
without any fresh supply of sait, so that the gas
lamp will yieldn permaneni monoehromauc yellow
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flame, which will last as long as there is gasg in the
reservoir. In place of a collar of cotton wick, a
hollow eylinder of sponge, with numercus project-
ing tufts, may be used, or a collar may be similarly
constructed with asbestos cloth, and, 1f thought ne.
cessary, it might be supplied with a saline solution
from a capillary fountain.

Having thus obtained the means of luminating
any apartment with yellow light, let the exhibition
be made in a room with furniture of various bright
colours, with oil or water.coloured paintings on the
wall. The party which is t0 witness the experiment
should be dressed in a diversity of the gayest
colours; and the brightest coloured flowers and
highly coloured drawings should be placed on the
tables.  The room being at first ighted with ordinary
lights, the bright and gay colours of every thing that
it contains will be finely displayed. I the white
lights are now suddenly extinguished, and the yel.
low lamps lighted, the most appailing metamorphosis
will be exhibited. The astonished individuals will
no longer be able te recognise each other. Al the
furniture in the room and all the objects which it
containg will exhibit only one colour. The flowers
will lose their hues. The paintings and drawings
will appear as if they were executed in China ink,
and the payest dresses, the brightest scarlets, the
purest lilacs, the richest blues, and the most vivid
greens will all be converted inte one monotonous
yellew. The compiexions of the parties too wili
suffer a corresponding change. One pallid death.
like yellow,

———— ke iha yrnatursl hus ~
Which aulumn plants upon the perinted Ieaf,

will envelope the young and the old, and the sallow
faces will alone escape from the metamorphosis.
Each individual derives merriment from the cadave-
Tous appearance of his neighbour, without being sen-
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aible that he is himself one of the ghostly assem-
blage.

If, in the midst of the astonishment which is thus
created, the white lights are restored at one end of
the room, while the yellow lights are taken to the
other end, one side of the dress of every person,
namely, that next the white light, will be restored
to its original colours, while the other side will re-
tainits yellow hue. One cheek will appear in a state
of health and colour, while the other retains the pale-
ness of death, and, as the individuals change their
position, they will exhibit the most extraordinary
transformations of colour.

If, when all the lights are yellow, beams of white
light are transmitted through a number of holes like
those in a sieve, each luminous spot will restore the
colour of the dress or furniture upon which it falls,
and the nankeen family will appear all mottled over
with every variety of tint. If a magic lantern is
employed to throw upon the walls or upon the
dresses of the company luminous figures of flowers
or animals, the dresses will be painted with these
figures in the real colour of the dress itself. Those
alone who dppeared in yellow,’and with yellow com-
plexions, will to a great degree escape all these sin-
gular changes. - '

If red and blue light could be produced with the
same facility and in the same abundance as yellow
light, the illumination of the apartment with these
lights in succession would to the variety and
wonder of the exhibition.  The red light might per-
haps be procured in sufficient quantity from the ni-
trate and other salts of strontian; but it would be
difficult to obtain a blue flame of sufficient intensit
for the suitable illumination of a large room. Bril-
Yiant white lights, however, might be used, having
for screens glass troughs containing a mass one or
two inches thick of a solution of the ammoniacal
earbonate of copper. Tﬁs solution absorbs all the
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rays of the spectrum but the blue, and the intensity
of the blue light thus produced would increase in
the same proportion as the white light employed.

Among the numerous experiments with which
science astonishes and sometimes even strikes terror
into the ignorant, there is none more calculated to
prodnce this effect than that of displaying to the
eye in absolute darkness the legend or inscription
upon a coin. To do this, take a silver coin (I have
always used an old one), and after polishing the sur-
face as much as possible, make the parts of it which
are raised rough by the action of an acid, the parts
not raised, or those which are to be rendered darkest,
retaining their polish. If the coin thus prepared is
placed upon a mass of red-hot iron, and removed
into a dark room, the inscription upon it will become
less luminous than the rest, so that it may be dis-
tinctly read by the spectator. The mass of red-hot
iron should be concealed from the observer’s eye,
both for the purpose of rendering the eye fitter for
observing the effect, and of removing all doubt that
the inscription is really read in the dark, that is,
without receiving any light, direct or reflected, from
any other body. If, in place of polishing the de-
pressed parts, and roughening its raised parts, we
make the raised parts polished, and roughen the de-
pressed parts, the inscription will now be less lumi-
nous than the depressed parts, and we shall still be
able to read it, from its being, as it were, written in
black letters on a white ground. The first time I
made this experiment, without being aware of what
would be the result, I used a French shilling of Léuis
XV.,and I was not a little surprised to observe upon
its surface in black letters the inscription Bexepic-
TUM SIT NOMEN DEl.

The most surprising form of this experiment is
when we use a coin from which the inscription has
been either wholly obliterated, or obliterated in such
a degree as to be illegible. When sucha coinis laid

— g
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upon the red-hot iron, the letters and figures become
oxidated, and the film of oxide, radiating more pow-
erfully than the rest of the coin, will be more luminous
than the rest of the coin, and the illegible inscription
may be now distinctly read, to the great surprise of
the observer, who had examined the blank surface
of the coin previous to its being placed upon the
hot iron. The different appearances of the same
coin, according as the raised parts are polished or
roughened, are shown in Fig. 23 and 24.

Fig. 23.

In order to explain the cause of these remarkable
effects, we must notice a method which has been
long known, though never explained, of deciphering
the inscriptions on worn-out coins. This is done
by merely placing the coin upon a hot iron:—
An oxidation takes place over the whole surface of
the coin, the film of oxide changing its tint with the
intensity or continuance of the heat. The parts,
however, where the letters of the inscription had
existed, oxidate at a different rate from the surround-
ing parts, so that these letters exhibit their shape,
and become legible in consequence of the film of
oxide which covers them having a different thick-
ness, and therefore reflecting a different tint from
that of the adjacent parts. The tints thus developed
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sometimes pass through many orders of brilliant
calours, particularly pink and green, and settle in a
bronze, and sometimes & black tint, resting upon the
inscription alone. In some cases the tint left onthe
trace of the letters ie 8o very faint that it can just
be seen, and may be entirely removed by a slight
rub of the finger. _

When the experiment is often repeated with the
same coin, and the oxidations successively removed
after each experiment, the film of oxide continues
to diminish, and at last ceases fo muke its appear-
ance, It recovers the property, however, in the
course of time. When the coin is put upon the hot
iron, and consequently when the oxidation is the
greatest, a considerable smoke arises from the coin,
and this diminishes like the film of oxide by frequent
repetition. A coin which haid ceased to emit this
amoke smoked slightly after having been exposed
twelve hours to the air. I have found from nume-
roustrialathatitis alwaﬁs the raised partaof the coin,
and in modewmn coing the elevated ledge round the
inscriﬁtion, that become first oxidated. In an Eng-
lish shilling of 1816 this ledge exhibited a brilliant
yellow tint before it appeared on any other part of
the coin.

If we use a uniform and homogeneous disk of
silver that has never been hammered or compressed,
its surface will oxidate equally, provided all its parts
are equally heated. In the process of converting
this disk inte a coin, the sunk parts have obviously
been most compressed by the prominent parts of the
die, and the e/evated paris least compressed, the metal
being in the latter left, as it were, in its natural state.
The raised letters and figures on a coin have there-
Tore less density than the other parts, and these parts
oxidute sooner or at a lower temperature. When
the letters of the legend are worn off by friction, the
parts immediately below them have also less density
than the surrounding metal, and the site, as it were,
of the letters therefore receive from heat a degree
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of oxidation, and a colour different from that of the
surrounding surface. Hence we obtain an explana-
tion of the revival of the invisible letters by oxidation.

The same influence of difference of density may
be observed in the beautiful oxidations which are
groduced on the surface of highly polished steel,

eated in contact with air, at temperatures between
430° and 630° of Fahrenheit.* When the steel has
hard portions called pins by the workmen, the uni-
form tint of the film of oxide stops near these hard
portions, which always exhibit colours different
from those of the rest of the mass. These parts,
on account of their increased density, absorb the
oxygen of atmospheric air less copiously than the
_ surrounding portions. Hence we see the cause
why steel expanded by heat absorbs oxygen, which,
when united with the metal, forms the coloured
superficial film. As the heat increases, a greater
quantity of oxygen is absorbed, and the film increases
in thickness.

These observations enable us to explain the
legibility of inscriptions in the dark, whether the
coln is in a perfect state, or the letters of it worn
off. All dlack or rough surfaces radiate light more
copiously than polished or smooth surfaces, and
hence the inscription is luminous when it is rough,
and obscure when it is polished, and the letters cov-
ered with black oxide are more luminous than the
adjacent parts, on account of the superior radiation
of light by the black oxide which covers them.

By the means now described invisible writing
might be conveyed by impressing it upon a metallic
surface, and afterward erasing it by grinding and pol-
ishing that surface perfectly smooth., When exposed
to a proper degree of heat, the secret would display
itself written in oxidated letters. Many amusing
experiments might be made upon the same principle.

¢ 8es Edinburgh Encydopad]ig, Art, 8TxxL, vol. xviil. p. 887,
2
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A series of curious and sometimes alarming de.
ceptions arises from the representation of objects
in perspective upon & plane surface. One of the
mast interesting of these depends on the principles
whioh regnlate the apparent direction of the eyes
in a portrait. Dr. Wollaston has thought this sub-
ject of pufficient importance to be treated at some
ength in the Philosophical Transactions. When
we look at any person, we direct to them both our
face and our eyes, and in this position the cireular
fris will be in the middle of the white of the eye.
ball, or, what is the same thing, there will be the
same quantity of white on each side of the iris.
If the eyes are now moved to either side, while the
head remains fixed, we shall readily judge of the
change of their direction by the greater or lese
quantity of white on eack side of the iris. This
test, however, accurate as it is, enables us only to
egtimate the extent to which the eyes deviate in
direction from the direction of the face to which
they beleng. But their direction in reference to
the person who views them is entirely-a different
matter; and Dr. Wollaston is of opinion, that we
ere not guided by the eyes alone, but are uncon-
sciously aided by the concurrent position of the en-
tire face. _

If & skilful painter draws a pair of eyes with
great correctness directed to the mpectator, and de-
viating from the general position of the face as
much as is usual in good portraits, it is very diff-
cult to determine their direction, and they will ap-
Eear to have different directions to different persona.

ut, what is very curious, Dr. Wollaston has shown
that the same pair of eyes may be made to direct
themselves either to or from the spectator by the
addition of other features in which the position of
the face is changed. Thus, in Fig. 25,the pair of
eyes are looking intently at the spectator, and the
face has a corresponding direction; but when we
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cover up the face in Fig: 25 with the face in Fig.
26, which looka to the right, the eyes change their
direction, and leok to the right also, In like manner,

Fig: 25,

eyea drawn originally to ook a little to the right or
the left of the spectator may be made to look directly
&t him by adding suitable features.

The nose is obviously the principal feature which
produces this change of direetion, as it is more sub-
ject to change of %m&g:tive than any of the other
eatures; but Dr. Wollaston has shown, by a very
accurate experiment, that even a small portion of
the nose introduced with the features will ¢
the eyes zlong with it. He obtained four exact
copies of the aame pair of eyes looking at the spec.
tator, by transierring them upon copper from a steel
plate, and having added to each of two pair of them
a nose in one case directed to the right, and in the
other, to the left, and to each of the other two pairs
u very small portion of the upper part of the nose,
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all the fonr pair of yes lost (beir front directbon, and
Iq-u'h-uﬂl.u right or to the 'I.t:l'l,l.l:en-rﬂ,ln;tﬁﬂl.u
direction of ibe mose, or of the portlos of it which
wis added.

But the efect thus prodoced is mol Bimited, as
Dir. Wollsston remarks, to the mere change in the
direction of the eyes; *for & fotal diference of
charscier may 'hclE"En to the mme eyes by a doe
representation of the other featares. A lost look of
idevout lhmﬂlan in an wplified countessnes may
b exchanged for an appearante of inquisilive arch-
(Wl |:r|.'r.h.r I-m:r nd" uurig:rl'll:ehu'rmiliunnﬂh
nmd obd| rﬂi thit appaosile alde,” as in Fig.
&7, I8, Mwh*er.upom Iﬂl-l.nr.u.ﬂm
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pression of the fact. The new character which is
said to be given to the eyes is given only to the eyes
in combination with the new features, or, what is
probably more correct, the inquisitive archness is in
the other features, and the eye does not belie it.

Dr. Wollaston has not noticed the converse of
these illusions, in which a change of direction is
given to fixed features by a change in the direction
of the eyes.. This effect isfinely seen in some magic-
lantern sliders, where a pair of eyes is made to'move
in the head of a figure which invariably follows the
motion of the eyeballs.

Having thus determined the influence which the
general perspective of the face has upon the appa-
rent direction of the eyes in a portrait, Dr. Wollaston
aﬁ)plies it to the explanation of the well-known fact,
that when the eyes of a portrait look at a spectator
in front of it they will follow him, and appear to look
at him in every other direction. This curious fact,
which has received less consideration than it merits,
bhas been often skilfully employed by the novelist,
in alarming the fears or exciting the courage of his
hero. On returning to the hall of his ancestors,
his attention is powerfully fixed on the grim por-
traits which surround him. The parts which they
bhave respectively performed in the family history
rise to his mind: his own actions, whether good or
evil, are called up in contrast, and as the preserver
or the destroyer of his line, he stands, as it were, in
judgment before them. His imagination, thus ex-
cited by conflicting feelings, transfers a sort of vital-
ity to the canvass, and if the personages do not “start
from their frames,” they will at least bend upon him
their frowns or their approbation. It is in vain that
he tries to evade their scrutiny. Wherever he goes
their eyes eagerly pursue him;—they will seem
even to look at im over their shoulders, and he
will find it impossible to shun their gaze but by quit.
ting the apartment. ’
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As the spectator in this case changes his position
in a horizontal plane, the effect which we have de-
scribed is accompanied by an apparent diminution
in the breadth of the human face, from only seven
or eight inches till it disappears at a great obli-

- quity. In moving, therefore, from a front view to
the most oblique view of the face, the change in its
apparent breadth is so slow that the apparent motion
of the head of the figure is scarcely recognised as
it follows the spectator. But if the perspective
figure has a great breadth in a horizontal plane,
such as a soldier firing his musket, an artilleryman
his piece of ordnance, a bowman drawing his bow,
or a lancer pushing his spear, the apparent breadth
of the figure will vary from five to six feet or up-
wards till it disappears, and therefore the change of
apparent magnitude is sufficiently rapid to give the
figure the dreaded appearance of turning round, and
following the spectator. One of the best examples
of this must have been often observed in the fore-
shortened figure of a dead body lying horizontally,
which has the appearance of following the observer
with great rapidity, and turning round upon the head
as the centre of motion.

The cause of this phenomenon is easily explained.
Let us suppose a portrait with its face and its eyes
directed straight in front, so as to look at the spec-
tator. Let a straight line be drawn through the tip
of - the nose and half-way between the eyes, which
we shall call the middle line. On each side of this
middle line there will be the same breadth of head,
of cheek, of chin, and of neck, and each iris will be
in the middle of the whole of the eye. If we now
go to one side, the apparent horizontal breadth of
every part of the head and face will be diminished,
but the parts on each side of the middle line will be
diminished equally; and at any position, however
oblique, there will be the same breadth of face on
each side of the middle line, and the iris will be in
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the centre of the whole of the eyeball, so that the
portrait preserves all the characters of a figure look-
ing at the spectator, and must necessarily do so
wherever he stands. .

This explanation might be illustrated by a picture
which represents three artillerymen, each firing a
piece of ordnance in parallel directions. Let the
gun of the middle one be pointed accurately to the
eye of the spectator, so that he sees neither its right
side nor its left, nor its upper nor-its under side,
but directly down its muzzle, so that if there was an
opening in the breech he would see throughit. In
like manner, the spectator will see the left side of
the gun on his left-hand, and the right side of the
gun on his right-hand. If the spectator now changes
his place, and takes ever such an oblique position,
either laterally or vertically, he niust still see the
same thing, because nothing else is presented to his
view. The gun of the middle soldier must always
point to his eye, and the other guns to the right
and left of him. They must therefore all three
seem to move as he moves, and follow his eye in
all its changes.of place. The same observations
are of course applicable fo buildings and streets seen
in perspective.

In common portraits the apparent motion of the
head is generally rendered indistinct by the canvass
being imperfectly stretched, as the slightest con-
cavity or convexity entirely deforms the face when
the obliquity is considerable. The deception is
therefore best seen when the painting is executed on
a very flat board, and in colours sufficiently vivid to
represent every line in the face with tolerable dis-
tinctness at great obliquities. This distinctness of
outline is indeed necessary to a satisfactory exhibi-
tion of this optical illusion. The most perfect ex-.
hibition, indeed, that I ever saw of it was in the case
of a painting of a ship upon a sign-board executed
in strongly gilt lines. It contained a view of the
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stern. and side of a ship in the stocks, and, owing
to the flatness of the board and the brightness of the
lines, the gradual development of the figurs from
the most violent foreshortening at great obliguities
till it attained ita perfect form waas an effect which
surprised every persof that saw it. .

The only other optical iilusion which our limits
will permit us to explain is the very remarkable
experiment of what may be truly called breathing
light or darkness. Let S be a candle where light
falls at an angle of 66° 46" upon two glass plates
A, B, placed close to each other, and let the reflected
rays AC, BD, fall at the same. angle upon two sim-
ilar plates C, D, but so placed that the plane of re-
flection from the latter is at right angles to the plane
of reflection from the former. An eye placed at E,

Fig. 29.
»

and looking at the same time into the two plates
Cand D, will see very faint imapes of the candle
S, which by a slight adjustment of the plates may
be made to disappear almost wholly, A.Flowing the
plate C to remain aa it is, change the position of D
tili its inclination to the ray BD is diminished about
31°, or made nearly 53° 11 When this is done,
the image that had disappeared on looking into I
will be restored so that the spectator at E, upon
looking into the two mirrora C, D, will see no light
in C, because the candie has nearly disappeared,
while the candle is distinctly seen in D. 1f, while
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the spectator is looking into these two marrors,
either he or another person breathes upon them
gently and quickly, the breath will revive the extin-
guished image in C, and will extinguish the visible
image in D.  The following is the cause of this sin-
gular result. The light AC, BD, is polarized by re-
flection from the plates A, B, because it is incident
at the polarizing angle of 56° 45’ for glass. When
we breathe upon the plates C, D, we form upon their
surface a thin film of water, whose polarizing angle
is 53° 11, so that if the polarized rays AC, BD,
fell upon the plates C, D, at an angle of 53° 11’, the
candle from which they proceeded would not be vis-
ible, or they would not suffer reflection from the
plates C,D. At all other angles the light would be
reflected and the candles visible. Now the plate D
is placed at an angle of 53° 11’, and C at an angle of
56° 45, so that when a film of water is breathed
upon them the light will be reflected from the latter,
and none from the former: that is, the act of breath-
ing upon the plates will restore the invisible and
extinguish the visible image.
L
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LETTER VL
Nature! Phenomens marked with the Marrali fpactre of $he Brock

described— Analogous Phenomens—Aerinl Specires seen in Comber-
|snd—Feta porgana in ihe Straits of Messina—Objects delow i
Harizot: Taised and megnified by Refraction—Singular Exemple seen &t
Heatinga—Dover Casilo aeen through the Hill on which It stands—
Erect and inverisd Inageaof diatant Ships asen in the Air—Similar Phe-
TOmanA asen in 1he Arctio Regions—Enchanted Coasi—Mr, Sonreeby
racognisea his Faibera Bhip by e aerial Image—Imagea of Cows seen
in the Air—Inverted Imagea of Horees sean 1n South Americe—Lateral
tmagos produesd by Rafractinn—Aetisl 8p by Refloction—Explana-
tion of the preceding Phenomoens.

Amowe the wonders of the natural world which
are every day presented to us, without either ex-
citing odr surprise or attracting our notice, some
are occasionally displayed which possess all the
characters of supernatural phencmena. Inthenames
by which they are familiarly known, we recognise
the terror which they inspired, and even now, when
science has reduced them to the level of patural
phenomena, and developed the causes from which
they arise, they still retain their rimitive import-
ance, and are watched by the philosopher with as
intense an interest ss when they were deemed the
immediate effects of divine power. Among these
phenomena we may enumerate the Spectre of the
Brocken, the Fata Morgane of the Straits of Messina,
the Spectre Ships which appear in the air, and the
ather extraordinary effects of the AMirage.™

The Brocken is the name of the loftiest of the

*In the Sanscrit, says Baron Humboldt, the pheuemenon of the Mi-
reyre i called Mriga Trichnag, " thinet or deulno?tbn anteicpe,” no doubt
beeanse 1his animal Mriga, compelled by thirat, Tyicing, spproaches
those bsrren pleina where, from the effect of wnequal relrectipn, e tiniaks
he perceives the undalating eurface of the waizrs,—Perponia! Narralivn,
vol. i 3. 3.
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Hartz Mountains, a picturesque range which lies
in the kingdom of Hanover. It is elevated 3300
feet above the sea, and commands the view of a
plain seventy leagues in extent, occupying nearly
the 200th part of the whole of Europe, and ani-
mated with a population of above five millions of
inhabitants. From the earliest periods of authen-
tic history, the Brocken has been the seat:- of the
marvellous. On its summits are still seen huge
blocks of granite, called the Sorcerer’s Chair and
the Altar. A spring of pure water is known by the
name of the Magic Fountain, and the anemone of
the Brocken is distinguished by the title of the
Sorcerer’s Flower. These names are supposed to
have originated in the rites of the great idol Cor-
tho, whom the Saxons worshipped in secret on the
summit of the Brocken, when Christianity was ex-
tending her benignant sway over the subjacent plains.

As the locality of these idolatrous rites, the
Brocken must have been much frequented, and we
can scarcely doubt that the spectre which now so
often haunts it at sunrise must have been observed
from the earliest times; butit is nowhere mentioned
that this phenomenon was in any way associated
with the objects of their idolatrous worship. One
of the best accounts of the spectre of the Brocken
is that which is given by M. Haue, who saw it on
the 23d of May, 1797. After having been on the sum-
mit of the mountain no less than thirty times, he had
at last the good fortune of witnessing the object of
his curiosity. The sun rose about four o’clock in
the morning through a serene atmosphere. In the
south-west, towards Achtermannshohe, a brisk west
wind carried before it the transparent vapours, which
had not yet been condensed into thick heavy clouds.
- About a quarter past four he went towards the inn,
and looked round to see whether the atmosphere
would afford him a free prospect towards the south-
west, when he observed at a very great distance,
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towards Achtermannshohe, a human figure of a mon-
gtrous size. His hat, having been aimost carried
away by a violent gust of wind, he suddenly raised
his hang to his head, {o protect his hat, and the co-
lossal figure did the same. He immediately made an-
other movement by bending his body.—an action
which was repeated by the spectral figure. M.
Haue was desirous of making further experiments,
but the figure disappeared: He remained, however,
in the same position, expecting its return, and in a few
minutes it again made its appearance on the Ach-
termannshohe, when it rimicked his gestures as
before. He then called the landlord of the inm,
and having both taken the same position which he
had before, they looked towards the Achtermann-
shohe but saw nothing. In a very short space of
tirne, however, two colossal figures were formed
over the above eminence ; and after bending their
bodies and imitating the gestures of the {wo spec-
tators, they disappeared. Retaining their position,

Fig. 30.

i E - SO S

and keeping their eyes still fixed upon the same
spot, the two gigantic spectres again stood before
them, end were jmined by a third. Every movement

B
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that they made was imitated by the three figures, -
but the effect varied in its intensity, being sometimes
weak and faint, and at other times strong and well
defined,

In the year 1798 M. Jordan saw the same phe-
momenon at sunrise, and under similar circum-
stances, but with less distinctness, and without any
duplication of the figures.*

Phenomena perfectly analogous to the preceding,
though seen under less imposing circumstances,
have been often witnessed. When the spectator
sees his own shadow opposite to the sun upen a mass
of thin fleecy vapour passing near him, it not only
imitates all his movements, but its head is distinctly
encircled with a halo of light. The aerial figure is
often not iarger than life, its size and its apparent
distance depending, as we shall afterward see, upon
particldar causes, 1 have often eeen a similar
shadow when bathing in a bright summer's day in
an extensive pool of deep water. When the fine
mud deposited at the bottom of the pool is distarbed
by the feet of the bather, so as to be disseminated
through the mass of water in the direction of his
shadow, his shadow is no longer a shapeless mass
formed upon the bottom, but isa regular figure formed
upon the floating particles of mud, and having the
head surrounded with a halo, not only luminous, but
consisting of distinct radiations.

One of the most interesting accounts of aerial
spectres with which we are acquainted has been
given by Mr. James Clarke, in.his Survey of the
Lakes of Cumberland, and the accuracy of this ac-
count was confirmed by the attestations of two of
the persons by whom the phenomena were first
seen. On a summer’s evening in the year 1743,
when Daniel Stricket, servant to Johno Wren of

* Bee J. P. Gerelic’'s Gottingizchen Journal, der Wistenchafren, vol
L part ik 178, ' 1.2 -
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Wilton Hall, was sitting at the door along with
his master, they saw the figure of a man with a
dog pursuing some horses along Souterfell side, a
place so extremely steep that a horse could scarcely
travel upon it at all. The figures appeared to run
at an amazing pace, till they got out of sight at
the lower end of the fell. On the following morn-
ing Stricket and his master ascended the steep
side of the mountain, in the full expectation of
finding the man dead, and of picking up sonie of the
shoes of the horses, which they thought must have
been cast while galloping at such a furious rate.
Their expectations, however, were disappointed.
No traces either of man or horse could be found,
and they could not even discover upon the turf the
single mark of a horse’s hoof. These strange ap-
pearances, seen at the same time by two different
persons in perfect health, could not fail to make a
deep impression on their minds. They at first con-
cealed what they had seen, but they at length dis-
closed it, and were laughed at for their credulity.
In the following year, on the 23d June, 1744,
Daniel Stricket, who was then servant to Mr. Lan.
caster of Blakehills (a place near Wilton Hall, and
both of which places are only about a half a mile
from Souterfell) was walking, about seven o’clock -
in the evening, a little above the house, when he
saw a troop of horsemen riding on Souterfell side
in pretty close ranks and at a brisk pace. Recol-
lecting the ridicule that had been cast upon him
the preceding year, he continued to observe the
figures for some time in silence; but being at last
convinced that there could be no deception in the
matter, he went to the house and informed his
master that he had something curious to show him.
They accordingly went out together; but before
Stricket had pointed out the place, Mr. Lancas-
ter’s son had discovered the acrial figures. The
family was then summoned to the spot, and the
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phenomena were seen alike by them all. The eques-
trian - figures seemed to come from the lowest

s of Souterfell, and became visible at a place
called Knott. They then advanced in regular troops
along the side of the fell, till they came opposite
to Blakehills, when they went over the mountain,
after describing a kind of curvilineal path. The
pace at which the figures moved was a regular
swift walk, and they continued to be seen for up-
wards of two hours, the approach of darkness alone
preventing them from being visible. Many troops
were seen in succession; and frequently the last
but one in a troop quitted his position, galloped to
the front, and took up the same pace with the rest.
The changes in the figures were seen equally by all
the spectators, and the view of them was not con-
fined to the farm of Blakehills only, but they were
Been by every person at every cottage within the
distance of a mile, the number of persons who saw
them amounting to about twenty-six. The attesta-
tion of these facts, signed by Lancaster and Stricket,
bears the date of the 21st July, 1785.

These extraordinary sights were received not
only with distrust but with absolute incredulity.
They were not even honoured with a place in the
yecords of natural phenomena, and the philosophers
of the day were neither in possession of analogous
facts, nor were they acquainted with those principles
of atmospherical refraction upon which they depend.
The strange phenomena, indeed, of the Fata Mor-

ana, or the Castles of the Fairy Morgana, had been
ong before observed, and had been described by
Kircher in the 17th century, but they presented
nothing so mysterious as the aerial troopers of Sou-
terfell ; and the general characters of the two phe-
nomena were so unlike that even a philosopher
might have been excused for ascribing them to dif-
ferent causes.

This singular exhibition has been frecuently seen
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in the Straits of Messina, between Sicily and the
coast of Italy ; and whenever it takes place the peo-
ple in a state of exultation, as if it were not only &
pleasing but a lucky phenomenon, hurry down to the
gea, exclaiming Morgana, Morgana. 'When the raya
of the rising sun form an angle of 45° on tha sea of
Reggio, and when the surface of the water is per-
fectly unruffled either by the wind or the current, a
spectator placed upon ar eminence in the city, and
having his back to the sun and his face to the ses,
observes upon the surface of the water superb
palaces with their balconies and windows, lofty
towers, herds and flocks grazing in wooded valleys
and fertile plains, armies of men on horseback and
on foot, with multiplied fragments of buildings, such
as columns, pilasters, and arches. These objects
pass rapidly in succession along the surface of the
sea during the brief period of their appearance. The
various objects thus enumerated are pictures of
palaces and buildings actually existing on shore, and
the living objects are of course only seen when they
haﬂpen to form a Elart of the general landscape.

at the time that these phenomena are visible
the atmosphere is charged with vapour or dense ex-
halations, the same objects which are depicted upon
the sea will be seen also in the air, occupying a
space which extends from the surface to the height
of twenty-five feet. These images, however, are
less distinctly delineated than the former.

If the air is in such a state as to deposite dew, and
is capable of forming the rainbow, the objects will
be seen only on the surface of the sea, but they all
appear fringed with red, yellow, and blue light, as il
they were seen through a prism.

In our own country, and in our own times, facts
8till mare extraordinary have been witnessed. From
Hastings, on the coast of Sussex, the cliffs on the
French coast are fifty miles distant, and they are
sctually hid by the convexity of the earth; thatis,a



OBJECTS BELOW THE HORIZON MAGNIFIED. 120

straight line drawn from Hastings to the French coast
would pass through the sea. On Wednesday the
26th July, 1798, about five o’clock in the afternoon,
Mr. Latham, a Fellow of the Royal Society, then
residing at Hastings, was surprised to see a crowd
of people running to the seaside. Upon inquiry
into the cause of this, he learned that the coast of
France could be seen by the naked eye, and he im-
mediately went down to witness so singular a sight.
He distinctly saw the cliffs extending for some
leagues along the French coast, and they appeared
as if they were only a few miles off. They gradu-
ally appeared more and more elevated, and seemed
to approach nearer to the eye. The sailors with
whom Mr. Latham walked along the water’s edge
were at first unwilling to believe in the reality of
the appearance, but they soon became so thoroughly
convinced of it that they pointed out and named to
him the different places which they had been accus-
tomed to visit, and which they conceived to be as
near as if they were sailing at a small distance into
the harbour. These appearances continued for
nearly an hour, the cliffs sometimes appearing
brighter and nearer, and at other times fainter and
more remote. Mr. Latham then went upon the
eastern cliff or hill, which is of considerable height,
when, as he remarks, a most beautiful scene pre-
sented itself to his view.. He beheld at once Dun-
geness, Dover Cliffs, and the French coast all along
from Calais, Boulogne, &c. to St. Vallery, and, as
gsome of the fishermen affirmed, as far west as
Dieppe. With the help of a telescope, the French
fishing-boats were plainly seen at anchor, and the
different colours of the land upon the heights,
together with the buildings, were perfectly discerni-
ble. Mr. Latham likewise states that the cape of
land called Dungeness, which extends nearly two
miles into the sea, and is about sixteen miles in a
straight line from Hastings, appeared as if quite
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cloge to it, and the vessels and fishing-boats which
were sailing between the two places appeared
equally near, and were magnified to a high degree.
These curious phenomena continued  in the highest
splendaur” till past eight o’clock, although a black
cloud had for some time totally obscured the face of
the sun.

A phenomenon no less marvellous was seen by
Professor Vince of Cambridge and another gentle-
man on the 6th August, 1806, at Ramagate. The
summits vway of the four turrets of Dover Castle

Fig. 31.

are usually acen over the hill AB, upon which it
stands, lying between Ramsgate and Dover ; ]sut on
the day above mentioned, al seven o’clock in the
evening, when the air was very still and a little
hazy, not only were the tops wvwzy of the four
towers of Dover Castle seen over the adjaceat hill
AB, but the whole of the castle mnrs appeared as if it
were situated on the side of the hill next Romsgate, and
rising above the hill as much as usual. This phe-
nomenon was 80 very singular and unexpected that
at first sight Dr. Vince thought it an illusion; but
upon continuing his observations, he became satis-
fied that it was a real image of the castle. Upon
this he gave a telescope to a person present, who,
apon attentive examination, saw also a very clear
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image of the castle, as the doctor had described it.
He continued to observe it for about twenty minutes,
during which time the appearance remained pre-
cisely the same ; but rain coming on, they were pre-
vented from making any further observations. Be-
tween the observers and the land from which the
hill rises, there was about six miles of sea, and from
thence to the top of the hill there was about the
same distance. Their own height above the sur-
face of the water was about seventy feet.

This illusion derived great force from the remark-
able circumstance that the hill itself did not appear
through the image, as it might have been expected
to do. The image of the castle was very strong
and well defined, and though the rays from the hill
behind it must undoubtedly have come to the eye,
yet the strength of the image of the castle so far
obscured the background that it made no sensible
impression on the observers. Their attention was,
of course, principa.llﬁ directed to the image of the
castle ; but if the hill behind had been at all visible,
Dr. Vince conceives that it could not have escaped
their observation, as they continued to look at it
for a considerable time with a good telescope.

Hitherto our aerial visions have been seen only
in their erect and natural positions, either projected
against the ground or elevated in the air; but cases
have occurred in which both erect and inverted
images of objects have been seen in the air, some-
times singly, sometimes combined, sometimes when
the real object was invisible, and sometimes when a
part of it had begun to show itself to the spectator.

In the year 1793, Mr. Huddart, when residing at
Allonby, in Cumberland, perceived the inverted
image of aship beneath the image, as shown in Fig.
32; but Dr. Vince, who - afterward observed this
phenomenon under a greater variety of forms, found
that the ship which was here considered the real
one was only an erect image of the real ship, which
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was at the time beneath the borizon, and wholly in-
visible.

Fig. 33.
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In August, 1708, Dr. Vince observed a great va-
riety of these aerial images of vessels approaching
the horizon. Sometimes there was seen only one
inverted image above the real 'ship, and this was
generally the case when the real ship was full in
view. But when the real ship was just beginning.
to show its top-mast above the horizon, as at A,
Fig. 33, two aerial images of it were seen, one at
B inverted, and the other in its natural position at
C. In this case the sea was distinctly visible be-
tween the erect and inverted images, but in other
cases the hull of the one image was immediately
in contact with the hull of the other.

Analogous phenomena were seen by Captain
Scoresby when navigating with the ship Baffin the
icy sea in the immediate neighbourhood of West
Greenland. On the 28th of June, 1820, he observed
about eighteen sail of ships at the distance of ten
or fifteen miles. The sun had shone during the day
without the interposition of a cloud, and his rays
were peculiarly powerful. 'The intensity of its light
occasioned a painful sensation in the eyes, while 1ts
heat softened the tar in the rigging of the ship, and
melted the snow on the surrounding ice with such
rapidity that pools of fresh water were formed on
almost every place, and thousands of rills carried
the excess into the sea. There was scarcely a
breath of wind: the sea was as smooth as a mirror.
The surrounding ice was crowded together, and ex-
hibited every variety, from the smallest lumps to
the most magnificent sheets. Bears traversed the
fields and floes in unusual numbers, and many
whales sported in the recesses and openings among
the drift ice. About six in the evening, a light
breeze at N.W. having sprung up, a thin stratus or
¢ fog bank,” at first considerably illuminated by the
sumn, appeared in the same quarter, and gradually rose
to the altitude of about a quarter of a degree. At
this time most of the lshiplisI navigating at the distance
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of ten or fifteen miles began to change their form and
magnitude, and when examined by a telescope from
the mast-head exhibited some extraordinary appear-
ances, which differed at almost every point of the
compass. One ship had a perfect image, as dark
.and distinct as the original, united to its mast-head
in a reverse position. Two others presented two
distinct inverted images in the air, one of them a
perfect figure of the original, and the other wanting
the hull.  Two or three more were strangely dis-
torted, their masts appearing of at least twice their
proper height, the top-gallant-mast forming one half
of the total elevation, and other vessels exhibited an
appearance totally different from all the preceding,
being, as it were, compressed in place of elongated.
Their masts seemed to be scarcely one-half of their
proper altitude, in consequence of which one would
have supposed that they were greatly heeled to one
side,or in the position called careening. Along with
all the images of the ships a reflection of the ice,
sometimes in two strata, also appeared in the air,
and these reflections suggested the idea of cliffs com-
posed of vertical columns of alabaster.

On the 15th, 16th, and 17th of the same month,
Mr. Scoresby observed similar phenomena, some-
times extending continuously through half the cir-
cumference of the horizon, and at other times ap-
pearing only in detached spots in various quarters.
The inverted images of distant vessels were often
seen in the air, while the ships themselves were far be-
yond the reach of vision. Some ships were elevated
to twice their proper height, while others were com-
pressed almost to a line. Hummocks of ice were
surprisingly enlarged, and every prominent object in
a proper position was either magnified or distorted.

But of all the phenomena witnessed by Mr.
Scoresby, that of the Enchanted Coast, as it may
be called, must have been the most remarkable.
This singular effect was seen on the 18th July, when
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the sky was clear, and 2 tremulous and perfectly
traneparent vapour was particularly sensible and
profuse —At nine ¢'clock In the morning, when the
phenomenon was first seen, the thermotneter stood
at 42° Fahr. ; butin the preceding evening it must have
been greatly lower, as the sea was in many places
covered with A considerable pellicle of new ice,—a
circumstance which in the very warmest time of the
year must be considered as guite extraordinary, es-
pecially when it is known that 10° farther to the north
no freezing of the sea at this season had ever before
been observed. Having zpproached on this occasion
80 near the unexplored shore of Greenland that the
land appeared distinet and bold, Mr. Scoresby was
anxious to obtain adrawing of it, but on making the
atternpt he found that the outline was constantly
changing, and he was induced to examine the coast
with a telescope, and to sketch the various appear-
ances which presented themselves. These are
ehown, without any refard o their proper order, in
Fig. 34, which we shzall describe in Mr. Scoreshy’s

Fig. 3.

own worda: “The general telescopic appearance
of the comst was that of an extensive ancient city
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abounding with the ruins of castles, obelisks,
churches, and monuments, with other large and con-
spicuous buildings. Some of the hills seemed to be
surmounted by turrets, battlements, spires, and pin-
nacles; while others, subjected to one or two re-
flections, exhibited large masses of rock, apparently
suspended in the air, at a considerable elevation
above the actual termination of the mountains to
which they referred. The whole exhibition was a
grand phantasmagoria. Scarcely was any particular
portion sketched before it changed its appearance,
and assumed the form of an object totally different.
It was perhaps alternately a castle, a cathedral, or
an obelisk; then expanding horizontally, and coa-
lescing with the adjoining hilis, united the interme-
diate valleys, though some miles in width, by abridge
of a single arch, of the most magnificent appear-
ance and extent. Notwithstanding these repeated
changes, the various figures represented in the draw-
ing had all the distinctness of reality ; and not only
the different strata, but also the veins of the rocks,
with the wreaths of snow occupying ravines and fis-
sures, formed sharp and distinct lines, and exhibited
every appearance of the most perfect solidity.”
One of the most remarkable facts respecting aerial
images presented itself to Mr. Scoresby in a later
voyage, which he performed to the coast of Green-
land in 1822. Having seen an inverted image of a
ship in the air, he directed to it histelescope ; he was
able to discover it to be his father’s ship, which was
at the time below the horizon. “It was,” says he,
“ 30 well defined, that I could distinguish by a tele-
scope every sail, the general rig of the ship, and its
particular character; insomuch that I confidentl
pronounced it to be my father’s ship, the Fame, whic{
1t afterward proved to be; though, on comparing
notes with my father, I found that our relative po-
sition, at the time, gave a distance from one anotggr
of very nearly 30 miles, being about seventeen miles
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beyond the horizon, and some leagues beyond the
limit of direct vision. I was so struck with the

eculiarity of the circumstance, that I mentioned
it to the officer of the watch, stating my full con-
viction that the Fame was then cruising in the
neighbouring inlet.”

Several curious effects of the mirage were observed
by Baron Humboldt during his travels in South
America. When he wasresiding at Camana, he fre-
quently saw the islands of Picuita and Boracha sus-
pended in the air, and sometimes with an inverted
image. On one occasion he observed small fishing-
boats swimming in the air, during more than three
or four minutes, above the well-defined horizon of
the sea, and when they were viewed through a tele-
scope, one of the boats had an inverted image ac-
companying it in its movements. This distinguished
traveller observed similar phenomena in the barren
steppes of the Caraccas, and on the borders of the
Orinoco, where the river is surrounded by sandy
plains, Little hills and chains of hills appeared sus-
pended in the air, when seen from the steppes, at
three or four leagues’ distance. Palm-trees standing
single in the Llanos appeared to be cut off at bottom,
as if a-straturn of air separated them from the
ground; and, as in the African desert, plains desti-
tute of vegetation appeared to be rivers or lakes.
At the Mesa de Pavona M. Humboldt and M. Bon-
pland saw cows suspended in the air at the distance
of 1000 toises, and having their feet elevated 3' 20"
above the soil. In this case the images were erect,
but the travellers learned from good authority that
inverted images of horses had been seen suspended in
the air near Calabozo.

In all these cases of aerial spectres the images
were directly above the real object; but a curious
case was observed by MM. Jurine and Soret on
the 17th September, 1818, where the image of the
vessel was on one side of the real one. About ten

M2
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o’clock P. M. a bark at the distance of about 4000
toises from Bellerive, on the Lake of Geneva, was
seen approaching to Geneva by the left bank of the
lake, and at the same time an image of the sails
was observed above the water, which instead of
following the direction of the bark, separated from
it and appeared to approach Geneva by the right
bank of the lake, the image moving from east to
west, while the bark moved from north to south.
‘When the image first separated from the bark they
had both the same magnitude, but the image dimin-
ished as it receded from it, and was reduced to one-
half when the phenomenon disappeared.

A ‘very unusual example of aerial spectres oc-
curred to Dr. A. P. Buchan while walking on the
cliff about a mile to the east of Brighton on the
morning of the 28th November, 1804. “ While
watching the rising of the sun,” says he, “I turned
my eyes directly towards the sea, just as the solar
disk emerged from the surface of the water, and saw
the face of the cliff on which I was standing repre-
sented precisely opposite to me at some distance
on the ocean. Calling the attention of my com-
panion to this appearance, we discerned our own
figures standing on the summit of the apparent oppo-
site cliff, as well as the representation of the wind-
mill near at hand. - '

“The reflected images were most distinct pre-
cisely opposite to where we stood, and the false cliff
seemed to fade away, and to draw near to the real
one, in proportion as it receded towards the west.
This phenomenon lasted about ten minutes, or till
the sun had risen nearly his own diameter above
the surface of the ocean. The whole then seemed.
to be elevated into the air, and successively disap-
peared, giving an impression very similar to that
which is produced by the drawing up of a drop-scene
in the theatre. The horizon was cloudy, or per-
hape it might with more propriety be said that the
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surface of the sea was covered with a dense fog of
yuany yards in height, and which gradually receded
befare the rays of the sun.” : .

An illusion of a different kind, though not lesa in-
teresting, is described by the Reverend Mr. Hughea
in his Travels in Greece, as seen from the summit
of Mount Atna. “ 1 must not forget to mentien,”
saya he, “ one extraordinary phenomenon, which
we observed, and for which I have searched in vain
for a satisfactory solution. At the extremity of
the vast shadow which Altna projects across the
island, appeared a perfect and distinct image of the
mountain itself, elevated above the horizon, and
diminished as if viewed in a concave mirror. Where
or what the reflection could be which exhibited this
image I cannot conceive ; we could not be mistaken
in its appearance, for all our party obscrved it, and
we had been prepared for it beforehand by our Cata-
nian friends, It remained visible about ten minutes,
and disappeared as the shadow decreased. Mr. Jones
observed the same Ehenomenon-, ag well as some
other friends with whom I conversed upon the sub-
ject in England.”

It is impossitle to study the preceding phenom-
ena without being impressed with the conviction,
that nature is full of the marvellous, and that the
progress of science and the diffusion of knowledge
are alone capable of dispelling the fears which her
wonders must necessarily excite even in enlightened |
minds. When 3 spectre haunts the couch of the
sick, or follows the susceptible vision of the in-
valid, a consciousness of indisposition divests the ap-
parition of much of iis terror, while its invisibility
to surrounding friends soon stamps it with the im-
press of a false perception. The spectres ol the
conjurer too, however skilfully they may be raised,
%uickly lose their supernatural character, and even
the most iﬂll?rant beholder regands the modern ma-
gician as an ordinary man, who borrows from
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the sciences the best working implements of his
art. But when, in the midst of solitede, and in
. situations where the mind is undisturbed by sube
lunary cares, we see our own image delineated in
the air, and mimicking in gigantic perspective the
tiny movements of humanity ;—when we see troops
in military array performing their evolutions on the
very face of an almost inaccessible precipice ;—
when in the eye of day a mouniain seems to be-
come transparent, and exhibits on one side of it a
eastle which we know to exist only on the other ;—
when distant objects concealed by the roundness of
the earth, and beyond the cogmizance of the tele-
gcope, are actually transferred over the intervening
convexity, and presented in its distinct and magnified
oulline {0 our accurate examination;—when such
varied and striking phantasme are seen also by all
around us, and therefore appear in the character of
real phenomena of nature, our impressions of su-
pernatural agency can only be removed by a distinct
and satisfactory knowledge of the causes which gave
them birth.

1t is only within the last forty years that science
has brought these atmospherical spectres within the
circle of her dominion; and not oniy are all their
phenomena susceptible of distinct explanation, but
we can even reproduce them on a small scale with
the simpiest elements of our optical apparatus.

In order {o convey a general idea of the causes
of these ﬁlphenomena, let ABCD, Fig. 35, be a glass
trough filled with water, and let a small ship be
placed at 8. An eye situated about E will see the
top-mast of the ship §, directly through the plate
of glass BD. Fix a convex lens « of short focus
upon the plate of glass BD, and a liitle above a
straight line SE joining the ship and the eye; and
immediately above the convex lens « place a con-
cave one b The eye will now see through the
coavex lens ¢ an snverted image of the ship at &,
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and ihrough the concave lens & an erect imsge of
the ship at 8", representing in a general way the
phenomena shown in Fig. 33. But it wili be asked,

Fig. 85.

where zre the lenses in nature {0 produce these ef-
fectst Thizs question is easily answered. If we
take atin tube with glass plates at each end, and
fill it with water, and if we cool it on the ouiside
with ice, if will act like & concave lens when the
cooling effect has reached the axis; and, on the other
hand, if we heat the same tube filed with water,
on the cutside, it will act as a conver glass. In the
first case the density of the water dimimshes towards
the centre, and in the second it increases towards
the centre. 'The very same eflects are produced in
the air, only & greater iract of air i necessary for
showing the effect produced, by heating and cooli

it unequally. If we now remove the lenses g, &, an
hold & heated iron horizontally above the water in
the trough ABC, the heat will graduslly descend,
expanding or Tendering rarer the upper portions of
the fluid. If, when the heat has reached within a
littie of the bottom, we look through the trough at
the ship 8 in the direction of ES’, we shall see an
inverted image &t &, and an erect one at B”, and if
we hide from the eye at E aii the ship 5 excepling
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the top-mast, we shall have an exact representation
of the phenomenon in Fig. 33. The experiment
will succeed better with oil in place of water; and
the same result may be obtained without heat, by
pouring clear syrup into the glass trough till it is
nearly one-third full, and then filling it up with water.
The water will gradually incorporate with the syrup,
and produce, as Dr. Wollaston has shown, a regular
gradation of density, diminishing from that of the pure
syrup to that of the pure water. Similar effects may
be obtained by using masses of transparent solids,
such as glass, rock salt, &c.

Now it is easy to conceive how the changes of
density which we can thus produce artificially may
be produced in nature. If in serene weather the
surface of the sea is much colder than the air of the
atmosphere, as it frequently is, and as it was o a
very great degree during the phenomena described
by Mr. Scoresby, the air next the sea will gradually
become colder and colder, by giving out its heat to
the water ; and the air immediately above will give
out its heat to the cooler air immediately below it,
so that the air from the surface of the sea to a con-
siderable height upwards will gradually diminish in
density, and therefore must produce the very phe-
nomena we have described.

The phenomenon of Dover Castle seen on the
Ramsgate side of the hill was produced by the air
being more dense near the ground, and above the
sea, than at greater heights; and hence the rays pro-
ceeding from the castle reached the eye in curve
lines, and the cause of its occupying its natural po-
sition on the hill, and not being seen in the air, was
that the top of the hill itself, in consequence of be-
ing so near the castle, suffered the same change
from the varying density of the air, and therefore
the castle and the hill were equally elevated and re-
tained their relative positions. The reason why the
image of the castle and the hill appeared erect was,
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that the rays from the top and bottom of the castle
had not erossed before they reached Ramsgate; but
as they met at Ramsgate, an eye at & greater dis-
tance from the caatle, and in the path of the rays,
would have seen the image inverted. This will be
better understood from the annexed diagram, which
represents the actual progress of the rays, froma
ship SP, concealed from the observer at E by the
convexity of the earth PQE. A ray proceeding

" Fig, 36,

from the keel of the ship P is refracted into the
curve line PczcE, and a ray proceeding from the
top-mast & .is refracted in the direction SdzdL,
the two rays crossing at r, and proceeding te the
eye E with the ray from the keel P uppermost;
hence the ship must appear inverted as at sp. Now
if the eye E of the observer had been placed nearer
the ship, as at r, before the rays crossed, as was the
case at Ramsgate, it would have seen an erect
image of the ship raised a little above the real ship
SP. Rays Sm, 8n, proceeding higher up in the
air, ate refracted in the directions SmmE, SrrE,
but do not cross before they reach the eye, and
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therefore they afford the erect image of the ship
shown at &'p'. .

The gerial troopers seen at Souterfell were pro-
duced by the very same process as the spectre of
Dover Castle, having been brought by unequal re-
fraction from one side of the hill fo the other. It
is not our business to discover how a troop of soi-
diers came to be performing their evolutions on the
other side of Souterfell; but if there was then ne
road along which they could be marching, it is highly
probable that they were {roops exercising among
the hilla in secret previons to the breaking ont of the
rebellion in 1745,

The image of the Genevese bark which was seen
sailing at z distance from the real one arose from
the same cause as the images of ships in the air,
with thie difference only, that in this case the strata
of equal deusity were vertical or perpendicualar to
the water, whereas in the former cases they were
horizontal or parallel to the water. The state of
the air which produced the lateral image may be
produced by a headland or island, or even rocks,
near the surface, and covered with water. These
headlands, islands, or sunken rocks, being powerfully
heated by the sun in the daytime, will heat the air
immediately above them, while the -adjacent air
over the sea will retain its former coclness and
density. Hence there will necessarily arise a gra-
dation of density varying in the same herizontal
dirgction, or where the lines of equal density are
vertical. If we suppose the very same state of the
air to exist in a horizontal plane which exists in a
vertical plane, in Fig. 36, then the same images
would be seen in a horizontal line, viz. an inverted
one at sp, and an erect one at s’#. In the case
of the Glenevese bark the rays had not crossed be-
fore they reached the eye, and therefore the image

- wag an erect one. Had the rcal Genevese bark
been concealed by some promontory or other cause
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from the observation of M.M. Jurine and Soret,
they might have attached a supernatural character
to the spectral image, especially if they had seen it
gradually decay, and finally disappear on the still
and unbroken surface of the lake. No similar fact
had been previously observed, and there were no cir-
cumstances in the case to have excited the suspicion
that it was the spectre of a real vessel produced by
unequal refraction.

The spectre of the Brocken and other phenomena
of the same kind have essentially a different origin
from those which arise from unequal refraction.
They are merely shadows of the observer projected
on dense vapour or thin fleecy clouds, which have
the power of reflecting much light. They are seen
most frequently at sunrise, because it is at that time
that the vapours and clouds necessary for their pro-
duction are most likely to be generated; and they
can be seen only when the sun is throwing his rays
horizontally, because the shadow of the observer
would otherwise be thrown either up in the air, or
down upon the ground. If there are two persons
looking at the phenomenon, as when M. Haue and
the landlord saw it together, each observer will see
his own image most distinctly, and the head will be
more distinct than the rest of the figure, because the
rays of the sun will be more copiously reflected ata
perpendicular incidence ; and as from this cause the
light reflected from the vapour or cloud becomes
fainter farther from the shadow, the appeatance of
a hualo round the head of the observer is fréquently
visible. M. Haue mentions the extraordinary cir-
cumstance of the two spectres of him atid the land-
lord being joined by a third figure, but he unfortu-
nately does not inform us which of the two figures
was doubled, for it is impossible that a person could
have joined their party unobserved. It isvery proba-
ble that the new spectre forms a natural addition to
the group, as we have represented it in Fig. 30, and

' N
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if this was the case, it could only have been pro-
duced by a duplication of one of the figures pro-
duced by unequal refraction.

The reflected spectre of Dr. Buchan standing upon
the cliff at Brighton arose {rom z cause to which we
have not yet adverted. 1t was obviously no shadow,
for it is certain froms the Jocality that the rays of
the sun fell upon the face of the cliff and upon his per-
son at an angle of about 73° from the perpendicular,
80 29 to tlluminate them strongly. Now there are
two ways in which such an image may have been
refiected, namely, either from strata of air of variable
density, or from a vertical stratum of vapour, con-
sisting of exceedingly minute plobules ol water.
Whenever light suffers refruetion, either i passing
at once from one medium into another, or from cne
part of the same medium into another of different
density, a portion of it suffers reflection. 1If an ob-
ject, therefore, were strongly illuminated, z suffi-
ciently distincl image, or rather shadow of it, might
be seen by refleclion {rom strata of air of different
density. As the temperature at which moisture is
deposited in the atmosphere varies with the density
of the air, then at the same temperature moistu
might be depositing in a stratum of one density, while
no deposition is taking place in the adjucent stratum
of a different density.  Hence there would exist, as
it were, in the air a vertical wall or stratum of mi-
rute globules of water, from the surlace of which
a sufficiently distinct image of a highiy illuminated
object might be reflected.  'That this 1s possible may
be proved by breathing upon glass.  If the particles
deposited upon the glass are large, then ne distinet
reflection will take place; but if the particles be
very small, we shall see a distinet image formed by
the surface of the aqueous film.

The phenomena of the Fatz Morgana have been
too imperfectly described to enable us to offer u sat-
isfactory explanation of them. The aerizl images
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are cbviously those formed by unequal refraction.
The pictures seen on the sea may be either the aerial
images reflected from its surface, or from a stratum
of dense vapour, or they may be the direct reflections
from the objects themselves. The coloured images,
a8 described by Minasi, have never been seen inany
analogous phenomena, and require to be better de.
acribed before they can be submitted to scientific ex-
amination.

The representation of ships in the air by unequal
refraction has no doubt given rise in early times to
those superstitions which have prevailed i different
countries respecting “ phaotom ships,” as Mr. Wash-
ington Irving calls them, which always sail in the eye
of the wind, and plough their way throngh the smooth
sea, where there is not a breath of wind upon its
surface. Ibp his beautiful story of the storin ship,
which makes its way up the Hudson against wind
and tide, this elegant writer has finely imbodied one
of the maost intevesting superstitions of the early
American colonists. The Flying Dotchman had in
all probability a similar origin, and the wizard bea-
con-keeper oV the Isle of France, who saw in the air
the vessels bound to the island long befcre they ap-

" peared in the offing, must have derived his power from
a diligent observation of the phenomena of nature,
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LETTER VIL

Muontn deperding on the Ear—Practised by the Anel Bpraking
and Bine ¢ Teads of the Ancienin—Exmbition of the Invisbte Qs
dencribe and explrined —=1tusione sciaing from the Diflewity of dev
1ermining ce Direclion of Sonndr—Singuiar £ le of chia Tliuson
w=Nnture of Yenlrilng Exhibitionns of some ol the 1nowl colebraiod
Yeniriloquiste--M, 81, Gitle—Louin Brab M. Al dre—CapL
Lyon's Account of Eshimauz Yeitrioqulsis,

Nexr to the eye the ear is the most fertile source
of our illusions, and the ancient magiciang seem lo
have been very successful in turning 1o their pur-
Eoses the doctrines of sound. In the labyrinth of

t, which confained twelve palaces and 1500
subterranecus apartments, the gods were made to
speak in a voice of thunder; and Pliny, in whose
time thiy singular structure existed, inferms us that
aome of the palaces were so constructed that their
doors could not be opened withoul permitting the
wa.ls of thunder from being heard in the interior.

'hen Darina Hystaspes- ascended the throne, and
allowed his subjects to prostrate themselves before
him as a god, the divinity of his character was im-

ressed upon his worshippers by the bursts of thun-
ser and flashes of lightning which accompanied their
devotion. History has of-course not informed us
how these effects were produced; but it is probable
that, iz the subterraneous and vaulted apartmenta
of the Egyptian labyrinth, the reverberated sounds
arising from the meve opening and shutting of the
doorathemselves afforded a sufficient imitation of or.
dinary thunler. In the palace of the Persian king,
however, a more artificial imitation ia likely to have
been employed, and it is not improbable “that the
method used in our modern theatres wasknown to the
gacienta, A thin sheet aof iron, three or four feet

e —
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long, such as that used for German stoves, is held by
one corner hetween the finger and the thumb, and
allowed to hang freely by its own weight. - The hand
is then moved or shaken horizentally, so as to agitais
the carner in a direction at right angles to the surface
of the sheet. By this simple process a great variety
of sounds will be produced, varying from the deep
growl of distant thunder to those loud and expinsive
bursts which rattie in quick succession from clouds
immediately over our heads. ‘The operator soon
acquires great power over this instrument, so as to
be able to praduce from it any intensity and char.
acter of sound that may berequired. 'Thesame effect
may be produced by sheets of tin-plate, and by thin
plates of mica; but on account of their small size,
the sound is shorter and more acute. In modernex-
hibitiops an admirable imitution of lightning is pro-
duced by throwing the powder of rosin, or the dust
of lycopodium, throush a flame, and the rattling
showers of rain which accompany ihese meteorsare
- well imitated by a well regulated shower of peas.

The principal pieces of acoustic mechanism used
by the ancients were speaking or singing heads, which
were caonsirncted for the purpose of representing the
gods, or af utfering oracular responses. Among
these, the speaking head of Orpheus, which uttered
ita responses at Lesbos, is one of the maost famous,
It was celebrated, not only throughoat Greece, but
even in Persia, and it had the credit of predieting,
in the equivocal language of the heathen oracles, the
bioody death which terminated the expedition of Cy-
rus the Great inte Scythia. Odin, the mighty ma-
gician of the north, who imported inte Scandinavin
the magical arts of the East, possessed a speaking
head, said to be that of the sage Minos, which he
had enchased in gold, and which uttered responses
that had all the authority of a divine reveiation.
The celesrated mechanic Gerbert, who filled the R-
pel chair A. D. }ooo,undgét’}wenameofsytvum ’
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constructed a speaking head of brass. Alberhms
Magnus is said to have executed a head in the thir-
teenth century, which not only moved but spoke.
It was made of eartlienware, and Thomas Aquinas
in said to have been so terrified when he saw it, that
he broke it in pieces, upon which the mechanist ex-
claimed, “ There goes the labour of thirty years.”

It has heen supposed by some authors, that in the
_ sncient speaking machines the deception is effected

by means of ventriloguism, the voice issuing f{rom
the juggler himself; but it is more probable that the
sound was conveyed by pipes from a persen inanother
apartment to the mouth of the figure. Lucien,
indeed, expressly informs us, that the impostor Alex-
ander made hia figure of Alscutupius speak by trans-
mitting his voice through the guliet of 2 crane to
the mouth of the statue; and that this method was
general appears from a lpassag-e in Theodoretus, who
assures us, that in the fourth century, when Bishop
Theophilus broke to pieces the statues at Alexandria,
he found some which were hollow, and which were
80 placed againat & wall that the priest could con-
ceal himser;%.lbehind them, and address the ignorant
epectators through iheir mouths.

“Even in modern times, speaking-machines have
been constructed on this principle. The figure is
frequently a mcre head placed upon a hollow pedes.
tal, which, in order to promote the deception, con.
tains a pair of bellows, a sounding-board, & cylinder,
and pipes supposed torepresent the organs of speech.
In other cases, these are dispensed with, and a simple
wooden head utters ity sounds through 2 speaking
trumpet. At the court of Charles I1. this deception
was exhibited with great effect by one Thomas Ireon,
&n BEnglishman, and when the zatonishment had be-
come very general, 2 popish priest was discovered by
one of the pages in an adjoining apariment. The
questiona had been proposed to the wooden figure by
whispering into ite ear, and this lsarned perscnage
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had answered them all with great ability, by speaking
through 2 pipe in the same language in which the
questions were proposed. Prcfessor Beckmann
informs us that children and women were generally
cancealed either in the juggler's box or in the adja-
cent apartment, and that the juggler gave them every
assiatance by means of signs previously agreed npon.
When one of these exhibitiong was shown at Got-
tiugen, the professor was allowed, on the promise
of secrecy, to witness the process of deception. He
saw the assistant in another room, standing before
the pipé with a card in his hand, upon which the
signs agreed upon had been marked; and he had been
introduced se privately into the house that even the
landlady was ignorant of his being there.

An exhibition of this very same kind has been
brought forward in our own.day, under the name of
the Jnvisible Girl; and as the mechanism employed

was extremely ingenious, and is well fitted to con-

wvey an idea of this class of deceptions, we shall give

3 Ietailed description of it. : T
The machinery, as consiructed by M, Charles, is
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shown in Fig. 37 in perspective, and & plan of it in
Fig. 38, The four upright posts A,A,A,A, are united
at top by a cross rail B,B, and by two similar rails
at botlom. Four bent wires a,4.2,a, proceeded from
the top of these posts, and terminated at ¢. A hol-
low copper ball M, about a foot in diameter, was
suspended from these wires by four slender ribande
55,05, and into the copper ball were fixed the ex.
tremities of four trumpets, T,T.T,T, with their
mouths outwapds. .

~surr-wf
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The apparatus now desacribed was all that was
visible to the specilator; and though fixed in one
spot, yet it had the appearance of a piece of sepa-
rate machiaery, which might have cccupied any
other part of the room.  When one of the specta-
tors was requested by the exhibiter to propose some
question, he did it by speaking intc one of the
trumpets at T. An appropriate answer was then
returned from ell the trumpets, and the sound
issued with sufficient intensity to be heard by.an ear
applied to any of them, and yet it was so weak that
it appeared to come from z person of very diminu-
tivo size. Hence the scund was supposed to come
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from an invisible girl, though the real speaker was
a full-grown woman. The invisible lady conversed
in different languages, sang beautifully, and made
the most lively and appropriate remarks on the per-
sons in the room.

This exhibition was obviously far more wonderful
than the speaking heads which we have described,
as the latter invariably communicated with a wall,
or with a pedestal through which pipes could be
carried into the next apartment. But the ball M
and its trumpets communicated with nothing through
which sound could be conveyed. The spectator
satisfied himself by examination that the ribands 4,5,
were real ribands, which concealed nothing, and
which could convey no sound, and as he never con-
ceived that the ordinary piece of framework AB
could be of any other use than its apparent one of
supporting the sphere M, and defending it from the
spectators, he was left in utter amazement respect-
ing the origin of the sound, and his surprise was in-
creased by the difference between the sounds which
were uttered and those of ordinary speech.

Though the spectators were thus deceived by their
own reasoning, yet the process of deceptinn was a
. very simple one. Intwo of the horizontal railings,
A,A, Fig. 38, opposite the trumpet mouths T, there
was an aperture communicating with a pipe or tube
which went to the vertical post B, and descending
it, as shown at TAA, Fig. 39, went beneath the
floor ff in the direction pp, and entered the apart-
nment N, where the invisible lady sat. On the side
of the partition about % there was a small hole,
through which thelady saw what was going on in
the exhibition room, and communications were no
doubt made to her by signals from the person who
attended the machine. When one of the spectators
asked a question by speaking into one of the trum-
pets T, the sound was reflected from the mouth of
the trumpet back to the aperture at A, in the hori-
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zontal rail, Fig. 38, and was distinctly conveyed
along the closed tube into the apartment N. In like
manner, the answer issued from the aperture A, and
being reflected back to the ear of the spectator by
the trumpet, he heard the sounds with that change
of character which they receive when transmitted
through a tube and then reflected to the ear.

Fig. 3.

The surprise of the auditors was greatly increased
by the circumstance that an answer was returned
10 questions put in a whisper, and also by the con.
viction that nobody but a pereon in the middle of
the andience could observe the circumstances to
which the invisible figure frequently adverted.

Although the performances of speaking heads
were generally effected by the methods now de-
acribed; yet there is reason to think that the ven.
triloguist sometimes presided at the exhibition, and
deceived the audience by his extraordinary powers
of illuaion. ‘There is no species of Jeception more
irresistible in its effects than that which arises from
the uncertainty with which we judge of the direction
and distance of sounds. Every person must have
noticed how a sound in their own ears is often mis.



[

ILLUSIONS OF SOUND, 158

taken for some loud noise moderated by the distance
from which it is supposed to come; and the sports-
-man must have frequently been surprised at the exist-
ence of musical sounds humming remotely in the
extended heath, when it was only the wind sounding
in the barrel of his gun. The great proportion of
apparitions that haunt old castles and apartments
associated with death exist only in the sounds
which accompany them. ‘The imagination even of
the boldest inmate of a place hallowed by supersti-
tion will transfer some trifling sound near his own
person to a-direction and to a distance very different
from the truth, and the sound, which otherwise
might have no peculiar complexion, will derive
another character from its new locality. Spurning
the idea of a supernatural origin, he determines to
unmask the spectre, and grapple with it in its den.
All the inmates of the house are found to be aslcep,
even the quadrupeds are in their lair; there is not a
breath of'wind to ruffle the lake that reflects through
the ‘casement the reclining crescent of the night;
and the massive walls in which he is enclosed forbid
the idea that he has been disturbed by the warping
of paneling or the bending of partitions. Hissearch
is vain; and he remains master of his own secret
till he has another opportunity of investigation.
The same sound again disturbs him, and, modified
probably by his own position at the time, it 1nay
perhaps appear to come in a direction slightly differ-
ent from the last. His searches are resumed, and
he is again disappointed. If this incident should
recur night after night with the same result; if the
sound should appear to depend upon his own motions,
or be any how associated with himself, with hig
present feelings, or with his past history, his per-
sonal courage will give way, a superstitious dread.
at which "he himself perhaps laughs, will seize his
mind, .and he will rather believe that the sounds
have a supernatural origin than that they could con-
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tinue to issue from a spot where he knows there s
1o natural cause for their production.

I huve had occasion to have personal knowledge
of a case much stronger than that which has now
been put. A gentleman devoid of all superstitions
feelings, and living in a house free from any gloomy
asaoclations, heard night after night in his bedroom
a singular noise, unlike any ordinary sound to which
he was accustomed. He had slept in the same room
for years without hearing it, and he attributed it at
first to some change of circumstances in the roof or
in the walls of the room, but after the strictest ex-
amination, no cause could be found for it. It ecs .
curred only once in the night: it was heard almost
every night: with few interruptions. It was overin
an instant, and it never took place till after the gen-
tleman had gone o bed. It was alweys distinctly
hea.d by his companion, to whose time of going to
bed it bhad no relation. It depended on the gentle-
an alone, and it followed him into anather apart-
ment with another bed, on the oppnsite side of the
house. Accustomed to such investigations, he made
the mont diligent but fruitless search into its cause,
The consideration that the sound had a special refer-
ence to himn alone operated wpon his imagination,
and he did not scruple to acknowledge that the re-
currence of the mysterions sound produced a super-
stitious feelin%' at the moment. Many months after-
ward it was found that the sound arose from the
partial opening of the door of a wardrobe which was
within a few feet of the gentleman’s head, and which
had been taken into the other apartment. This
wardrobe was almost always opened before he re-
tired to bed, and the door being a little too tight, it
gradually forced itself open with a sort of dull sound
resembling the note of a drum. As the door had
only started half an inch cut of its place, its chucge
of place never attracted attention. The sound, in-
deed, seemed to come in a different direction, and
{romn a greater distance.
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When sounds so mysterious in their origin are
heard by persons predisposed to a belief in the mar-
vellous, their influence over the miind must be very
powerful. Aninquiry into their origin, if it is made
at all, will be made more in the hope of confirming
than of removing the original impression, and the
unfortunate victim of his own fears will -also be the
willing dupe of his own judgment.

This uncertainty with respect to the direction of
sound is the foundation of the art of ventriloquism.
if we place ten men in a row at such a distance from
us that they are included in the angle within which
we cannot judge of the direction of sound, and if in
a calin day each of them speaks in succession, we
shall not be able with closed eyes to determine from
which of the ten men any of the sounds proceeds,
and we shall be incapable of perceiving that there
is any difference in the direction of the sounds emitted
by the two outermost. If a man and a child are
pf;ced within the same angle, and if the man speaks
with the accent of a child without any corresponding
motion in his mouth or face, we shall necessarily
believe that the voice comes from the child: nay,
if the child is so distant from the man that the voice
actually appears to us to come from the man, we
will still continue in the belief that the child is the
speaker ; and this conviction would acquire additional
strength if the child favoured the deception by ac-
commodating its features and gestures to the words
spoken by the man. So powerful, indeed, is the
influence of this deception, that if a jackass placed
near the man were to open its mouth, and shake its
head responsive to the words uttered by his neigh-
bour, we would rather believe that the uss spoke
than that the sounds proceeded from a person whose
mouth was shut, and the muscles of whose face were
in perfect repose. If our imagination were even
directed to a marble statue or a lump of inanimate
matter, as the source fronol which we wers to expect
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the sounds to issue, we would still be deceived, and
would refer the sounds even to these lifeless objects.
The illusion would be greatly promoted if the voice
were totally different in its tone and character from
that of the man from whom it really comes; and if
he occasionally speak in his own full and measured
voice, the belief will be irresistible that the assumed
voice proceeds from the quadruped or from the in-
animate object.

‘When the sounds which are required to proceed
from any given object are such as they are actuaily
caiculated to yield, the process of deception is ex-
tremely easy, and it may be successfully executed
even i(y the angle between the real and the supposed
directions of the sound is much greater than the
angle of uncertainty. Mr. Dugald Stewart has stated
some cases in which deceptions of this kind were
very perfect. He mentions his having seen a person
who, by counterfeiting the gesticulations of a per-
former on the violin, while he imitated the music by
his voice, riveted the eyes of his audience on the
instrument, though every sound they heard proceeded
from his own mouth. The late Savile Carey, who
imitated the whistling of the wind through a narrow
chink, told Mr. Stewart that he had frequently prac-
tised this deception in the corner of a coffee-house,
and that he seldom failed to see some of the company
rise to examine the tightness of the windows, while
others, more intent on their newspapers, contented
themselves with putting on their hats and buttoning
their coats. Mr. Stewart likewise mentions an ex-
hibition formerly common in some of the continental
theatres, where a performer on the stage displayed
the dumb show of singing with his lips and eyes and
gestures, while another person unseen supplied the
music with his voice. The deception in this case he
found to be at first so complete as to impose upon
the nicest ear and the quickest eye; but in the pro-
gress of the entertainment, he became distinctly sens
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sible of the imposition, and sometimes wondered
that it should have misled him for a moment. In
this case there can be no doubt that the deception
was at first the work of the imagination, and was
not sustained by the acoustic principle. The real
and the mock singer were too distant, and when the
influence of the imagination subsided, the true direc-
tion of the sound was discovered. This detection of
the imposture, however, may have arisen from another
cause. If the mock singer ‘happened to change the
position of his head, while the real singer made no
corresponding change in his voice, the attentive
spectator would at once notice this incongruity, and
discover the imposition.

In many of the feats of ventriloquism the per-
former contrives, under some pretence or other, to
conceal his face, but ventriloquists of great distinc-
tion, such as M. Alexandre, practise their art without
an% such concealment.

entriloquism loses its distinctive character if its
imitations are not performed by a voice from the
belly. The voice, indeed, does not actually come
from that region, but when the ventriloquist utters
sounds from the larynx without moving the muscles
of his face, he gives them strength by a powerful
action of the abdominal muscles. Hence he speaks
by means of his belly, although the throat is the real
source from which the sounds proceed. Mr. Dugald
Stewart has doubted the fact that ventriloquists
Eossess the power of fetching a voice from within:
e cannot conceive what aid could be derived from
such an extraordinary power; and he considers that
the imagination, when seconded by such powers of
imitation as some mimics possess, is quite sufficient
to account for all the phenomena of ventriloquism
which he has heard. This opinion, however, is
strongly opposed by the remark made to Mr. Stewart
himselly by a ventriloquist, “that his art would be
perfect if it were possible only to speak distinctly
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without any movement of the lips at all.” But,
independent of this admission, it is & matter of ab.
sojute certainty that this internal power is exercised
by the true ventriloguist. In the account which the
Abbé Chapelle has given of the performances of M.
81. Gille and Louis Brabant, he distinetly states that
M. St. Gille appeared to be absoluiely mute while
he was exercising his art, and that no change in his
countenance could be discovered.* He affirms also
that the countenance of Louis Brabant exhibited oo
change, and that his lips were close and inactive,
M. Richerand, who attentively watched the perform-
ances of M. Fitz.James, assures us that during his
exhibition there was 2 giatension in the epigastrie
region, and that he could not long continue the exer.
tion without fatigue.

The influence over the human mind which the
ventriloguist derives from: the skilful praclice of his
art is greater than that which is exercised by any
other apecies of conjurer. The ordinary magician
requires his theatre, his accomplices, and the instru-
ments of his art, and he enjoys but a local sove-
reignty within the precincts of his own magic circle.
The ventriloyuist, on the conirary, has the super-
natural always al his command. In the open fields,
as well as in the crowded city—in the private #part-
ment, ag well as in the public hall, he can surminon
up innumerable epirits; and though the persons of
his fictitious dialogue are not visible to the eye, yet
they are ag unequivocally present o the imamnation
of his auditors as if they had been shadowed forth
in the silence of a spectral form. [n order to conve
some idea of the influence of this illusion, § shall
mention a few well authenticated cases of succeasful
ventriluguism.

M. St. Gille, a grocer of §t. Germzin en Laye,
whose performances have been recorded by the Abbé

» Edinburgh Jowrnal of Beience, No. xvitl p. 834,
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fe 1a Chapelle, had occasion to shelter himself from
a storm in a neighbouring convent, where the monks
were in deep mourning for 2 much esteemed member
of their community who had been recently buried.
While lamenting over the tomb of their deceased
brother the slight honours which had been paid to
his memory, a voice was suddenly heard to issue
from the roof of the choir bewailing the condition of
the deceased in purgatory, and reproving the brother-
hood for their want of zeal. The tidings of this super-
natural event brought the whole brotherhood to the
church. The voice from above repeated its lament-
ations and reproaches, and the whole convent fell
upon their faces, and vowed to make a reparation
of their error. They accordingly chanted in full
choir a de profundis, during the intervals of which
the spirit oi?rthe departed monk expressed his satis-
faction at their pious exercises. The prior after-
ward inveighed against modern skepticism on the
subject of apparitions, and M. St. Gille had great
difficulty in convincing the fraternity that the whole
was a deception.

On another occasion, a commission of the Royal
Academy of Sciences at Paris, attended by several
Eersons of the highest rank, met at St. Germain en

aye to witness the.performances of M. St. Gille.
The real object of their meeting was purposely with-
held from a lady of the party, who was informed
that an aerial spirit had lately established itself in
the neighbourhood, and that the object of the as-
sembly was to investigate the matter. When the
party had sat down to dinner in the open air, the
spirit addressed the lady in a voice which seemed
to come from above their heads, from the surface
of the ground at a great distance, or from a consid-
erable depth under her feet. Having been thus
addressed at intervals during two hours, the lady was
firmly convinced of the existence of the spirit, and
could with difficulty be u(x)ldeceived.

2
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Another ventriloquist, Louis Brabant, who had
been valet-de-chambre to Francis 1. turned his pow-
ers to 2 _more profitable account. Having fallen in
love with a rich and beautiful heiress, he was re-
jected by her parents as an unsuitable match for
their daughter. On the death of her father, Louis
paid a visit to the widow, and he had no sooner en-
tered the house than she heard the voice of her de-
ceased husband addressing her from above: “ Give
my daughter in marriage to Louis Brabant, who is a
man of large fortune and excellent character. I
endure the inexpressible torments of purgatory for
having refused her to him. Obey this admonition,
and give everlasting repose to the soul of your poor
husband.” This awful command counld not be re-~
sisted, and the widow announced her compliance
with it. .

As our conjurer, however, required money for the
completion of his marriage, he resolved to work
upon the fears of one Cornu, an old banker at Lyons,
who had amassed immense wealth by usury and ex-
tortion. Having obtained an interview with the
miser, he introduced the subjects of demons and
spectres and the torments of purgatory; and during
an interval of silence, the voice of the miser’s de-
ceased father was heard complaining of his dreadful
situation in purgatory, and calling upon his son to
rescue him from his sufferings, by enabling Louis
Brabant to redeem the Christians that were enslaved
by the Turks. The awe-struck miser was also
threatened with eternal damnation if he did not thus
expiate his own sins; but such wasthe grasp that
the banker took of his gold that the ventriloquist
was obliged to pay him another visit. On this oc-
casion, not only his father but all his deceased rela-
tions appealed to him in behaif of his own soul and
theirs, and such was the loudness of their comp.iaints
that the spirit of the banker was subdued, and he
gave the ventriloquist ten thousand crowns to libe-
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rate the Christian caplives. When the miser was
afterward undeceived, he ia said to have been ao
mortified that he died of vexation.

The ventrilogquists of the nineteenth century
made great additions to their art, and the perform-
ances of M. Fitz-James and M. Alexandre, which
must have been seen by many of our countrymen,
were far superior to those of their predecesrors.
Besides the art of speaking by the muscles of the
throat and the ahdomen, without moving those of
the face, these artisits had not only studied with
great diligerce and success the modifications which
sounds of all kinds undergo from distance, obetruc-
tions, and other causes, but had acguired the art of
imitating them in the highest perfection. The
ventriloquist wae therefore able o carry ona dia-
Yopue in which the dramatis voces, as they may be
cziled, were numerous ; and when on the outside of
an apartment he could personate a mob with ite in-
finite variety of noise and vociferation. Their in-
fluence over an audience was still further extended
by a singular power over the muscles of the body.
M. Fitz-James sctually succeeded in making the op-
posite or corresponding muscles zct differently from
ench other: and while one side of his face was
merry and laughing, the other was full of sorrow and
in tears. At one moment he was tzail, thin, and mel-
-ancholie; and afler passing behind a screen, he came
ocut ¢ bloated with obesity and staggering with ful-
ness.” M. Alexandre possessed ihe same power
over his face and figure, and so striking was the
conirast of two of these forms, that an excellent
sculptor, Mr. Joseph, has perpetuated them in
marble.

This new xcquirement of the ventriloquist ena-
bled him, iz his own single person, and with his own
single voice, to represent upon the stagze a dramatic
composition which would have regquired the asaist-
unce of sovers! actors. Although only ope chax
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acter in the piece could be seen at the same time,
yet they all appeared during its perfermance, and
the change of face and figure on the part of the
ventriloquist was 8o perfect that his personal identity
could not be recognised inthe dramatis persone.
This deception was rendered still more complete by
a particular construction of the dresses, which en-
abled the performer to reappear in a new character
after an interval so short that the audience neces-
sarily believed that it was another person.

It is a curious circumstance that Captain Lyon
found among the Eskimaux of Igloolik ventrilo~
quists of no mean skill. There is much rivalry
among the professors of the art, who do not ex-
pose each other’s secrets, and their exhibitions de-
rive great importance from the rarity of their oc-
currence. The following account of ene of them
is so interesting that we shall give the whole of it
in Captain Lyon’s words.

“ Among our Igloolik acquaintances were two
females and a few male wizards, of whom the prin-
cipal was Toolemak. This personage was cunning
and intelligent, and, whether professionally, or from
his skill in the chase, but perhaps from both rea-
sons, was considered by all the tribe as a man of
importance. As I invariably paid great deference
to his opinion on all subjects connected with his
calling, he freely communicated to me his superior
knowledge, and did not scruple to allow of my
being present at his interviews with Tornga, or his
patron spirit. In consequence of this, I took an
early opportunity of requesting my friend to ex-
hibit his skill in my cabin. His old wife was with
him, and by much flattery and an accidental dis-
play of a glittering knife and some beads, she as-
sisted me in obtaining my request. All light ex-
cluded, our sorcerer began chanting to his wife
with great vehemence, and she in return answered
by .singing the Amna-aya, which was not discon-
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tinued during the whole ceremony. As far as I
could hear, he afterward began turning himself
rapidly round, and in a loud powerful voice vocife-
rated for Tornga with great impatience, at the same
time blowing and snorting like a walrus. His noise,
impatience, and agitation increased every moment,
and he at length seated himself on the deck, varying
his tones, and making a rustling with his clothes.
Suddenly the voice seemed smothered, and was so
managed as to sound as if retreating beneath the
deck, each moment becoming more distant, and ulti-
mately giving the idea of being many feet below the
cabin, when it ceased entirely. His wife now, in
answer to my queries, informed me very seriously,
that he had dived, and that he would send up Tornga.
Accordingly, in about half a minute, a distant
blowing was heard very slowly approaching, and a
voice, which differed from that at first heard, was at
times mingled with the blowing, until at length both
sounds became distinct, and the old woman informed
me that Tornga was come to answer my questions.
I accordingly asked several questions of the saga-
cious spirit, to each of which inquiries I received an
answer by two loud claps on the deck, which I was
given to understand were favourable.

“A very hollow yet powerful voice, certainly
much different from the tones of Toolemak, now
chanted for some time, and a strange jumble of
hisses, groans, shouts, and gabblings like a turkey,
succeeded in rapid order. The old woman sang
with increased energy, and as 1 took it for granted
that this was all intended to astonish the Kabloona,
I cried repeatedly that I was very much afraid.
This, as I expected, added fuel to the fire, until
the poor immortal, exhausted by its own might,
asked leave to retire.

“The voice gradually sank from our hearing as
at first, and a very indistinct hissing succeeded ;
in its advance, it sounded like the tone produced
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by the wind on the bass chord of an Bolian harp.

his was soon changed to a rapid hiss like that of &
rocket, and Toolemak with a yell annonnced his
return. | had held my breath at the first distant
hissing, and twice exhausted myself; yet our con-
jurer did not once respire, and even his returning
and powerful yell was uttered without a previous
stop or inepiration of air.

* Light being admitted, our wizard, as might be
expected, wag in a profuse perspiration, and certainly
miuch exhausted by his exertions, which had con-
tinued for at least half an hour. We now observed h
a couple of bunches, each consisting of two stripes
of white deer-skin and a long piece of sinew, at-
tached to the back of his coat. These we had not
geen before, and were informed that they had been
sewn on by Tornga while he was below.”*

Captain Lyon had the good fortune to witness
another of Toolemak's exhibitions, and he was
much struck with the wonderful steadiness of the
wizard throughout the whole performance, which
lasted an hour and a half. He did not once appear
to move, for he was so close to the skin behind
which Captain Lyon sat, that if he had done so
he must have perceived it. Captain Lyoo did not
hear the least rustling of his clothes, or even dis.
tinguish his breathing, although his outcries were
wmade with great exertion.

* Privatr Journal of Capkain G, F, Lyon. Lond. 1684, 61,
11d.14. p. %8, o Cupmain b 38,
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Amono the discoveriez of modern science there
are few more remarkable than those which relate
to the produetion of harmonic sounds. We are all
familiar with the effects of musical instruments, from
the deep-toned voice of the organ to the wiry shrill
of the Jew’s harp. We sit entranced under their
magical influence, whether the ear is charmed with
the melody of their sounds, or the heart agitated by
the sympathies which they rouse. But though we
may admire their external form, and the skill of the
artist who constructed them, we never think of in-
quiring into the cavse of such extraordinary combi-
nations.

Sounds of all kinds are conveyed to the organ of
hearing through the air; and if this element were
to be destroyed, all nature would be buried in the
deepest gilence. Noises of every variety, whether
they are musical or discordant, high or low, move
through the air of our atmosphere at the surface of
the earth with a velocity of 1090 feet in a second,
or 766 miles per hour; but in sulphureous acid gas
sound moves only through 751 feet in a secound,
while in hydrogen gas it moves with the great ve-
locity of 3000 fect. Along fluid and solid bodies, its
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progress s stil] more ra})id. Through weater it
moves at the rate of 4708 feet in a second, through
tin at the rate of 8175 feet, and throth iron, glaes,
and some kinds of wood at the rate of 18,530 feet.
When a number of single and separate sounds
follow ezch other in rapid succession, they produce
a continued sound, in the same manner as a con-
tinuous circle of light is produced by whirling round
a burning stick before the eye. In order that the
sound may appear 2 single onc to the ear, nearly
sixteen separate sounds must follow one another
every s:cond. When these sounds are exactly
similar, and recur at equal intervals, they form 2
musical sound. In order to produce such sounds
from the air, it must receive at least sixteen equally
distant impulses or strokes in a second. The most
common way of producing this effect is by a siri
or wire AB, Fig. 40, streiched between the fize
pointa AB. If this string is taken by the middle

Fig. 40,

and pulled aside, or il it is suddenly struck, it will
vibrate between it two fixed points, as shown in
the figure, passing slternately on each side of its
sxis AB, the vibrations gradunlly diminishing by the
registanoe of the air till shoe sring is brought o reet:
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Its vibrations, however, may be kept up by drawing
arosined fiddle-bow across it, and while it is vibrating
it will give out a sound corresponding to the rapidity
of its vibrations, and arising from the successive
blows or impulses given to the air by the string.
This sound is called the fundamental sound of the
string, and its acuteness or sharpness increases with
the number of v1bra.t10ns which the string performs
in a second.

If we now touch thf- vibrating string A'B’ lightly
with the finger, or with a feather, at the middle point
C, Fig. 40, it will give out a more acute but fainter
sound than before, and while the extent of its vibra-
tions is diminished, their frequency is doubled. 1In
like manner, if we touch the string A"B”, Fig. 40,
at a point C, so that A”C is one-third of A”B”, the
note- will be still more acute, and correspond to
thrice the number of vibrations. All this might have
been expected, but the wonderful part of the experi-
ment is, that the vibrating string A’B’ divides itself

.at C into two parts A’C, CB', the part A’C vibrating
‘round A’ and C as fixed points, and the part CB’
round C and B, but always so that the part A'C is
at the same distance on the one side of the axis
A’B’ as at AmC, while the part CB is on the other
side, as at CnB. Hence the point C, being always
pulled by equal and opposite forces, remains at rest
as if it were absolutely fixed. This stationary point
is called a node, and the vibrating portions A'mC
CnB' loops. The very same is true of the string
A”B”, the points C and D being stationary points;
and upon the same principle a strmg may be divided
into any number of vibrating portions. In order to
prove that the string is actually vibrating in these
equal subdivisions, we have only to place a piece of
light paper with a notch in it on different parts of the
strmg At the nodes C and -D it will remain per-
fectly at rest, while at m or n in the middle of the
loops it will be thrown off or violently agitated.

P
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The acute sounds given out by each of the vibrating
portions are called Agrmonic sounds, and they accom-
pany the fundamental sound of the string in the very
same manncr—aus we have already seen—that the
eye sees the accidental or harmonie colours while
it is affected with the fundamental colour. :

‘The subdivision of the string, and consequently
the production of harmonic sounds, may be effected
withont touching the string at all, and by means of
& sympathetic action conveyed by the air. If a
string AB, for example, Fig. 40, is at rest, and if a
shorter string A"C, one-third of its length, fixed at
the two points A” and C, is set a-vibrating in the
same room, the string AB will be set a-vibrating in
three loops like A”B”, giving out the same harmonic
sounds 2s the small string A~C.

It is owing to this property of sounding bodies
that singers with great power of voice are able to
break into pleces u larze tumbler glass, by singing
close to it its proper fundamental note ; anditisfrom
the same sympathetic communication af vibrations
that two pendulum clocks fixed to the same wall, or
two watches lying upon the same table, will take the
same rate of going, though they would not agree
with one another if piaced in separate apartments.
Mr. Ellicott even cbserved that the pendulum of the
one clock will stop that of the other, and that the
stopped pendulum will after a certain time resume
its vibrations, and in its turn stop the vibrations of
the other pendulum.

"The production of musical sounds by the vibra.
tions of a column of zir in a pipe is familiar to eve

erscn, but the extraordinary mechanism by whic
it is effected is known principaily to philosophers.
A column of air in a pipe may be set a-vibrating by
blowing over the open end of it, as is done in Pan's
pipes, or by blowing over a hole in is side as in the
fiute, or by bluwing through an apertvre called a
reed, with 2 flexible tongue, 28 in the clarionet. In



MUSICAL ROUNDY FROM VIBRATION OF AmR. 171

order to understand the nature of this vibration let
AB, Fig. 41, be a pipe or tube, and let us place in it
a spiral spring AB, in which the coil or apire are at
equal distances, each end of the spiral being fixed to
the end of the tube. This clastic spring may be
supposed to represent the air in the pipe, which is

o LTI
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of equal density throughout. I{ we take hold of the
spring at m, and push the point s towards A and
towards B in succession, it will give us a good idea
of the vibration of an elastic column of air. When
m is pushed towards A, the spiral spring will be
compressed or condensed, as shown at mA, No. 2,
while at the other end it will be dilated or rarefied,
as shown at mB, and in the middle of the tube it will
have the same degree of compression as in No. L
When the string is drawn to the other end of the
tube B, the spring will be, as in No. 3, condensed at
the end B, and dilated at the end A. Now when a
column of air vibrates in a pipe AB, the whole of it
. rushes alternately from B to A, as in No. 2, and
from A {0 B as in No. 3, being condensed at the end
A, No. 2, and dilated or rarefied at the end B, while
in No. 3 it is rarefied at A and condensed at B, pre-
serving its natural density at the middle point be-
tween & and B. In the case of the spring the ends
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AB are giternately pushed ovtwards and pulled in.
wards by the spring, the end A being pushed cul-
wards in No. 2, and B pulled inwards, while in No,
3 A is pulled inwards and B pushed outwards..
That the air vibrating in & pipe is actvally in the
state now described may be shown by boring small
holes in the pipe, and putting over them pieces of a
fine membrane, The membrane opposite to the mid-~
die part between A and B, where the particles of the
air nave the greatest motion, will be violently agi-
tated, while at points ncarer the ends A and B it
will be less and less affected. '
Let us ndw suppose two pipes AB, BC, to be
joined together as in Fig. 42, and to be separated
by a2 fixed partition at B; and let & SEimI spring be
fixed in each. Let the spring AB be now pushed
to the end A, while the spring BC is pushed to C,
as in No. 1, and back again, as ia No. 2, but always

Fig, 42, .
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in opposite directions; then it is cbvious that the
partition B is in No. 1 drawn in opposite directions
towards A and towards C, and always with focrees
equal to each other; that is, when B is drawn slightly
towards A, which it is at the beginning of the mo.
tion, it is also drawn slightly towards C, and
when it is drawn foreibly towarda A, as it is at the
end of the motion of the spring, it is 2lso drawn for-
cibly towards C. If the partition B, therefore, is
moveable, it will atill remain fixed during the oppo-
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site excursions of the spiral springs: nay, if we re-
move the partition, and hook the end of one spiral
spring to the end of the other, the node or. point
of junction will remain stationary during the move-
ments of the springs, because at cvery 1mtant that
point is drawn by equal and opposite forces. If
three, four, O five spiral springs are joined in a similar
manner, we may conceive them all vibrating between
their nodes in the same manner.
Upon the very same principles we may conceive
a long column of air ‘without partitions dividing
itsell mto two, three, or four smaller columns, each
of which will vibrate between its nodes in the same
manner as the spiral spring. At the middle point of
each small vibrating column the air will be of its
natural density like ‘that of the atmosphere, while at
the nodes B, &c., it will be in a state of condensao
tion and rarefaction alternately. -
If, when the air is vibrating in one column in the
ipe AB, as in Fig. 41, Nos. 2, 3, we conceive a
gole made in the middle, the atmospheric air will not
rush in to disturb the vibration, because the air
within the pipe and without it has exactly the same
density. Nay, if, instead of a single hole, we were
to cut a ring out of the pipe at the middle point, the
column would vibrate as before. But if we bore a
hole between the middle and one of the ends, where
the vibrating column must be either in a state of
condensation or rarefaction, the air must either rush
out or rush in, in order to establish the equilibrium.
The air opposite the hole will then be brought to
the state of the external air like that in the middle
of the pipe, it will become the middle of a vibrating
colum, and the whole column of air. instead of vi-
brating as one; will vibrate as two c¢olumns, each
column vibrating with twice the velocity, and yield-
ing harmonic sounds along with the fundamental
sound of the whole'columns, in the same manner as
we have already explain;d with regard to vibrating
2
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strings. By opening other holes we may subdivide
a vibrating column into any number of smaller vi-
brating columns. The holes in flutes, clarionets,
&c. are made for this purpose. When they are all
closed up, the air vibrates in one column; and by
opening and shutting the different holes in succes-
sion, the number of vibrating columns is increased
or diminished at pleasure, and consequently the har-
monic sounds will vary in a similar manner.

Curious as these phenomena are, they are still
surpassed by those which are exhibited during the
vibration of solid bodies. A rod or bar of metal or
glass may be made to vibrate either longitudinally
or laterally.

An iron rod will vibrate longitudinally like a
column of air if we strike it at one end in the direc-
tion of its length, or rub it in the same direction
with a wetted finger; and it will emit the same fun-
damental note as a column of air ten or eleven times
as long, because sound moves as much faster in iron
than in air. When the iron rod is thus vibrating
along its length, the very same changes which we
have shown in Fig. 41, as produced in a spiral spring
or in a column of air, take place in the solid metal.
All its particles move alternately towards A and
towards B, the metal being in the one case condensed
at the end to which the particles move, and expanded
at the end from which they move, and retaining its
natural density in the middle of the rod. If we now
hold this rod in the middle, by the finger and thumb
lightly applied, and rub it in the middle either of
AB or BC with a piece of cloth sprinkled with
powdered rosin, or with a well-rosined fiddle-bow
drawn across the rod, it will divide itself into two
vibrating portions AB, BC, each of which will vibrate,
as shown in Fig. 42, like the two adjacent columns
of air, the section of the rod, or the particles which
compose that section at B, being at perfect rest. By
holding the rod at any intermediate point between
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A and B, so that the distance from A to the finger
and thumb is one-third, one-fourth, one-fifth, &c. of
the whole length AC, and rubbing one of the divi-
sions in the middle, the rod will divide itself info 3,
4, §, &c. vibrating portions, and give out correspond-
ing harmonic sounds.

A rod of iron may be made to vibrate laterally or
transversely, by fixing one end of it firmly as 1n a
vice, and leaving the other free, or by having both
ends free or buth fixedl. When a rod fixed at one
end and free at the other, is made to vibrate, its
mode of vibrating may be rendered evident to the
eye; and for the purpose of doing this Mr. Wheat-
stone has contrived a curicus instrument called the
Kalevdophone, which is shown in Fig. 43. 1f con-

‘Fig. 43.
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sists of a circular base of wood A B, about nine in-
ches in diameter and one inch thick, and having four
brass sockets firmly fixed into itat C, D, E, and F.
Into these sockets are screwed four vertical steel
rods C, D, E, and F, about 13 or 14 inches long,
one being a square rod, another a bent eylindriosl
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one, and the other twe cylindrical ones of different
diameters. On the extremities of these rods sre
fixed small quicksiivered glass beads, either singly
or in groups, so that when the instrument is piaced
in the light of the sun orin that of a lamp, bright
images of tho sun or candle are seen reflected on
each bead. If any of these rods is set a-vibrating,
these lpminous images will form continucus. and
returning curve lines in a state of constant varia-
tion, each different rod giving curves of different
characters. _

The meladian, an instrument of great power, em-
bracing five octaves, operates by means of the vi-
brations of metallic rods of unequal lengths, fixed
at one end and free at the other.* A narrow and
thin plate of copper is screwed to the fre¢ extremity
of each rud, and at right angles to its length; and
its surfzce is covered with a small piece of felf im-
pregrated with rosin. This narrow band is placed
near the ¢ircumference of a revolving cylinder, and
by touching the key it is made tc descend till it
touches the revolving cylinder, and gives out its
sound. Thesweetness and power of this instrument
are unrivalled, and s=ch is the character of its tones
that persons of a nervous temperament are often
entirely overpowered by its effects. -

'The vibrations of plates of metal or glass of va-
rious forms exhibit a series of the most extraordi-
nary phenomenaz which are capable of being shown
by very simple means. These pheromena are dis-
played in an infinite variety of rogular fgures as-
sumed by sand, or fine lveopodium powder strewed
over the wurface of the glass plate. - In order to
produce these figures, we must pinch or damp the
plate at one or more places, and when the sand is
strewed upon its surface, it is thrown into vibrutions

. :geeldia»m;br yelopmdia, Azs. 8 , Curlositios In, val, zvil.




ACOTUSTIC FIGUREA. 17
drawing z fiddle-bow over different parts of its
circumference. The method of damping or pinch-
g plates js shown in Fig. 44." In No. I 2 sgnare
Fig 4.
s ' A
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plzte of glass AB, ground smooth at its edges, ig
pinched by the finger and thumb. In No. 2 acircular
plate is held;gr the thumb againsi the top ¢ of a per-
pendicular rod, and damped by the fingers at iwo
different points of its circumference. In No. 3itis
daraped at three points of its circumference, atcand d
by the thumb and finger, and at e by pressing it against
& fixed obstacle ab. By means of & clamp like
that at No. 4, it may be damped at a greater number
of points. ) .

If we take z square plate of glass, such as that
shown in Fig. 45, No. I, and pinching it at its
centre, draw the fiddle.bow near one of 'ts angles,
the sapd will accumulate in the form of a cross, 28
ahown in the figure, being thrown off the parts of
the plate that are in a state of vibration, and settling

B
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in the nodes or parts which are at rest. 1f the bow
is drawn across the middle of one of the edges, the
sand will accumulate as jn No. 2. If the plateis

Fig. 45.
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pinched at N, No. 3, and the bow applied at F and

rpendicular {0 AB, the sand will arrange itself
Fr‘: three parallel lines, perpendicular to a fourth
passing through F and N.  Butif the point N where
it is pinched, is a liftle farther from the edgs than
in No. 3, the parallel lines will change into curves
us in No. 4.

If the plate of glass iz civrculur, and pifiched at its
centre, and also at ¢ point of its ciroumference, and
if the bow is applied at a point 45° from the last
Ro'mt, the figure of the sand will be as in Fig, 46,

lo. 1. If, with the same plate similarly pinched,
the bow is drawn over a part 30° from the pinched
point of the circumfercnce, the sand will form 'six
radii, as in No. 2. When the centre of the plate is
left free, a different set of figures is produced, as
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shown in No. 3 and No. 4. When the plate is
pinched near its edge, and the bow applied 45° from
the point pinched, a circle of sand will pass through

Fig. 46.

b e | A

that point, and two dismeters of sand at right a&%}n
to each other will be formed, as in No. 3. on
a point of the circumference is pressed against a
tixed obstacle, and the bow applied 30° from that
peint, the figure in No. 4 is produced.

If, in place of a solid plate, we strew the sand
aver a stretched membrane, the sand will form itsell
into figures, even when the vibrations are come.
municated to the membrane through the air. In
order to make these experiments, we must stretch
a thin sheet of wet paper, such as vegetable paper,
gver the mouth of a tumbler-glass with a footatalk,
and fix it to the edges witl: glue. 'When the paper
ia dry, a thin layer of dry sand is strewed upon ite
surface. If we place this membrzne upon a table,
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and hold immediately above it and parallel to the
membrane, a plate of glass vibrating so as {o give
any of the figures <hown in Fig. 46, the sand upon

the membrane will imitate exactly the figure npon

the glass. If the glass plate.in place of vibrating
horizontally, 18 made to vibrate in an inclined posi-
tion, the figures on the membrane will change
with the inclination, and the sand will assume the
most curious arrangements. The figures thus pro-
duced vary with the size of the membrane, with ifs
material, its tension, and its shape. When the
same figure oceurs severz] times in succession, a
breath upon the paper will change its degree of
tension, and produce an entirely new figure, which,

-as the temporary moisture evaporates, will return |
to the original figure, through a nugber of interme- |
dizte ones. The pipe of an organ at the distance
of a few feet, or the notes of z flute at the distance
of half 2 foot, will arrange the sand-onthe membrane
into figures which perpetually change with the sound
that is produced. _

The manner in which flat rulers and cylinders
of glass perform their vibrations is very remarkable.
If a glass piate about twenty-seven inches long,
six.tenths of an inch broad, and six-hiumdredths of
an inch thick, is held by the edges between the
ﬁnier and thumb, and has its lower surface, near
either end, rubbed with a piece of wet cloth, sand
Taid upon its upper surface will arrange itself in par-
alle! iines at night angles to the length of the plate.
If the place of these lines is marked with a dot of
ink, and the other side of the glass ruler is turned
upwards, and the ruler made to vibrate as befors,
the sand will pow accumulate in lines intermediate
between the former lines, so that the motiona of
one-halfthe thickness of the glass ruler are precisely
the reverse of those of the corresponding parts of
the other half. - .

As these singular phenomenza have not yet! been

eeGooge
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made available by the scientific conjurer, we must
be satisfied with this brief notice of them; but
there is still one property of sound, which has its
analogy also in light, too remarkable to be passed
without notice. This property has more of the
marvellous in it than any result within the wide
range of the sciences. Two loud sounds may be made
to produce silence, and two strong lights may be made
to produce darkness !

f two equal and similar strings, or the columns
of air in two equal and similar pipes, perform exactl
100 vibrations in a second, they will produce eac
equal waves of sound, and these waves will conspire
in generating an uninterrupted sound, double of
either of the sounds heard separately. If the two
strings or the two columns of air are not in unison,
but nearly so, as in the case where the one vibrates
100 and the other 101 times in a second, then at the
first vibration the two sounds will form one of double
the strength of either: but the one will gradually
gain upon the other, till at the fiftieth vibration it has
gained half a vibration on the other. At this instant
the two sounds will destroy one another, and an inter-
val of perfect silence will take place. The sound
will instantly commence, and gradually increase till
it becomes loudest at the hundredth vibration, where
the two vibrations conspire in lproducing a sound
double of either. An interval of silence will again
occur at the 150th, 250th, 350th vibration, or every
second, while a sound of double the strength of
either will be heard at the 200th, 300th, and 400th
vibration. When the unison is very defective, or
when there is a great difference between the number
of vibrations which the two strings or columns of
air perform in a second, the successive sounds and
intervals of silence resemble a rattle. With a pow-
erful organ the effect of this experiment is very
fine, the repetition of the sounds wow—wow—wow,~~
representing the donbled aound and the interval of
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silence which arises from the total extinction of the
two separate sounds.

The phenomena corresponding to this in the case
of light is perhaps still more surprising. If a beam
of red light issues from a luminous point, and falls
upon the retina, we shall see distinctly the luminous
object from which it proceeds; but if another pencil
of red light issues from another luminous point any
how situated, provided the difference between its
distance and that of the other luminous point from
the point of the retina on which the first beam fell
is the 258 thousandth part of an inch, or exactly
twice, thrice, four times, &c. that distance ; and if this
second beam falls upon the same point of the retina,
the one light will increase the intensity of the other,
and the eye will see twice as much light as when it
received only one of the beams separately. All this
is nothing more than what might be expected from
our ordinary experience. But if the difference in
the distances of the two luminous points is only
one-half of the 258 thousandth part of an inch, or
1}, 21, 31, 4} times that distance, the one light will
extinguish the other, and produce absolute darkness. 1If
the two luminous points are so situated that the
difference of their distances from the point of the
retina is intermediate between 1 and 13}, or 2 and 2}
above the 258 thousandth part of an ‘inch, the in-
tensity of the effect which they produce will vary
from absolute darkness to double the intensity of
either light. At 1}, 2}, 3} times, &c. the 258
thousandth of an inch, the intensity of the two
combined lights will be equal only to one of them
acting singly. If the lights, in place of falling upon
the retina, fall upon a sheet of white paper, the very
same effect will be produced, a black spot being pro-
duced in the one case, and a bright white one in the
other, and intermediate degrees of brightness in
intermediate cases. If the two lights are violet, the
difference of distances at which the preceding phe-
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nomena will be produced will be the 157 thou-
sandth part of an inch, and it will be intermediate
between the 258 and the 157 thousandth part of an
inch, for the intermediate colours. This curious
phenonienon may be easily shown to the eye, by
admitting the sun’s light into a dark room through a
small hole about the 40th or 50th part of an inch in
diameter, and receiving the light on a sheet of paper.
If we hold a needle or piece of slender wire in this
light, and examine its shadow, we shall find that the
shadow consists of bright and dark stripes succeed-
ing each other alternately, the stripe in the very
middle or axis of the shadow being a bright one.
The rays of light which are bent into the sha-
dow, and which meet in the very middle of the
shadow, have exactly the same length of path, so
that they form a bright fringe of double the intensity
of either; but the rays which fall upon a point of
the shadow at a certain distance from the middle
have a difference in the length of their paths cor-
responding to the difference at which the lights
destroy each other, so that a black stripe is produced
on each side of the middle bright one. At a greater
distance from the middle, the difference becomes
such as to produce a bright stripe, and so on, abright
and a dark stripe succeeding each other to the mar-
gin of the shadow.

The explanation which philosophers have given
of these strange phenomena is very satisfactory, and
may be easily understood. When a wave is made
on the surface of a still pool of water, by plunging
a stone into it, the wave advances along the surface,
while the water itself is never carried forward, but
merely rises into a height and falls into a hollow,
each portion of the surface experiencing an elevation
and a depression in its turn. If we suppose two
waves equal and similar to be produced by two se-
parate stones, and if they reach the same spot at
the same time, that is, if the two elevations should
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exactly coincide, they would unite their effects and
produce a wave twice the size of either; but if the
one wave should be just so far before the other that
the hollow of the one coincided with the elevation
of the other, and the elevation of the one with the
hollow of the other, the two waves would obliterate
or destroy one another; the elevation, as it were, of
the one filling up half the hollow of the other, and the
hollow of the one taking away half the elevation of
the other, so as to reduce the surface to a level.
These effects will be actually exhibited by throwing
two equal stones into a pool of water, and it will be
seen that there are certain lines of a hyperbolic form
where the water is quite smooth, in consequence
of the equal waves obliterating one another, while
in other adjacent parts the water is raised to a
height corresponding to both the waves united.

In the tides of the ocean, we have a fine example
of the same principle. The two immense waves
arising from the action of the sun and moon upon
the ocean produce our spring-tides by their com-
bination, or when the elevations of each coincide ;
and our neap-tides, when the elevation of the one
wave coincides with the depression of the other.
If the sun and moon had exerted exactly the same
force upon the ocean, or produced tide waves of the
same size, then our neap-tides would have disap-
g::red altogether, and the spring-tide would have

n a wave double of the wave produced by the
sun and moon separately. An example of the effect
of the equality of the two waves occurs in the port
of Batsha, where the two waves arrive by channels
of different lengths, and actually obliterate each other.

Now, as sound is produced by undulations or waves
in the air, and as light is supposed to be produced
by waves or undulations in an etherial medium,

ing all nature, and occupying the pores of trans-
parent bodies, the successive production of sound
and silence by two loud sounds, or of light and
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durkness by two bright lights, may be explained in
the very same manner as we have explained the in-
crease and the obliteration of waves formed on the
surface of water. If this theory of light be correct,
then the breadth of a wave of red light will be the
258 thousandth part of an inch, the breadth of a
wave of green light the 207 thousandth part of
an inch, and the breadth of a wave of violet light
the 157 thousandth part of an inch.

Among the wonders of modern skill, we must
enumerate those beautiful automata by which the
motions and actions of man and other animals have
been successfully imitated. I shall therefore de-
scribe at present some of the most remarkable
acoustic automata, in which the production of mu-
sical and vocal sounds has been the principal object
of the artist. ~

Many very ingenious pieces of acoustic mecha
nijsm have been from time to time exhibited in
Europe. The celebrated Swiss mechanist M. Le
Droz constructed for the King of Spain the figure
of asheep, which imitated in the most perfect man-
ner the bleating of that animal; and likewise the
figure of a dog watching a basket of fruit, which,
w%:izn any of the fruit was taken away, never ceased
barking till it was replaced.

The singing-bird of M. Maillardet, which he ex-
hibited in Edinburgh many years ago, is still more
wonderful.* An oval box, about.three inches long,
was set upon the table, and in an instant the lid flew
up, and a bird of the size of the humming-bird, and
of the most beautiful plumage, started from its nest.
After fluttering its wings, it opened its bill and per-
formed four different kinds of the most beautiful
warbling. It then darted down into its nest, and the
lid closed upon it. The moving power in this piece

D‘ A similsr piece of mechanism had boen previously made by M. le
o3
Qe
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of mechanism is said to have been springs which
continued their action only four minuies. As there
was no room, within sc small a figure, for accom.-
modating pipes fo produce the great variety of notes
which were warbled, the artist used only one tube,
and produced all the variety of sounds by shortening
gnd tengthening it with a moveable piston.
Ingenious a3 these pieces of mechanism are, th

sink into insigmificance when compared with the
machinery of M. Vaucanson, which had previously
astonished all Burope. His two principal automata
were the flute-player and the pipe and tabor-player.
The flute-player was completed in 1738, and wherever
it was exhibited it produced the greatest sensa-
tion. When it came to Paris it was received with
great suspicion. The French scuvans recoblected
the story of M. Raisin, the organist of Troyes, who
exhibited an automaton player upon the harpsichord,
wlhich astonished the French court by the variety
of its powers. The curiosity of the king could not
be restrained, and in conseguence of his insisting
upon examining the mechanism, there was found in
the figure a preity litlle musician five years of age.
It was natural, therefore, that a similar piece of
mechanism should be received with some distrust ;
but this feeling was soon removed by M. Vaucanson,
who exhibited and explained to a committee of the
Academy of Bciences the whole of the mechanism,
This learned body was astonished at the ingenuity
which it displayed; and they did not hesitate to
state, that the machinery employed for producing
the sounds of the flute performed in the most exact
manner the very operations of the most expert
flute-player, and that the artist had imitated the
effects produced and the means employed by nature,
with an accuracy which exceeded all expectation. -
in 1738 M. Vaucanson published a memair, approved
of by the Academy, in which he gave a fll descrip-
tion of the machinery employed, and of the priaci-
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fles of its construction. Following this memoir,
shall therefore attempt to give as popular a de-
scription of the automaton as can be done without
lengthened details and numerous figures.

The body of the flute-player was about 53 feet
high, and was placed upon a piece of rock, surround-
ing a square pedestal 4% feet high by 34 wide.
When the panel which formed the front of the
pedestal was opened, there was seen on the right a
clock movement, which, by the aid of several wheels,

ve a rotatory motion to a steel axis 'about 24

eet long, having cranks at six equidistant points
of its length, but lying in different directions. To
each crank was attached a cord, which descended
and was fixed by its other end to the upper board
of a pair of bellows, 24 feet long and 6 inches
wide. Six pair of bellows arranged along the bot-
tom of the pedestal were then wrought, or made to
blow in succession, by turning the steel axis.

At the upper face of the pedestal, and upon each
pair of bellows, is a double pulley, one of whose
rims is 3 inches indiameter, and the other 14. The
cord which proceeds from the crank coils round the
smallest of these pulleys, and that which is fixed to
the upper board of the bellows goes round the larger
fulley. By this means the upper board of the bel-
ows is made to rise higher than if the cords went
directly from them to the cranks.

Round the larger rims of three of these pulleys,
viz. those on the right-hand, there are coiled three
cords, which, by means of several smaller pulleys,
terminate in the upper boards of other three pair
of bellows placed on the top of the box. .

The tension of each cord when it begins to raise
the board of the bellows to which it is attached
gives motion to a lever placed above it between the
axis and the double pulley in the middle and lower
region of the box. The other end of this lever
keeps open the valve in the lower board of the bel-
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lows, and allows the air to enter freely, while the
upper board is rising toincrease the capacity of the
bellows. By this means there is not only power
gained, in so far as the air gains easier admission
through the valve, but the fluttering noise produced
by the action of the air upon the valves is entirely
avoided, and the nine pair of bellows are wrought
with great ease, and without any concussion or noise.

These nine bellows discharge their wind into three
different and separate tubes. Each tube receives the
wind of three bellows, the upper boards of one of
the three pair being loaded with a weight of four
pounds, those of the second three pair with a weight
of two pounds, and those of the other three pair
with no weight at all. These three tubes ascended
through the body of the figure, and terminated in
three small reservoirs placed in its trunk. These
reservoirs were thus united into one, which, as-
cending into the throat, formed by its enlargement
the cavity of the mouth terminated by two small
lips, which rested upon the hole of the flute. These
lips had the power of opening more or less; and by
aparticularmechanism, they could advance or recede
Trom the hole in thé flute. ~ Within the cavity of the
mouth there is a small moveable tongue for opening
and shutting the passage for the wind through the
lips of the figure.

The motions of the fingers, lips, and tongue of the
figure were produced by means of a revolving cyl-
inder thirty inches long and twenty-one in diameter.
By means of pegs and brass staples fixed in fifteen
different divisions in its circumference, fifteen
different levers, similar to those in a barrel-organ,
were raised and depressed. Seven of these regu-
lated the motions of the seven fingers for stoppin
the holes of the flute, which they did by means o
steel chains rising through the body and directed by
pulleys to the shoulder, elbow, and fingers. Other
three of the levers communicating with the valves
of the three reservoirs regulated the ingress of ths
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air, so as to produce a stronger or a weaker tone,
Another lever opened the lips 8o as to give a free
passage to the air, and another contracted them for
the opposite purpose. A third lever drew them
backwards from the orifice of the flute, and a fourth
pushed them forward. The remaining lever en-
abled the tongue to stop up the orifice of the flute.

Such is a very brief view of the general mecha-
nism by which the requisite motions of the flute-
player were produced. The airs which it played
were probably equal to those executed by a living
performer; and its construction, as well as its per-
formances, continued for many years to delight and
astonish the philosophers and musicians of Europe.

Encouraged by the success of this machine, M.
Vaucanson exhibited in 1741 other automata, which
were equally, if not more, admired. One of these
was the automaton duck, which performed all the
motions of that animal, and not only ate its food,
but digested it;* and the other was his pipe and
tabor-player, a piece of mechanism which required
all the resources of his fertile genius. Having begun
this machine before he was aware of its peculiar
difficulties, he was often about to abandon it in des-
pair, but his patience and his ingenuity combined
enabled him, not only to surmount every difficulty,
but to construct an automaton which performed
complete airs, and greatly excelled the most es-
teemed performers on the pipe and tabor.

The figure stands on a pedestal, and is dressed
like a dancing shepherd. He holds in one hand a
flageolet, and in the other the stick with which he
beats the tambourin as an accompaniment to the
airs of the flageolet, about twenty of which it is ca-
Eable of performing. The flageolet has only three

oles, and the variety of its tones depends princi-
pally on a proper variation of the force of the wind,
and on the different degrees with which the orifices

* Bee Letter XI.
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are covered. ‘These variations in the force of the
wind required to be given with a rapidity which the
ear can scarcely follow, and the articulation of the
tongue was required for the quickest notes, other-
wige the effect was far from agreeable. As the hu-
man tongue is not capable of giving the requisite ar-
ticulations to a rapid succession of notes, and gene.
rally slurs over one-half of them, the automaton was
thus able to excel the best performers, as it played
complete airs with articulations of the tongue at
every note,

In copstructing this machine M. Vaucanson ob-
served that the flageclet must be a most fatiguin
instrument for the human lungs, 25 the muscles o
the cheat must make an effort equal to 56 pounds in
order to produce the highest notes. A single ounce
was sufficient for the lowest notes; so that we may,
from this circumstance, form an idea of the variety
of intermediate effecta required to be produced.

While M. Vaucanson was engaged in the construic-
tion of these wonderful machines, his mind was filled
with the strange idea of constructing an automaton
containing the whole mechanism of the circulation
of the blood. From some birds which he made he
was satisfied of its practicability ; but as the whole

wascular system required to be made of elastic gum
or caautchoue, it was supposed that it could only be
executed in the country where the caoutchonc-tree
was indigenous. Louis XVI. took a deep interest
in the execution of this machine. It was apreed
that a skifful anatomist should proceed to Guyana,
to superintend the construction of the blood-vessels,
and the king had not only approved of, but had given
orders for, the voyage. Difficulties, however, were
thrown in the way: Vaucanson became disgusted,
and the scheme was abandoned.

The two automatz which we have described were
purchased by Professor Bayreusy of Helmstadt; but
we have not been able to learn whether or not they
still exist. -
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Towards ithe end of the seventeenth century 2
beld and almost successful attempt waa made {o con-
struct a talking automalon. Inthe year 1779, the Im-
perial Academy of Sciences at St. Petersburg pro-
posed ag the subject of one of their annual prizes
an inquiry into the nature of the vowel sounds, A,
E, 1 2), and U, and the conatruction of an instrument
for artificially imitating them. Thkis prize was
gained by M. Kratzenstein, who showed that ali the
vowels could be distinetly proncunced by blowin%
through a reed into the lower ends of the pipes o
the annexed figures, as shown in Fig. 47, where the

Fig. 41
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corresponding vowels are marked on the different
ipes. 'Thevowell is pronounced by merely blowing
into the pipe a 4 of the pipe marked I, without the
use of a reed, .
About the same time that Kratzenstein was en-
gaged in these researches, M. Kempelen of Vienna,
a celebrated mechanician, was occupied with the
same subject. In his firet attempt he produced the
vowel sounds, by a.dagting a reeg R, Fig. 48, to the
bettom of a funnel-shaped cavity AB, and placing
his band in various positions within the funnel. This
contrivance, however, was not fitted for his purpose ;
but after long study, and & diligent examination of
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the organs of speech, he conirived s hollow oval
box, divided into portions attached by a hinge sa as
to resemble jaws. This box received the sound
which issued from the tube connected with the reed,
and by opening and closing the jaws, he produced
the sounds A, O, OU, angd an imperfect E, but no
indications of an 1. Afler two years’labour he sue-
ceeded in obtaining from different jaws the sounds

Fig. 48

of the consonante P, M, L, and by means of these
vowels and consonants he could compose syllables
and words, such 88 mamma, papa, awle, lame, mula,
The sounds of two adjacent letters, however, ran into
each other, and an aspiration followed some of the
consonants, 30 that instead of peps the word sounded

kaa-ph-a ; these difficulties he contrived with much
fabour to surmount, and he found it necessary to im-
itate the human organs of speech by having only
one mouth and one glottis. The mouth consisted
of a funnel or bell-shaped piece of elastic gum, which
approximated, by its physical properties, to the soft-
ness and flexibility of tﬁe human organs.* To the
mouth-piece was added a nose made of two tin

* Had M. Xempelen Xnown the modern discovery of giving caont=
chouc any degree of aollness, by mULing if with molasses or sugar, whickh
s ziways absorbing from the phere, he might dave ob-
tatned & wtill more parfect imitetion of the bwnas orguns,

—— e .
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tubes, which comnmunicated with the mouth. When
both these tubes were open, and the mouth-piece
closed, a perfect M was produced, and when one was
closed and the other open, an N was sonnded. M.
Kempelen could have succeeded in obtaining the four
lettera D, G, K, T, but by using a P instead of them,
and modifying the sound in a particular manner, he
contrived ic deceive the esr by a tolerable resem-
blance of these letters,

There seems o be no doubt that he at last was
able to produce entire words and sentences, such
as, opera, wsironomy, Conslanlinopolis, vous etés mon
amt, fe vous aime de tout mon ceeur, venez avec mo @
Paris, Leopoldus secundus, Romanorum imperator
semper Augusius, de.; but he never fitted up a speak-
ing figure, and probably, from being dissatisfied with
the general result of his labours, he exhibited only
to hig private friends the effects of the apparatus,
which was fitted up in the form of a box.

This box was rectangular, and aboui three feet
long, and was placed upon a table and covered with
2 cloth. When any particilar word was mentioned
by the companry, M. Kempelen caused the machine
fo pronounce it, by introducing his hands beneath the
cloth, and apparently giving motion to aome parts
of the apparatus. Mr, Thomas Collinson, who had
seen this machine in London, mentions in a leiter
to Dr. Hutton, that he afterward saw it at M. Kem-
polen’s own house in Vienns, and that he then gave
it the same word to be pronounced which he gave
it in London, viz. the word Expleitation, which, he
assures us, it again distinctly pronounced, with the
French accent.

M. Kratzenstein seems to have been egually un-
successfid, for though he assured M. De Lalande,
when he saw him in Paris in 1786, that he had made
amechine which could speak pretty well, and though
he showed him someé of the apparatus by which it
odmid sound thlwwdl,gldmn such syllables as
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and mamma, yet there is no reason to believe that
m:td -accomplished more than this,

The labours of Kraizenstein and Kempelen have
been recently pursued with great success by eur
ingenious countryman Mr. Willis of Cambridge.
In repeating Kempelen's experiment, shown in Fig.
48, he used a shallower cavity, such as that in Fig.
49, and found that he could entirely dispense with
the introduction of the hand, and could obtein the

Fig. 48.

whole series of vowels, by sliding a 8at board CD
over the mouth of the cavity. Mr. Willis then
conceived the ideaof adapting to the reed cylin-
drical tubes, whose length could be varied by sliding
joints. When the tube was greatly less than the
length of a stopped pipe in unmon with the reed, it
sounded I, and by increasing the length of the tube
it gave E, A, 0, and U insuccession. But, what was
very unexpected, when the tube was 80 muoch
lengthened as to be 14 times the length of a stopped
ipe in unison with the reed, the vowels began to
again sounded in an inverted order, viz. U, O, A,
E, and then again in a direct order, 1, E, A, O, U,
when the lengih of the tube was equal to twice that
of u stopped pipe, in unison with the reed.
Some important discoveries have beea recently
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sande by M. 8avart respecting the mechanism of
the buman voice,* and we have no doubt that be-
fore another century ia completed a falking and
singing machine will be numbered among § "ie con-
quests of science.

LETTER IX.
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Avrmovem among the phenomena of the material
world there is scarcely one which, when well con-
sidered, is not an object of wonder, yet those which
we have been accustomed to witnees from our in-
fancy lose all their interest from the fr ency of
their occurrence, while to the natives of other coun-
tries they are uncessing objects of astomshment and
delight. ~ The inhabitant of a tropical climate is
confounded at the sight of falling snow, and he al-
most discredits the evidence of his sensee when
he sees & frozen river carrying loaded wagons on
its surface, The diffusion of knowledge by books,
ss well as by frequent communicstion between the
natives of different quarters of the globe, have de-
prived this class of local wonders of their influence

* Ses Edindwrgh Fournal of Saience, No. v, p. 800,
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and the Indian and the Scandinsvian ean vinlt sach
other's lands without any violent excitement of
sorprise. Still, however, there are phenomena of
rare occurrence, of whick no description can con.
vey the idea, and which continue to be an deeply
marked with the mervellons as if they had been
previousty unknown. Among these we may rank
the remarkable modifieations which aound undergoes
in particular situations and under particular cireuym-
stances.

In the ordinary intercoursa of life, we recognise
individuals as much by their voices as by the fea-
tures of their face and the form of their {od . A
friend who has been long absent will often stand
befors us sa a stranger, till his woice Hes ns
with the full power of recognition, Tha braad im-
printed by time on his outer form may have sffeced
the youthful image which the meraory had cherished,
but the original character of his voice and its yet re-
membered tones will remain unimpsired,

An old friend with & new face is not more common
in its moral than in i{s physical acceptation, and
though the sagacity of proverbial wisdom has not
supplied ue with the counterpart in relation to the
human voice, yet the influence of ils immutability
over the mind been recorded by the poet in some
of his most powerful conceptions. When Manfred
was 1unable fo recognise in the hectic phantom of
Astarte the endeared lineaments of the being whom
he Joved, the mere utterznce of his name recalled
# the voice which was his music,” and invested her
with the desired reality. :

il

Bay m, ;Y 8A— -
1 Liwe bus in the mound—I3 ix thy voloe!
Brzox,

The permanence of character thus impressed upon
speech exists only in those regions to whose atmo-
aphere our vocal organs are adapted. If either the
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wpesker or the hearer is placed in air differing greatl
in deusity from that to which they are accustomed,
the voice of the one will emit different sounds, or
the same sounds will produce a different impres-
sion on the ear of the other. But if both parties
are placed in this new atmosphere, their fones of
communication will suffer the most remarkable
change. The two extreme positions where such
effects become sufficiently striking are in the com-
pressed air of the diving.bell, when it is immersed
to a great depth in the ses, or in the rarefied atmo-
sphere which prevails on the summit of the Himalaya
or the Andes.

In the region of common life, and even at the
stillest hour of night, the ear seldom rests from ita
toils. When the voice of man and the bustle of his
labours have ceased, the sounds of insect life are re-
doubled, the night breeze awakens among the rust-
ling leaves, and the swell of the distant ocean, and
the sounds of the failing cataract or of the murmur-
ing brook, fill the air with their pure and solemn
music. The sublimity of deep silence is not to be
found even in the steppes of the Volga, or in the
forests of the Orinoco. It can be felt only in those
lofty regions o

‘Where the tops of the Ardes
Bboot soaringly rt,

Aa the traveller rises above the limit of life and
motion, and enters the region of habitual solitude,
the death-like silence which prevails around him is
rendered still more atrikini by the diminished den-
sity of the zir which he breathes. The voice of
his fellow-traveller ceases to be heard even ata
moderate distance, and sounds which would stun
the ear at a lower level make but a feeble impres-
sion. ‘The report of a pistol on the top of Mouat
Blance is no louder than that of an Indian oracker

3
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Wut while the {hinness of the air thus snbdues the
Joudest sounds, the voice itself undergoes a sin-.
gular change : the muscular energy by which we
speak exlperiences a great dimipution, and our
powers of utterance, a8 well as our ‘Bower of hear-
ing, are thus singularly modified. Were the magi-
cian, therefore, who ia desirous to impress upon his
victim or upon his pupil the conviction of his super-
patural power, to carry him, under the injunction of
silence,

The difMeulc air of the ived mountain's 0P,
Where the birds dare niot bulid, nor inmsct's wing
Flt o’or the herbless granite,

he would experience little difficulty in arresting
his power over the elements, and stilt less in sub-
asquently cormmunicating the same infleence to his
cOompanion,

But though the air at the tops of our highest
mountains is scarcely capable of transmifting sounds
of ordinary intensity, yet sounds of extracrdinary
power force their way through ita most ritenoated
strata. At elevations where the air is three thou-
sand times more rare then that whick we breathe,
the explosion of meteors is heard like the sound of
cannon on the surface of the earth, and the whole
a2ir is often violently agitated by the sound. This
fact alone may give us some idea of the tremendous
nature of the forces which such explosions create,
and it is fortunate for our species that they are
confined to the upper regions of the atmospheres,
If the same expiosions were to take place inthe
dense air which rests upon the earth, our habitations
and our lives would be exposed to the most immi-

nentui;enl

Buildings have often been thrown down by vio-
lent concussions of the air, occasioned either by the
sound of great guns or by loud thwnder, ndv the
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most serious effects wpon humen snd animal life
have been produced by the same cause. Most per-
sons have experienced the stunning pain produced
in the ear when placed near a cannon that is dis-
charged. Deafness has frequently been the result
of such sudden concussions, and if we may reason
from anatogy, death itself must often have been the
consequence, When peace was proclaimed in Lon-
don in 1697, two troope of horse were dismounted
and drawn up in line m order to fire their volleys.
Opposite the centre of the line was the door of a
butcher's shop, where there waa a large mastiff dog
of great courage. This dog was sleeping by the
fire, but when the first volley was fired, it imme-
diately started up, ran into another room, and hid
itself under a bed. On the firing of the second
volley, the dog rose, ran several times about the
rootn, trembling vielently, and apparently in great
agony. When the third volley was fired, the do
ran abouot once or twice with great violence, an
jnstantly fell down dead, throwing up blood- from
his mouth and nose. :

Sovnds of known character end intensity are
eften singularly changed even at the surface of the
enrth according te the siate of the ground and the
conditions of the clouds. On the extended heath,
where there are no solid objects capable of reflect-
ing or modifying sound, the sportsman must fre-
quently have notficed the unaccountable variety of
sounds which are produced by the report of his
fowling-piece. Bometimes they are flat and pro-
longed, at other times short and sharp, and scme-
times the noise is so strange that it is referred to
some mistake in the loading of the gun. These
variafions, however, arise entirely from the state
of the air, and from the nature and proximity of
the superiacent clouds. In pure air of uniform
density the eound is sharp and soon over, as the
wndulations of the air sdvance without any inter.
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rupting obstacles. In a foggy atmosphere, or where
the vapoura preduced by heat are seen dancing, as
it were, in the air, the sound is dull and prolonged;
and when these clouds are immediately overhead,
2 succession of echoes from them produces a con-
tinued or a reverberating sound. When the French
agtrenomers were determining the velocity of sound
by firing great guns, they observed that the report
was always single and sharp under a perfectly clear
sky, but indistinct, and attended by a long con-
tinued roll like thunder, when a cloud covered =
considerable part of the horizon. ¥t is no doubt
owing to the same cause, namely, the reflection
from the clouds, that the thunder rolls through the
heavens, as if it were produced by a succession of
electric explosions. . :

The great audibility of sounds during the night
is 2 phenomenon of considerable interest, and one
which had been observed even by the ancients. In
crowded cities, or in their vicinity, the effect was
generally ascriped to the rest of animated beings,
while in localities where such an explanation was
inapplicable, it was supposed to arise from a favour-
able direction of the prevailing wind. Baron Hum-
boldt was particularly struck with this phenomenon
when he first heard the rushing of the great cata-
racts of the Orinoco in the plain which surrounds
the mission of the Apures. These sounds he re-

ded as three times louder during the night than
uring the day. Some authors zscribed this fact
to the cessation of the humming of insects, the
singing of birds, and the action of the wind on the
leaves of the trees; but M. Humboldt justly main-
tains that this cannot be the ceuse of it on the
Orinoco, where the buzz of insects is much louder
in the night than in the day, and where the breeze
never rises till after sunset, Hence he was led to
sscribe the phenomenonto the perfect
and uniform density of the sir, which cah exiet
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only at night after the heat of the ground has been
uniformiy diffused through the atmosphere, When
the raysof the sun have been beating on the ground
during the day, currents of hot sir of different
temperatures, and consequently of different densi-
ties, sre constantly ascending from the ground and
mixing with the cold airabove. The air thus ceases
to . be a homogeneous medium, and every person
must hare observed the effects of it upon objects
seen through it which are very indistinctly visible,
and have a tremulous motion, as if they were
“dancing in‘the air.” The very same eflect is per-
ceived when we look at objects through spirits and
water that are not perfectly mixed, or when we
view distant objects over a red-hot poker or over
a flame. In all these cases the light suffers refrac-
fion in passing from a medium of one density into
a medium of & different density, and the refracted
rays are constantly changing their direction as the
different currents rise in succession. Analogous
effects are produced when sound pamses through a
mixed medium, whether it consists of two different
mediums or of one medium where portions of it
have different denuities. As sound moves with dif-
ferent velocities through media of different densities,
the wave. which produces the sound will be partly
reflected in passing from one medicm to the other,
and the direction of the transmitted wave changed;
and hence in passing through such media different
portions of the wave will reach the ear at different
times, and- thus destr%y the sharpness and distinct.
nens of the sound. ‘This may be proved by many
:almngtriking'facts. 1If ;ra}a) p;t a bell in adreceiverhcom
ining a mixture of hydrogen gas and atmospheric
air, the sound of the bell can scarcely be heard.
ing a shower of rain or of snow, noises are
greatly deadened, and when sound is transmitted
along an iron wire or an iron pipe of sufficient length,
we actually hear two sounds, one transmitted more
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rapidly through the solid, and the other more slowly
throt:igh the air. The same property is well iflus~
trated by an eiegant and easily repeated experiment
of Chiadai's. 1 gparkling champaign is poured
into a tall glass till it is half full, the glass loses its
power of ringing by a stroke upon its edge, and
emits only a disagreeable and puffy sosnd. This
effect will continuve while the wine is filled with
bubbles of air, or as long as the effervescence lasts ;
but when the effervescence beging to subside, the
sound becomes ciearer and clearer, and the

ringa 2s usual when the air-bubbles have vanished.
If we teproduce the effervescence by stirring the
champaign with a piece of bread, the glass will
again cease to ring. The same experiment will
succeod with other effervescing fluids. -

The difference in the audibility of sounds that
pass over homogeneous and over mixed media is
sometimes so remarkable as to astonish those who
witness it. The following fact is giver on the evi-
dence of an officer who obeerved it :—When the
Britigh and the American forces were encamped on
each side of a river, the outposts wers so near that
the form of individuals could be easily distinguished.
An American drummer made his mppearance, and
began o beat his drum, but though the motion of
his arme were distinctly seen, not a single sound
reached the ear of the observer. A coating of snow
that had newly falien upon the ground, and the thick-
ness of the atmosghem, had conspired to obstruct
the sound. An effect the very reverse of this is
produced by z coating of glazed or hardened snow,
or by an extended surface of ice or water. Lieu-
tenant Foster was able to carry on a conversation
with = sailor across Port Bowen harbour, a distance
of no less than a mile and & quarter, and the sound
of great guns has been heard at distances varyi
from 120 to 200 miles. Over hard and dry gro
of a uniformn character, or where & thia soil rests
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mpon 2 contireous stratum of rock, the sound ia
heard at 2 great distance, and hence it is the prac-
tice among many Eastern tribes to sacertain the
approach of an enemy by applying the ear to the

und.

Many remarkable phenomena in the natural world
are produced by the reflection and concentration of
sound. Every person is familiar with the ordinary
eche which arises from the reflection of sound from
an even surface, such as the face of a wall, of a
kouse, of & rock, of a hill, or of & cloud. As eound
moves at the rate of 1080 feet in a second, and as
the sound which returns to the person who emits it
has travelled over a space equal to twice his distance
from the reflecting surface, the distance in feet of
the body which occasions the echo may be readily
found by multiplying 545 by the number of meconda
which elapse between the emission of the sound
and its return in the form of an echo. This kind of
echo, where the same person is the speaker and the
hearer, never takea place unless when the obaerver
is immediately in front of the reflecting surface, or
when a line drawn from his mouth tothe flat surface
is nearly perpendicular to it, because in this case
alone the wave of sound is reflected in the very
same direction from the wall in which it reaches if.
If the speaker places himself on one aside of this
hine, then the echo will be heard most distinetly by
another person as farou the other aide of it, because
the waves of sound are reflected like light, eo that
the angle of incidence, or the inclination at which
the sound falls upon the reflected surface, is equal
to the angle of reflection, or the inclination at which
the sound is returned from the wall.  If two persons,
therefore, are placed before the reflecting wall, the
one will hear the echo of the sound emitted by the
other, and obstacles may intervene between these
two persons so that neither of them hears the direct
sound emitted by the other; in the same manner ae



204 LETTERS ON NATURAL NASIC.

the aame similarly placed before a looking-
glass would see each other distinctly by reflection,
though objects might obstruct their direct view of
each other. .

Hitherto we have aupposed that there is only one
reflecting surface, in which case there will be only
one echo: but if there are several reflecting sur-
faces, as is the case in an amphitheatre of moun-
tains, or during a thunder-storm, where there. are
several strata or masses of clouds; or if there are
two parallel or inclined surfaces between which the
sound-can be repeatedly reflected, or if the surface
is curved so that the sound reflected from one part
falls upon another part, like the sides of a polygon
inacribed in 8 circle,—in all these cases there will
be numerous echoes, which produce a very singular
effcet.  Nothing can be more grand and subdime than,
the primary and secondary echoes of 2 piece of ord-
nance discharged in an amphitheatre of grecipitous
mountains. 'The direct or primary echoes from
each reﬁectini surface reach the ear in succession,
according to their different distances, and these are
either biended with or succeeded by the secondary
echoes, which terminate in a prolenged growl end-
ing in absolute silence. Of the same character are
the reverberated claps ‘of a thunder-bolt reflecfed
from the surrounding clouds, and dying away in the
distance. The echo which is produced by parallel
walls is finely illustrated at the Marquie of Bimon-
etta's villa near Milan, which has been described by
Addison and Keysler, and which we believe is that-
described by Mr. Southwell in the Philosophieal
Transactions for 1748. Perpendicular to the main
body of this villa thers extend two paraile]l wings-
about fifty-eight paces distant from each other, and
the surfaces of which are unbroken, either with doors
or windows. The sound of the human voice, or
rather & word quickly pronounced, is repeated above
forty times, and the report of a pistol from fifty-wix
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to sixty times. The repetitions, however, follow in
such rapid succession that it is difficult to reckon
them, unless early in the morning before the equal
temperature of the atmosphere is disturbed, or in a
calm still eveni:g. The echoes appear to be best
heazd from % window in the main building between
the two projecting walls, from which the pistol alvo
is fired. Dr. Plot mentions an eche in Woodstock
Park which repeats seventeen syllables by day and
twenty by night. An echo on the norlh side of
Shipley church in Sussex repeats twenty-one sylia-
blea. §ir John Herschel mentions an echo in the
Manfroni palace at Venice, where a person stunding
in the cenire of & square room about twenty-five
feet high with a concave roof, hears the stamp of
his foot repested a grealt many times, but as his

sition deviates from the centre, the echoes become
eebler, and at a short distance entirely cease. The
same phenomenon, he remarks, occurs in the large
soom of the library of the museum at Naples, M.
Genefay has described as existing near Rouen a
curious oblique echo which is not heard by the per-
son who emits the sound. A person who sings
hears only his own voice, while those who listen
hear only the echo, which sometimes seems to ap-
proach, and at other times to recede from the ear;
one person hears a single sound, another seve
sounds, and one hears it on the right and another
on the left, the effect always changing, as the hearer
changes his position. Dr. Birch has described an
extraordinary echo at Roseneath in Argyleshire,
which certainly does not now exist. ‘When eight
or ten notes were played upon a trunpet, they wers
correctly repeated, but on a key a third lower,
After a short pause another repetition of the notes
was heard in a still lower tone, and aflter another
short interval they were repeated in a still lower
tone,

In the same manner asslj.ght i always loat-by re.
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flection, so the waves of sound are enfeebled by re-
flection from ordinary surfaces, and the echo is in
such cases fainter than the original sound. If the
reflecting surface, however, is circular, sound may
be condensed and rendered stronger in the same
manner as light. Ihave seena fine example of this,
in the circular turn of a garden wall nearly a mile
distant from a weir across a river. When the air
is pure and homogeneous, the rushing sound of the
water is reflected from the hollow surface of the
wall, and concentrated in a focus, the place of which
the ear can easily discover from the intensity of the
sound being there a maximum. A person not ac-
quainted with the locality conceives that the rushing
noise is on the other side of the wall.

In whispering galleries, or places where the low-
est whispers are carried to distances at which the
direct sound is inaudible, the sound may be conveyed
in two ways, either by repeated reflections from &
curved surface in the direction of the sides of a
polygon inscribed in a circle, or where the whis«
perer is in the focus of one reflecting surface, and
the hearer in the focus of another reflecting surface,
which is placed so as toreceive the reflected sounds.
The first of these ways is exemplified in the whis-
pering gallery of St. Paul’s and in the octagonal
gallery of Gloucester Cathedral, which conveys a
whisper 75 feet across the nave, and the second in
the baptistery of a church in Pisa, where the archi-
tect Giovanni Pisano is said to have constructed the
cupola on purpose. The cupola has an elliptical
form, and when one person whispers in one focus,
it is distinctly heard by the person placed in the
other focus, but not by those who are placed between
them. The sound first reflected passes across the
cupola, and enters the ears of the intermediate per-
sons, but it is too feeble to be heard, till it has been
condensed by a second reflection to the other focus
of ellipse. A naval officer, who travelled through
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Sicily in the year 1824, gives an account of 2 pow-
erful whispering place in the cathedral of Girgenti,
where the slightest whisper is carried with perfect
distinctness through a distance of 250 feet, from the
great western door to the cornice behind the high
aitar. By an unfortunate coincidence, the focus of
one of the reflecting surfaces was chosen for the
tace of the confessional, and when this was acci-
ntally discovered, the lovers of secrets resorted
to the.other focus, and thus became acquainted with
confessions of the gravest import. Thisdivulgence
of scandal continued for 2 considerable time, till the
eager curionity of one of the dilettantt was punished,
by hearirig his wife's avowal of her own mnfidelity.
This circumstance gave publicity to the whisperin;
peculiarity of the cathedral, and the confession
was removed to a place of greater secrecy.

An echo of a very peculiar character has been de-
scribed by Sir John Herschel in hiz Treatise on
Sound, as produced by the stspension bridge across
the Menai strait in Wales. “The sound of 2 blow
with a hemmer,” says he, * on one of the main piers,
is returned insuccession from each of the cross beams
which support the road-way, and from the opposite
pier at g distance of 576 feet; and in addition to
this, the sound is many times repeated between the
water and the road.way. The effect is a series of
spunds which may be thus written: the first re-

Fig. 50.

g penppepepRsp p m

turn is sharp and strong from the road-way over-
head ; the rattling which succeeds dies away rapidiy,
but the single repercussion from the opposite pier
is very strong, and is succeeded by a faint palpita-
tion repeating the sound at the rate of twenty-eight
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times in five secomis, and which, therefore, coyres-
ponds to a distance of 184 feet, or very nearly
the double interval from the road-way to the water.
Thus it appears that in the repercussion between
the water and road-way, that from the latter caly
affects the ear, the line drawn from the suditor to
the water being too oblique for the sound to diverge
suficiently in that direction. Another peculiarity
deserves especial notice, namely, that the echo from
the opposite pier is best heard when the auditor
stands precisely opposite to the middle of the breadth
of the pier, and strikes just on that point. Asit
deviates to one or the other side, the retumn ‘is pro-
portionally fainter, and is scarcelx heard by him
when his station is a little beyond the extreme edge
of the pier, though another person stationed (on the
same side of the water) at zn equal distance from
the central point, 80 as to have the pier between
them, hears it well.”

A remarkable subterranean echo is often heard
when the hoofs of ahorse or the wheels of a carriage
pass over particular spota of ground. 'This sound
18 frequently very similar t{o that which is pro-
duced in passing over an arch or vault, and is com-
monly attributed to the existence of natural or wr-
tificial caves bemeath. As such caves have often
been constructed in times of war as places of secu-
rity for persons and property, many unavailing at-
tempts have been made to discover hidden trea-
sures where their locality seemed to be indicated
by subterraneous sounds. But though these sounds
are sometimes produced by excavations in the
ground, yet they Fenerally ariee from the nature
of the materials of which the ground is composed,
and from their manner of combination, If the hol-
low of a road has been filled up with broken rock,
or with large water-worn stones, having hollows
either left entirely empty, or filled up with materials
of different density, then the sound will be reflected



AURTERRANEAN ECHO,. P ]

in sing from the loose to the dense materials,
and there will arise a great number of echoes reach-
ing the ear in rapid succession, and forming by
their union a hollow rumbling sound. This prin-
ciple has been very sucrvessfully applied by 8ir John
Herschel to explain the subterranean sounds with
which every traveller is familiar who has visited the
Solfaterra near Naples. When the ground at a
anticula.r place is struck viclently b?p throwing a
arge stone against it, a peculivr hollow sound is
diatinctly heard. This sound has been ascribed ‘137
some geologists 1o the exisience of a great vault
communicating with the ancient seat of the voleano,
by other writers to a reverberation from the sur-
rounding hills with which it is nearly concentric,
and by others to the porosity of the ground. Dr,
Daubeny, who says that the hollow sound is heard
when any part of the Solfaterra is struck, accounts
for it by supposing that the hill is not made up of
one entire rock, but of a number of detached blocks,
which, hanging, as it were, by each other, forma
sort of vault over the abyss within which the vol-
canic operations are going on.* Mr. Forkes, who
has given the latest and most interesting description
of this singular volcano,} agrees in opinion with Dr,
Daubeny, while Mr. Scrope} and Sir John Herschel
concur in opinion that ne such cavities exist. *“1It
seems most probable,” says the latter, “that the
hollow reverberation is nothing more than an as-
semblage of partial echioes arising from the reflection
of successive portions of the original sound in its
progress through the soil at the innumerable half-
coherent surfaces composing it: were the whole
50il a mass of sand, these reflections would be so
strong and frequent as to destroy the whole impulse,

® Descriprlon of Volcxngen, p. 170
I Edinburgh fournal of Scises, N. Series, No. L p. 1M,
Conxiderations on Volcanoes, and Edinburgh Journal of S
Ko, xx, p. 261, und No. xir. p. 365,

Le
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in too short an interval to sllow of a distingaishable
after-sound. It i a case analogous to that of a
atrong light'thrown iato a milky medium or smoky
atmosphere ; the whole medivm appeara to shine
with a nebulous undefined light. This is to the eye
what such g hollow sound is to the ear.”*

It han been recently shown by M. Savart that
the human ear is 8o extremely sensible as to be ca-
pable of appreciating sounds which arise from about
twenty-four thousand vibrations in a second, and
consequently, that R can hear & sound which lasts
only the twenty-four thousandth part of a eecond.
Vibrations of such frequency afford only & shrilt
squeak or chirp ; and Dr. Wollaston lias shown that
there are many individuals, with their sense of hear-
ing eutire, who are altogether insensible to such
gcute sounds, though others are painfully affected by
them. Nothing, as Sir John Herschel remarks, can
he more surprising than to see two rparsons, neither
of them deal, the one complaining of the penetrating
shrillness of a sound, while the other maintains
there is no sound at all. Dr. Wollaston has also
ahown that this is true also of very grave sounds,
a0 that the hearing or net hearing of musical notes
at both extremities of the scale seems to depend
whoily on the pitch or frequency of vibration con-
stituting the note, and not upen the intensity or
loudness of the noise. This affection of the ear
sometinies gppears in cases of common deafness,
where a shrill tone of voice, such s that of women
and children, is often better heard than the loud and
deeper tone of men, :

Dr. Wolluston remarked, that when the mouth
arid nose are shut, the tympanum or drum of the
ear may be so exhausted by a forcible attempt to
take breath by the expansion of the chest; the
pressure of the external air-upon the membrane

* Art, Sewnd, Encyct. Metroy. § 110,
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gives it such 2 tension that the ear becomes insen-
stble to grave tones, without losing in any degree
the perception of sharper sounds. Di. Wollastor
found, that after he had got into the habit of making
the experiment, so as 10 be able to produce a
ge&t degree of exhaustion, his ears were insensible

all sounds below F, marked by the bass cliff.
“If I atrike the table before me," says he,* with
the end of my finger, the whole board sotnds with a
deep dull note. If I strike It with my nail, there
ie also at the same time a sharp sound produced by
quicker vibrati%ns of parts around the point of con.
tact. ‘When the ear 15 exhausted it hears only the
latter sound, without perceiving in any degree the
deeper note of the whole table. In the same man-
per, in listening to the sound of a carriage, the
deeper rumbling noise of the body is no longer heard
by an exhausted ear; but the rattle of a chain or
loose screw remains at Jeast as audible as before
exhaustion.” Dr. Wollaston supposes that this ex-
cessive tension of the drum of the ear, when pro-
duced by the compressed air in the diving-bell, will
also produce a corresponding desfness to low tones.
This curious experiment has been since made by
Dr. Colladon when descending in the diving-bell at
Howth in 1820. “We descended,” says he, “ 80
slowly that we did not notice the motion of the bell ;
but =8 soon as-the bell was immersed in water, we
felt about the ears and the forehend a sense of pres-
sure, which continued increasing during some mip.
utes. I did not, however, experience any pein in the
ears; but my companion suffered so much that
we wore obliged to stop our descent for a short
time. To remedy that inconmvenience, the work-
men instructed us after having closed our noatrils
and mouth, to endeavour to swallow and fo restrain
our respiration for some moments, in order that,
by this exertion, the internal air might sct on the
-Eustachian tube. My companion, however, having
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tried it, found himself very little relieved by this
remedy. After some minutes, we resunied our de~
scent. My friend suffered considerably: he was
pale ; his lips were totally discoloured; his ap-
Bearance was that of a man on the point of fainting ;
e was in involuntary low spirits, owing, perhaps,
to the violence of the pain, added to that kind of
apprehensijon which our situation unaveidably. in-
spired. ‘This appeared to me the more remarkable
48 my case was totally the reverse. ] was in a
state of excitement resembling the effect of some
spirituousliquor. 1 soffered no pain; I experienced
only a strong pressure round my head as if an iron
circle had been bound about it. 1 spoke with the
workmen, and had some difficulty in hearing them.
This difficulty of hearing rose to such a height, that
during three or four minutes I could not hear them
speak. 1 could notf, indeed, hear myself speak,
though 1 spoke as loudly as possible ; ner did even
the great noise caused by the violence of the cur-
rent againsi the sides of the bell reach my ears.”

The effect thus described by Dr. Colladon is dif-
ferent from that anticipated by Dr. Wollaston. He
was not merely deaf to low tones, but to all sounds
whatever; and I have found by repeated experiment,
that my own ears become perfectly insensible even
to the shrill tones of the female voice, and of the
voice of a child, when the drum of the ear is thrown
inlo =z state of tension by yawning.

With regard to sounds of high pitch at the other
extremity of the scale, Dr. Wollaston has met with
Fersons, whose hearing was in other respects per-

ect, who never heard the chirping of the Grylius
campestris, which commonly occurs in hedges during
8 summer’s evening, or that of the house-cricket,
or the squeak of the bat, or the chirping of the
common house-sparrow. The note of the batis &
full octave higher than that of the sparrow; and
Dr. Wollaston believes that the note of some in-
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sects tnay reach one octave more, as there are
sounds decidedly higher than that of a small pipe,
one-fourth of an inch in length, which he conceives
cannot be far from six octaves above the middle B
of the piano-forte. ** The suddennees of the transi-
tion,” says Dr. Wollaston, * from perfect hearing to
total want of perception, occasions & degree of sur-
prise, which renders an experiment on this subject
with a series of small pipes among several persons
rather amusing. It is curious to observe the change
of feeling manifested by various individuals of the
party, in succession, ss the sounds approach and
pass the limits of their hearing. Those who enjoy
2 temporary triumph are often compelled in their
turn to acknowledge to how short a distance their
little superiority extende.” In concluding his in-
teregiing gaper on this subject, Dr. Wollaston con.
Joctures that animals like the grylli {whose powers
of hearing appear to commence nearly where curs
terminate) may have the power of hearing still
sharper sounds which at present we do not know
to exist, and that there may be other insects hav.
ing nothing in common with us, but who are en-
dowed with a power of exciting, and a sense of
perceiving vibrations which makes no impression
apon our organs, while their organs are equally
insensible to the slower vibratione to which we are
accustomed,

With the view of studying the class of sounds
inaudible to certain ears, we would recommend it
to the young naturalist to examine the sounds
emitted by the insect tribe, both in relation to their
effect upon the human ear, and to the mechanism by
which they are produced. The Cicad® or locusts
in North America appear, from the observations of
Dr. Hildreth,* to be furnished with a bagpipe on
which they play & variety of uotes. “When sny

*Bainburph Jowrnel of Scemer, Ne. 1vil p. 190,
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one pasges,” says he, “ they make a great noise and
screaming with their aiv-bladder or bagpipes. These
bags are placed under, and rather behind, the wings
in the axilla, something in the manner of using the
bagpipes with the bags under the arms,—l could
compare them to nothing else; and, indeed, T sus-

ct the first inventor of the instrument borrowed

is ideas from some insect of this kind. They play
a variety of notes and sounds, one of which nearly
imitates the scream of the tree-toad.” :

Among the acoustic wonders of the natural world
may be ranked the vocal powers of the statue of
Memnon, the son of Aurora, which modern dis-
coveries have withdrawn from among the fables of
ancient Egypt. The history of this remarkable
statne is involved in much obecurity. Although
Strabo affirms that it was overturned by an earth-~
quake, yet as Egypt exhibite no traces of such a
convulsion, it has been generally believed that
the statue was mutilated by Cambyses. Ph. Casse-
lius, in his dissertation on vocal or speaking stones,
quotes the remark of the scholiast in Juvenal, * that
when mutilated by Cambyses, the statue which sa.
luted both the sun and the king afterward saluted
only the sun.” Philostratus, in his Life of Apollo,
informs us that the statue looked to the east, and
that it spoke as scon as the rays of the rising sun
fell upon its mouth. Pausanias, who saw the
statue in its dismantled state, says that it is a statue
of the sun, that the Egyptians call it Phamenophis,
and not Memunon, and that it emity sounds every
morning at sunrise, which can be compared only to
that of the breaking of the string of alyre. Sirabo
speaks only of a single sound which he heard; but
Juvenal, who had probably heard it often during
his stay in Egypt, describes it as il it emitted sev-
eral sounds.

Timidia magliem nkd M hord:
‘Where broken Memoon sonnds Lis magic sirjoge.
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‘The simple sounds which issued from the statue
were in the progress of time magnified into intelli-
gible words, and even into an oracle of seven verses,
and this prodigy has been recorded in a Greek in-
scription on the left leg of the statue. But though
this new faculty of the colossus was evidently the
contrivance of the Egyptian priests, yet we are not
entitled from this to call in question the simple and
perfectly credible fact that it emitted sounds. This
groperty, indeed, it seems to possess at the present

ay ; for we learn®* that an English travellzr. Sir
A. Smith, accompanied with a numerous escort,
examined the statue, and at six o'clock in the morn.
ing he heard very distinctly the sounds which had
been so celebrated in antiquity. He asserts that
this sound does not groceed from the statue, but
from the pedestal; and he expresses his belief that
it arises from the impulse of the air upon the stones
of the pedestal, which are arranged so as to produce
this surprising effect. This singular description is
to a certain extent confirmed by the description of
Strabo, who says that he was quite certain that he
heard a sound which proceeded either from the base,
or from the colossus, or from some one of the as-
aistants. As there were no Egyplian priests in the
eacort of Sir A. Smith, we may now safely reject
this last, and, for many cenhuries, the most probable
hypothesis. -

The explanation suggested by Sir A. Smith had
been previously given in a more specific form by M.
Dusszulx, the translator of Juvenal, “The statue,”
says ke, “ being hollow, the heat of the sun heated
the air which it contained, and this air, issning at
some crevice, produced the sounds of which the
priests gave their own interpretation.” -

Rejecting this explanation, M. Langles, in his dis-
geytation on the vocal statue of Memnon, and M.

+ Rewrme Encyelopedique, 820, om. 3. 3 5%
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Balverte, in his work on the occult seiences, have
ascribed the sounds entirely to Egyptian priestcraft,
and have even goue so far as to describe the me-
chanism by which the statue not only emitted
sounds, but erticulated distinctly the intonmations
appropriate to the seven Egyptian vowels, and eon-
secrated to the seven planets, M. Langles com-
ceives that the sounds may be produced by a series of
hammerzs, which strike either the granite itself, or
sonorous stones like those that have long been used
in China for musical instruments. M. Salverte im-
proves this imperfect apparatus, by eupposing that
there might be adapted to these hammers a clepsy-
dra or water-clock, or any other instrument fitied to
meaaure $ime, and 30 constructed as to put the
hammers in motion at sunrise. Not satisfied with
this supposition, he conjectures that the spring of all
this mechanism was o be found in the art of con-
centrating the rays of the sun, which was well known
to the ancients. Between the lips of the statue, or
in some leas remarkable part of it, concealed from
view by its height, he conceives an aperture to be
perforated, containing a lens or a mirror capable of
condensing the rays of the riuin,g suN WpOL One oY
wmore metallic levers, which by their expansion put
in motion the seven hammers in succession. Hence
he explaine why the sounds were emitted only at
sunrise, and when the solar rays fell upon the mouth
of the statue, and why they were never again heard
till the sun returned to the eastern horizon. Asa
iece of meclanism, this contrivance is defective
1 not providing for tha chasge in the sun’s ampli-
tude, which is very considerable even ia Egypt; for
as the stxtue and the lens are both fixed, and as the
sounds were heard at all seasons of the year, the
samne lens which threw the midsammer rays of the
sun n the hammers could not possibly throw
D them his rays in winter. But even if the ma-
:E?nerywm perfect, it is obvions that it could not
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hrve murvived the mutilation of the atatoe, and counld
not, short of a miracle, have performed its partin
the tirne of Bir A. Smith. .

If we abandon the idea of the whole being & trick
of the priesthood, which has been generally done,
and which the recent observations of Sir A. Smith
eutheorize ns to do, we must seek some nataral cayse
for the phenomena similar to that suggested by Duas.
saulx. It is curious io observe how the study of
nature gredeally dispels the consecrated delusions
of ages, and reduces to the level of ordinary facts
what time had invested with all the eharacters of
the supernatural: and in the present case it is no
lens remmarkable that the probiem of the statwe of
Memnon shonld have been first solved by means of
an observation made by a solitary traveller wander-
ing on the banks of the Orinoco. “The granitic
roch,” says Baron Humboldt, # on which we lay, is
one of those where travellers on the Orinoco have
heard from time to time, towards sunrise, subter-
raneous sounds resembling those of the organ.  The
miesionaries ¢all these stones lozas de munca. ‘It
is witcherafl?,' said owr young Indiam pilot. 'We
never ourseives heard these mysterious sounds either
at Carichena Vieja or in the upper Orimoco; bmt
from information given us by witnesses worthy of
belief, the existence of a phenomenon that seems
to depend on » certain state of the atmosphere can-
not be denied. The shelves of rock are full of very
narrow:and deep crevices. They are heated during
the.day-to about 56°. [ often found their tempera-

- ture at the sorface during the might ‘at 39°, the sur.

ronnding atirsphere being at 88°. It may easily ba-

conceived that the difference of temperature between
the subterraneous and the external air attaine its
maximum sbout sunrise, or at that moment which
i9 at the same time farther from the period of the
maximum of the heat of the preceding day. May
not these somnds of an m’-ig‘nn, then, which are heard
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when & person sleeps upon the roek, his are in con-
tact with the stone, be the effect of a current of air
that imsues out through the crevices! Doesnot the
impulse of the air against the elastic spangles of
mica that intercept the crevices contribule to modify
the sounds? May we not admit that the ancient in-
habitapts of Egypi, in sing incessantly up and
down the Nile, made the same observation on
some rock of the Thebaid, and that the music of
the rocka there led to the jugglery of the priests in
the statue of Memnon ¥ )

This curious case of the production of sounds in
granite rocks at sunrise might have been regarded
as a transztlaniic wonder which was not applicable
to Egypt; but by a singular coincidence of observa-
tion, MM. Jomard, Joliois, and Devilliers, who were
travelling in Egypt nearly about the same {ime that
M. Humboldt was {raversing the wilds of South
America, heard a¢ sunrise, in ¢ monumend of granife,
situated near the centre of the spol on whick the

e of Carnac stands, a noize resembling that of ¢
aking string, the very expression by which Pau.
sanias characterizes the sound in the Memnonjan
granite. The travellers regarded these sounds as
arising from the transmission of rarefied air through
the crevices of a sonorous stone, and they were of
the same opinion with Humboldt, that these sounds
might have ested to the Egyptian priesta the jug-
eries of the Memnoniwm. Is 1t ot strange that the
ssian and the French travellers shoutld not have
gone a step farther, and solved the protlem of two
thousand years, by maintaining that the sound of
the statue of Memnon was itself a natural phenom-
encn, or 8 granite sound elicited at sunrise by the
very same causes which operated on the Orinoco
and in the Temple of Carpac, in place of regarding
it a8 & trick in imitation of natural sounds? If, as
Humboldt supposes,the ancient inhabitants of
kad, in passing incessantly up and down the Nile,
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become familiar with the music of the granite yocks
of the Thebaid, how could the imitation of such
natural and familiar sounds be regarded by the priests
as a means of deceiving the people?! There could
be nothing marvellous in a colossal statue of granite
giving out the very eame sounds that were given
out at the same time of the day by a granite rock;
and in place of reckoning it a supernaturs] fact, they
could regard it in no other light than as the dupli-
cate of 3 well-known naturzl phenomencn, Itisa
mere conjecture, however, that such sounds were
common in the Thebaid, and it is therefore probable
that a granite rock, possessing the property of emit-
ting sounds at sunrise, had been discovered by the
priests, who were at the same time the philosophers
of Egypt, and that the block had been employed in
the formation of the Memnouian statue for the pur-
pose of impressing vpon ita su&emamral character,
and enabling them to maintain their influence overa
credulous peaple.

The inquiries of - recent travellers have enabled us
to corroborate these views, and to #dd another re.
markable example of the influence of subterraneous
sounds over supersiitious minds. About three
leagues to the north of Tor, in Arabia Petreea, is n
mountain, within the bosom of which the most sin.
gular sounds have been heard. The Arabs of the
desert ascribe these sounds to a convent of monks
preserved miraculousty under ground, and the sound
18 supposed to be that of the Nakous, a long narrow
metailic ruler suspended horizontally, which the
priest strikes with & hammer for the purpose of as.
sembling the monks to prayer. A Greek was said
to have eeen the mountain open, and to have de-
scended into the subterranean convent, where he
found fine gardens and delicious water ; and, in order
ta give proof of his descent, he produced some frag-
ments of consecrated bread, which he pretended to
have brought from the subterranean convent, The
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inhabitanis of Tor likewise declare that the catneln
are not only frightened, but rendered furious, when
they hear these subtertaneous sounds.

M. Seetzen, the first European traveller who vis-
ited this extraordinary monuntain, set out from
Wodyel Nackel on the 17th of June at 5 o'clock in
the morning. He was accompanied by a Greek
Christian and some Bedouin Arabs; and after a
quarter of an hour's walk, they reached the foot of
& majestic rock of hard sandstone. The mountain
itself was quite bare, and entirely composed of it.
He found inscribed upon the rock severa] Greek and
Arab names, and aiso some Koptic charscters, which
proved that if had been resorted to for centuries.
Abdut noon the party reached the foot of the moun-
tains called Nakous, where at the foot of a ridge they
beheld an insulated peaked rock. This mountain
presented upon two of its sides two sandy declivitios
about 150 feet high, and 8o inclined that the white
and slightly adhering sand which rests upon its sur-
face is scarcely able to support itsell; and when the
scorching heat of the sun destroys its feeble cohe-
sion, or when it is agitated by the smaliest motions,
it slides down the two acclivities, These declivities
wnite behind the insulated rock, forming an aeute
angle, and, like the adjacent surfaces, they are cov-
ered with steep rocks which consist chiefly of a
white and friable freestone.

The firat sound which greeted the ears of the
{raveilers took place at an hour and & quarter sfter
noon. They had climbed with great difficulty as
far as the sandy declivity, a haiiht of seventy or
eighty feet, and had rested beneath the rocks where
the ims are accusiomed to listen to the sounds.

e in the act of climbing, M. Seetzen heard
ke sound from beneath his knees, and hence he was
led to think that the stiding of the sand was the
cause of the sound, and not the effect of the vibrg-
tion which it occasioned. At three oclock the
sound becamse louder, and continued six minutes,
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and after having ceased for ten minutes, it- was
wgain heard, e sound appeared to have the
greatest resemblance to that of the humming-top,
rising and falling like that of an Eolian harp.” Be-
lieving that he had discovered the true origin of the
sound, M. Seetzen was anxious to repeat the experi-
ment, and with this view he climbed with the utmost
difficulty to the highest rocks, and, sliding down as
fast as he could, he endeavoured, with the help of
his hands and feet, to set the sand in motion. L]
effect thus produced far exceeded his expectations,
and the sand in rolling beneath him made 50 loud a
noise that the earth seemed to tremble to such a
degree that he states he should certainly have been
afraid if he had been ignorant of the cause.

M. Seetzen throws ouf some conjectures respect-
ing the cause of these sounds. Does the rolling
layer of sand, se‘l:lya he, act like the fiddle-bow, which
on heing rubbed upon a plate of glass raises and
distributes into regular figures the sand with which
the plate is covered 1 Does the adherent and fixed
layer of sand perform hexe the part of the plate of
glass, and the neighbouring rocks that of the sound-
ing body?! We cannot pretend to answer these
questions, but we trust that some philosopher com-
petent to the task will have an opportunity of ex-
amining these interesting phenomena with more at-
tention, and deacribing them with greater accuracy.
_ 'The only person, 3o far as I can learn, who has vis-
ited El-Nakous since the time of Seetzen, is Mr. Gray
of University College, Oxford; but he has not added
much to the information acquired by his predecessor.
During the first visit which he made to the place,
he heard, at the end of a quarter of an hour, a low
continuous murmuring sound beneath his feet, which
gradually changed into pulsations as it became louder,
30 a8 1o resemble the striking of a clock, and at the
end of five minutes it became s0 strong as to detach
the sand, Returning to %he gpot next day, be heard

2
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the sonnd still jouder than before. He could not
obaerve any crevices by which the external air could
penetrate, and as the sky was perone and the air
calm, he was satisfied that the sounds could not
axise from this canse.”

P——
LETTER X,

Mechanical T ione of the Anel ow In Nunit Anchent gnd
modern Peata of Btrength—Featy of Eckeberg particuiariy described—
General Expianation of them—Real Feata of Streugth ﬁrformed by
Thomas Tophem—Remarkeble Power of Jifting Geary ¢ When
the Longn are lofizied—Belroai's Fawt of Inirg midn of Mer-—
Deception of walking ulong the Ceiling in an inverted Pomition—Fnea-
mAtic Apparatus in 1 Foot of the Houws-Ay for enebling it (o walk ia
Qppmi!;;n‘g: ra f.ma‘:d f_"l; of tha sanlog App e
ployed (ecko Li or tle s Purpees—Apparatas by
1ha Ecbineis Remors or Bucking-fish, uerd

Tux mechanical knowledge of the ancients was
principally theoretical, and though they seem to have
execuied some minor pieces of mechanism which
were sufficient fo delude the ignorant, yet there is
no reason for beiieving that they have execeuted any
machinery that was capable of exciting much sur-
prise, either by its ingenuity or its magnitude. 'The
properties of the mechanical powers, however, seem
to have been successfully employed in performing
feats of strengih which were beyond the reach even
of strong men, and which could not fail to excite
tke greatest wonder when exhibited by persons of
erdinary size. _ '

Firmus, a native of Seleucia, who was executed
b¥ the Emperor Aurelian for espousing the cause
of Zenobia, was celebrated for his feats of strength.
Iz bis account of the life of Furmus, who lived in

"'u!u. Edinburgh Fournal of Scimce, No. zi. p. 153, wod No. xSlf,
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the third century, Yopiscus informes us that he could
suffer iron to be forged uvpon an anvil placed wpon
his breast. In doing this he lay upon his back, and
resting his feet and shoulders against,some support,
his whole body formed an arch, as we shall after-
ward more icularly explain. Until the end of
the sixteenth century the exhibition of such feats
does not seem to have been common, About the
year 1708, a native of Kent of the name of Joyce
exhibited such feats of strength in London and other
parts of England that he received the name of the
second SBamson. His own personal strength was
very great; but he had also discovered, without the
aid of theory, various positions of his body in which
men even of common strength couwld perform very
surprising feats. He drew against horses, and raised
enormous weights; but as he actually exhibited his
power in ways which evinced the enormous strength
of his own muscles, all his feats were ascribed to
the pame cause. Inthe course of eight or ten years,
however, his methods were discovered, and many
individuals of ordinary strength exhibited a number
of hie principal performances, though in a manner
greatly inferior to Joyce.

Some time afterward, John Charles Van Eckeberg,
a native of Harzgerode in Anhalt, travelled through
Europe under the appellation of Bamson, exhibiting
very remarkable examples of his strength. This
we believe ig the same person whose feats are par-
ticularly described by Dr. Desaguliers. He was a
man of the middle size, and of ordinary strength;
and as Dr. Desaguliers was convinced that his feats
were exhibitions of skill and not of atrength, he
was desirous of discovering his methods, and with
this view he went to see him, accompanied with the
Marguia of Tullibardine, Dv. Alexander Stuart, and
Dr. Pringle, and his own mechanical operator. They
placed themselves round the German so as to be able
to cbaerve zceurately ail that ha did, and their sue-
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cess was 8o great, that they were able to perform
most of the feats the same avenin%l:dy themselves,
and almost all the rest when they provided the
proper appargtus. Dr. Desaguliers exhibited some
of the experiments befors the: Royal Society, and
has given such a distinet explanation of the prinei-~
ples on which they depend, that we shall endeavour
to give a popular account of them. .

I. The performer sat upon an inclined board AB,
placed upon a {rame CDE, with his feet abutting

Fig. 51,

agninst the upright board €. Round his loins was
placed a strong girdle FG, to the iron ring of which
at G was fastened a rope by means of a hook. The
rope passed between his fegs through a hole in the
board C, and several men, or two horses, pulling at
the other end of the rope, were unable to draw the
performer out of his place, His hands at G seemed
to pull againat the men, but they were of no advan.
to him whatever.

2. Another of the German’s feats is shown in
Fig. 52. Having fixed the rope above mentioned
to a strong post at A, and made it pass through &
fixed iron eye at B, to the ring in his girdle, he
Ela.nted his feet against the post at B, and raised

imself from the ground by the rope, as shown in
the figure, He then suddenly stretched out his legs
and broks the rope, falling back on a feather bed at
C, spread onut to receive him. ' :

3. In imitation of Firmus, he laid himself down
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Fig. 83.

on the ground, as shown in Fig. 58, and when an
anvil A was placed upon his breast, a man hammered

with all his force the piece of iron B, with a sledge
hammer, and sometimes two smiths cut in two with
chisels a great cold bar of iron laid upon the anvil,
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At other times a stone of huge dimensions, half of
which is shown at C, was laid upor his belly, and
broken with s blow of the great hammer. .

4. The performer then placed his shouldera upon
one chair, and his heels zpon another, as in Fig. 54,
forming with his back-bone, thighs, and legs an arch
springing from its abuiments at A and B. One or
two men then stood upon his belly, rising up and down
while the performer breathed. A stone one and a
half feet long, one foot broad, and half 2 foot thick
wag then laid upon his be!!{ and broken by a sledge
hammer, an operation which may be performed with

Fig. 54. . {

much less du;ger than when his back fouched the
ground, as in 1‘g &3, ’ :

6. His next feat was to lie down on the ground,
a8 in Fig. 65. A man being then placed on his
knees, he draws his heels towards his body, and
raising his knees he lifts up the man gradually, il
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Fig. 55.
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having brought his knees perpendicularly under
him, as in Fig. 58, he raises his own body up, and
placing his arms around the man's legs, he rises
with him, and sets him down on some [ow table or
eminence of the same height as his knees. This
feat he sometimes performed with two mer in place
of one.

8. The last, and apparently the most wonderful,
performance of the German is shown in Fig. 57,

Fig. 87.

where he appears to raise a cannon A, placed upon
a scale, the four ropes of the scale being fixed to a
rope or chain aftached to his girdle in the manner
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mlready described. Previous fo the fixing of the
ropes the cannon and scale rest upon two rollers B,
C, but when ali is rendy, the two rollers are knocked
fremn beneath the scale, and the cannon is sustained
by the strength of his loins.

The German atso exhibited his strength in twiat-
ing into a screw 2 flat piece of iron like A, Fig.
58. He first hent the iron into a right angle, aa at

B, and then wrapping his handkerchief about is
broad upper end, he held that end in his left hand,
and with his right applied to the other end, twisted
sbout the angular point, as shown st C. Lord Tulli-
bardine succeeded in doing the same thing, and even
untwisted one of the irons which the German had
twisted.

It would lead into defails by no means popular
were I to give a minute explanation of the mechan-
ical principles upon which these feats depend. A
few general observations will perhaps be sufficient
for ordinary readers. T%}Ie feats No. I, 2, and 6,
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depend entirely on the natural strength of the bones
of the pelvis, which form a double arch, which it
would require an immense {orce to break, by any
external pressure direeted to the centre of the arch;
and as the legs and thighs are capable of sustaining
four or five thousand pounds when they stand quite
upright, the performer has no difficulty in resistiog
the force of two horses, or of sustaining the weight
of a cannon weighing two or three thousand pounds.

The feat of the anvil is certainiy a very surpris-
ing one. The difficulty, however, really consista
in sustaining the anvil; for when this is done the
effect of the hammering is nothing. If the anvil
were a thin piece of iron, or even two or three
times heavier than the hammer, the performer
would be killed by a few blows; but the blows are
scarcely felt whea the anvil is very heavy, for the
more matter the anvil has, the greater is its inertia,
and it is the less liable to be struck out of its Flace;
for when it has received by the blow the whole mo-
mentum of the hammer, itz velocity will be so much
less than that of the hammer, as its guantity of
matter is greater. 'When the blow, indeed, is struck
the man feels less of the weight of the anvil than
he did before, because in the reaction of the stone
all the parts of it round about the hammer rise
towards the blow. This property is illustrated b
the well-known experiment of laying a stick witi
its ends upon two drinking glasses full of water,
and striking the stick downwards o the middle
with an iron bar. The stick will in this case be
broken without breaking the glasses, or spilli
the water. But if the stick is struck upwards, aav;g
to throw it up in the air, the glasses will break if
the blow be strong, and if the blow is not very
quick, the water will be spilt without breaking the
glasses,

When the performer supports a man npon his
belly, as in Fig. 45, he does it by means of the strong
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arch formed by his backbone, and the bones of hia
lega and thighs, If there were room for them, he
could bear three or four, or, in their stead, a great
atone to be broken with one blow.

A number of feats of real and extrzordinary
sirength were exhibited about a century age, in
London, by Thomas Topham, who was five feet fen
inches high, and about 31 yezrs of age. He was
entirely ignorant of any of the methods for making
his atrength appear more surprising, and he often

rformed by his own natural powers what he
earned had been done by others by artificial means.
A dietressing example of this occurred in his at-
tempt to imitate the feat of the German Samson
by pulling againat horses. Ignorant of the method
which we have already described, he seated himself
on the ground with sz feet against two stirrups,
and by the weight of his body he succeeded in pull-
ing againat & single horse; but in attempling to
pull against two horses, he was Lifted out of his
place and one of his knees was shaftered against
the stirrups, so as to deprive him of most of the
strength of one of his legs. The following are the
feats of resl strength which Dr. Desaguliers saw
him perform.

1. Having rebbed his fingers with coszl-ashes to
keep them from slipping, he rolied up a very strong
and large pewter piate.

2. Heving laid seven or eight short and strong

ieces of tobacco-pipe on the first and third fingers,
Ee broke them by the force of his middle finger.
3. He broke the bowl of a strong tobacco-pipe
laced between his first and third fingers, by pressing
im fingers {agether sideways,

4. Having thrust such another bowl under hLis

rter, his legs being bent, he broke it to pieces b

e tendons of his hams, without altering the bend-
mg of his leg.

. He lifted with his teeth, and held in a hon-
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zontal position for & considerable time, a table six
feet long, with half 2 hundred weight hanging at
the end of it. The feet of the table rested against
his knees.

6. Holding in his right hand as iron kitchen
poker three feet long and three inches round, he
struck upon his bare Jeft arm, between the elbow
mdlthe wrist ti} he bent the poker nearly to a right
angle.

7. Taking a similar poker, and holding the enda
of it in his hands, and the middle against the back
of his neck, he brought both ends of it together be-
fore him, and he then puiled it almost straight again.
This Jast feat was the most difficult, becanse the
muscles which separate the arms horizontally from
each other are not so strong os those which bring
them togeiher.

8. He broke a rope abont two inches in circum- .
ference, which was partly wound about a cylinder
four inches in diameter, having fastened the other
end of it to strape that went over his shoulder.

8. Dr. Desag'ugiers aaw him lil} a rolling stone of
zbout B00 pounds’ weight with his hands only, stand-
ing in & frame above it, and taking hold of a frame
fastened to it, Hence Dr. Desaguliers gives the
following relative view of the sirengths of indi-
viduals. .
Strength of the weakest men - 125 pounds

Strength of very strong men - 400
Strength of Topham - . - B00
The weight of Topham was about 200,

One of the most temarkable and inexplicable ex-

riments relative to the strength of the humaa
rame which you bave yourself seen and admired,
is that in which & heary man is raised with the
greatest facility, when he is lifted up the instant
that his own lungs and those of the persons who
raise him are inflated with air. This experiment
was, I beliove, first shown in England a few years
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#go by Major H., who saw it performed in a large
party at Venice under the direction of an officer of
the American navy. As Major H. performed it
more than once in my presence, I shall describe as
nearly as possible the method which he prescribed.
The heaviest person in the party lies down upon
two chairs, his legs being supported by the one
and his back by the other. Four persons, one at
each leg, and one at each shoulder, then try to raise
im, and they find his dead weight to be very great,
rom the difficulty they experience in supporting
him. When he is replaced in the chair, each of the
four persons takes hold of the body as before, and
the person to be lifted gives two signals by clapping
his hands. At the first signal he himself and the
four lifters begin to draw a long and full breath,
and when the inhalation is completed, or the lungs
filled, the second signal is given, for raising the
gerson from the chair. To his own surprise and
hat of his bearers, he rises with the greatest facil-
ity, as if he were no heavier than a feather. On
several occasions I have observed that when one
of the bearers performs his part ill, by making the
inhalation out of time, the part of the body which
he tries to raise is left, as it were, behind. As you
have repeatedly seen this experiment, and have
geerformed the part both of the load and of the
arer, you can testify how remarkable the effects
appear to all parties, and how complete is the con-
viction, either that the load has been lightened, or
the bearer strengthened by the prescribed process.
At Venice the experiment was performed in a much
more imposing manner. The heaviest man in the
party was raised and sustained upon the points of
the forefingers of six persons. Major H. declared
that the experiment would not succeed if the person
lited were placed upon a board, and the strength of
the individuals applied to the board. He conceived
it necessary that the belz}.rers should communicate
2
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directly with the body to be raised. 1have not hack
an opportunity of making any experiments relatives
to thess curious facts; but whether the general
effect is an {iusion, or the result of known or of new
principles, the subject merits a careful investigation.
Among the remarkable exhibitions of mechanical
strength and dexterity, we may enumerate that of
supporting pyramide of men. This exhibition is &
very ancient one. It is described, though not very
clearly, by the Roman poet Claudian, and it has de-
tived some importance in modern times, in conse-
uence of its having been performed in varions parts
of Great Britain by the celebrated traveller Belzoni,
hefore he entered upon the more estimable career
of an explorer of Egyptian antiquities. The sim-
plest form of this feat consists in placing a number
of men upon each other’s shoulders, so that each
tow coneists of a man fewer till they form a pyra-
mid terminating in a single person, upon whese head
a boy is sometimes placed with his feet upwards,
Among the displays of mechanical dexterity,
though not grounded on any scientific principle, may
be mentioned the art of walking along the ceiling
of an apariment with the head downwards. This
exhibition, which we have witnessed in one of the
London theatres, never failed to excite the wonder
of the aundience, although the movements of the in-
verted performer were not such as to inspire us with
any high ideas of the mechanism by which they
were effected. The following was probably the
method by which the performer was carried along
the ceiling. Two parallel grooves or openings were
made in the ceiling at the same distance as the foot-
tracks of a person walking on sand. These grooves
were narrower than the human foot, so as to permit
a rope or chain or strong wire, attached to the feet
of the performer, to pass through the ceiling, where
they were held by two or more persons above it.
In this way the inverted performer might be carried

s

——-
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along by a sliding or shuffling motion, similar to that
which is adopted ip walking i the dark, and in which
the feet are not lifted from the ground. A more
regular motion, however, might be produced by 4
contrivance for attaching the rope or chain to the
sole of the foot, at each step, and subsequently de-
taching it. Inthis way, when the performer is pulled
against the ceiling by his left foot, he would it his
right foot, and having made a step with it, and planted
it against the grooves, the rope would be attached
to it, and when the rope was detached from the left
foot, it would make a similar step, while the right
foot was pulled against the ceiling, These effects
might be facilitated and rendered more natural by
attaching to the body or to the feet of the performer
strong wires invisible to the audience, and by using
friction wheels, if a sliding motion only is required,
A more scientific method of walking upon the
ceiling is suggested by those beautiful pneumatic
-vontrivances by which insects, fishes, and even some
lizards are enabled to support the weight of their
bodies against the force of gravity. The house-fly
is well known to have the power of walking in an
inverted position upon the ceilings of rooms, as well
as upon the smoothest surfacea. In this case the
fly does not rest upon its legs, and must therefore
adhere to the ceiling sither by some glutinous
matter upon its feet, or by the aid of some apparatus
given it for that purpose. In examining the foot
of the fly with a powerful microscope, it 1s found to
consist of fwo concavities, as shown in Fig. 59 and
&0, the first of which is copied from a drawing b
G. Adams, published in 1748, and the second by f
C. Keller, a ﬁa.inter at Nuremberyg, who drew it {or a
work published in 1766. The author of this work
maintains that these concavities are only used when
the fly moves horizontally, and that, when it moves
perpendicularly or on the ceiling, they are turned up
wut of the way, and the progresaive motion is effacted
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ing the claws shown In the figure inlo the
irregularities of the surface upon whick the fty
moves, whether it is giass, porceiain, or any other

Fig. 0.

substance, Sir Everard Home, however, supposes,
with great reason, that these concave surfaces are
{itke the jeathern suckers used by children for lifting
stones} empicyed to form a vacuum, so that the foot
adheres, as it were, by suction {o the ceiling, and
enables the inmect to support itself in an inverted
position. .

This conclusion Sir Everard has been led to draw
from an examination of the foot of the Lacerta
Gecko.  Sir Joseph Banks had mentioned to him in
the year 1815, that this lizard, which is a native of
the island of Java, comes out in the evening from
the roofs of the houses, and watks down the smooth
hard polished chunam walls io search of the fiies
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which settle upon them, and which are its natural
food. When Sir Joseph was at Batavia, e amused
himself in catching thus lizard. He stood close to
the wall at some distance from the animal, and, by

. Fig. 80,

saddenly scr:gmg the wall with = long flattened
pole, he wes able to bring the animal to the ground.

Having procured from Sir Joseph a very large
specimen of the Gecko, which weighed 5} ounces
avoirdupois, Sir Everard Home was enebled o as-
certain the peculiar mechanism by which the feet
of this animal have the power of keeping hold of a
smooth hard perpendicular wall, CAITY up 8O
heavy a weight as that of its body..

The foot of the Gecko has five toes, and at the
end of each of thetn, except the thumb, is a very
sherp and highly curved claw. On the under surface
of each foe are sixteen iransverse slits, leading to
38 many cavities or pockets, the depth of whichis
nearly equal {o the length of the stit tha! forms the
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surface. These cavities all open forwards, and the
external edge of each opening is serrated like the
teeth of a sma]l-toothe comb. The cavities are
lined with a cuticle, wh.lch also covers the serrated
edges.

%‘hjs structire Sir Evérard Home found to bear a
considerable resemblance to that portion of the head
of the Echineis remore, or sucking-fish, by which
it attaches itseif to the shark, or the bottoms of
ships. It isof an oval form, and is aurrounded by a
broad loose moveable edge, capable of applying itself
closely to the surface on which it is set. Ii consists
of two rows of cartilaginous plates, connected
one edge to the surface on which they are plac
the other, or the external edge, being serrated like
that in the cavities of the feet of the Gecko. The two
rows are separated by a thin ligamentous partition,
and the plates being raised or depressed By the vol-
untary muscles form 8o many vacua, by means of
which the adhesion of the fish is effected.

These beautiful contrivances of Divine Wisdom
cannot fail to arrest the attention and excite the ad-
miration of the reader; but though there can be
little doubt that they are preumatic suckers wrought
? the voluntary muscles of the animals to which

oy belong, yet we would recommend the further
examination of them to the attentior of those who
have good microscopes at their command,
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"LETTER XI.

Mechanieal Aviomneix of the Anclents—Moving Tripods—Aotomate of
Dedaius—Woaden Pigeon of Archyras—Automatic Cloek of Charle-
Tongne—Automata mads by Turrianua for Charles V.—Camus’s auto-

* matic Carriage made for Lonis XIV.—Degennes’s mechanical Poacock
—Vaucanson's Dok, which ate and digested s Food—Du Moulin's
Automara— Baron Kempelen™s Auntomaton Chess-player—Drawing apd
Writing Automata—Mailiardet’s Conjurer—Baneflts derived from the
Pussion for Automata— Examplen of wenderfal Machinery for naeful
Purposse—Duncan's Tambouring Mochinery—Wait's Statwe-turniog
Muchinery— Babbaga's Calcuiating Machinery.

We have already seen that the ancients had at.
tained some degree of perfection in the construction
of automata, or pieces of mechanism which imitated
the movements of man and the lower animals. The
tripods which Homer* mentions as having been con-
structed by Vulcan for the banqueting-hall of ths-
gods, advanced of their own accord to the table,
and again returned io iheir place. Self-moving
tripods are mentijoned by Aristotle, and Philostratus
informs us, in his Life of Apollonius, that this phi-
losopher saw and admired similar pieces of mecha-
nism amang the sages of India.

Dadalus enj()ﬁs alse the reputation of having
constructed machines that imitated the motions of
the human body. Some of his statues are said to
have moved about spontaneously, and Plato, Aris-
totle, and others have related that it was necessary
to tie them, in order to prevent them from runnin
away. Aristotle speaks of a wooden Yenus, whic
moved about in consequence of quicksilver being
poured into its interior; but Callistratus, the tutor
of Demosthenes, states, with some probability, that
the statues of Diedalus received their motion from

* Riad, lib. veill, 373-379.
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the mechanical powers, Beckmarnn is of epinion
that the statues of Dadalus differed oniK from those
of the early Greeks and Egyptians in having their
eyes open and their feet and hands free, and that
the reclining posture of some, and the aititude of
others “as if ready to walk,” gave rise fo the
exaggeration that they possessed the power of
locomotion. This opinion, however, cannot be
maintained with any show of reason; for if we ap-
ply such a principle in one case, we musi a})ply it
i1 all, and the mind would be left in a state of utter
skepticism -respecting the inventions of ancient
times.

We are informed by Aunlus Qellivs, on the anthor-
ity of Favorinus, that Archytas of Tareatum, who
flourished about 400 years hefore Christ, constructed
a wooden pigeon which was capable of B{' .
Fayorinus relates, that when it had once alig g%,
it could not again resume its flight; and Aulus Gel-

. lius adds, that it was suspended by balancing, and
animated bﬁ a concealed aura or spirit.

Among the earliest pieces of modern mechanism
was the curious water-clock presented to Charle-
magne by the Kaliph Harun al Raschid. In the
dizi-plate there were twelve small windows, corres-
ponding with the divisions of the houra. The hours
were indicated by the opening of the windows,
which let cut little metallic balls, which struck the
hour by falling upon & brazen bell. . The doors con-
tinued open il twelve o’clock, when twelve little
knights, mounted or horseback, came out at the
same instant, and after parading around the dial, shut
all the windows, and returned to their apartments.®

The next automata of which any distinct account
has been preserved are those of the celebrated John
Muller, or Regiomontanus, which have been men-
tioned by Kircher, Baptista Porta, Gassendi, Lana,

* Arnalon Loisilieni. Aooo 857,



AUTOMATA OF WULLER, TURNIANUN, =70, 241

and Bishop Wilkins. This philosopher is said to
have constructed an artificial eagle, which flew to
meet the Emperor Maximilian when he arrived at
Nuremberg on the Tth June, 1470. After soaring
aloft in the air, the eagle is stated to have met the
emperor at some distance from the city, and to have
returned and perched upon the town gate, where it
waited his azpproach. When the emperor reached
the gate, the eagle stretched out its wings, and
saluted him by an inclination of its body. Muller ia
likewise reported to have constructed an iron fiy,
which wes put in motion by wheel.work, and which
flew about and leaped upon the tuble. At an enter-
tainment given by this philosopher to some of his
familiar friends, the fy flew from his hand, and afler
performing & considerable round, it refurned again
to the hand of ity master.

The Emperor Charles V., after his abdication of
the throne, srmused himselfl in his later years with
sutomata of various kinds. The artist whom he
employed was Janellus Turrianus of Cremona. It
was his custom after dinner to introduce upon the
table figures of armed men and horses. Some of
these beat drums, others played tpon flutes, while a
third set attacked each other with spears. Some-
times ha let fly wooden sparrows, which flew back
again to their nest. He also exhibited corn-mills so
extremely small that they could be concealed in 2
glove, yet so powerful that they could grind in aday
as much corn a9 would supply eight men with food
for a day.

The next piece of mechanism of sufficient inter-
est 10 merit our attention is that which was made
by M. Camus for the amusement of Louis XIV,
when a child. It consisted of a small cosch, which
was drawn by two horses, and which contained the
figure of a lady within, with’ a footnan and page
behind. When this machine was placed at the ex-
tremity of a table of the pggper size, the coachman
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smacked his whip, and the horses instantly set off,
nioving their legs in & natural manner, and drawi
the coach afler them. When the coach reached the
opposite edge of the table, it turned sharply at a
right angle, and proceeded along the adjacent edge.
As soon as it arrived opposite the place where the
king sat it stopped ; the page descended and opened
the coach-door; the lady alighted, and with =z
courtesy presented a petition, which she held in her
hand, to the king. After waiting some i{ime she
again courtesied and re-entered the carriage. The
Eage closed the door, and having rasnmema L)

ehind, the coachman whipped his horses and drove
on. The foolman, who had previously alighted,
ran after the carriage, and jemped up behind into his
former place. .

Not content with imitating the movements of
animals, the mechanical gentus of the 17th and iSth
centuries ventured to perform by wheels 2nd piniona
the functions of vitality. We ave informed by M,
Lobat, that General Degennes, a French officer who
defended the colony of St. Christopher's against the
English forces, consiructed a peacock which could
walk about as if alive, pick up grains of cora from
the ground, digest them as if they had been sub-
mitted to the action of the stomach, and afterward
discharge them in an aliered form. Degenpnes is
said to have invented various machines of great nse
in navigation and gunnery, and to have constructed
clocks without weights or springs.

The automaton of Degennes probably suggested
te M. Yaucanson the idez of constructing his cele-
brated duck, which excited so much interest through- -~
out Europe, snd which was perhaps the most won-
derful piece of mechanism that was ever made.
Yaucanson's duck exactly resembled the living ani-
mal in size and appearance. It executed accuratei{
all its movements and gestures, it ate and drank wit
avidity, performed all the quick motions of the head
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and throat which are peciiliar to the living animal,
and, like it, it muddied the water which it drank
with its bill. It produced also the sound of quack-
ing in the most natural manner. In the anatomical
structure of the duck the artist exhibited the high-
est skill. Every bone in the real duck had its
representative in the automaton, and its wings were
anatomically exact. Every cavity, apophysis, and
curvature was imitated, and each bone executed its
groper movements. When corn was thrown down

efore it, the duck stretched out its neck to pick it
up, it swallowed it, digested it, and discharged it in
a digested condition. The process of digestion was
effected by chgrmical solution, and not by trituration,
and the food digested in the stomach was conveyed
away by tubes to the place of its discharge.

The automata of Vaucanson were imitated by one
Du Moulin, a silversmith, who travelled with them
through Germany in 1752, and who died at Moscow
in 1765. Beckmann informs us that he saw several
of them after the machiner{lhad been deranged ; but
that the artificial duck, which he regarded as the

. most ingenious, was still able to eat, drink, and move.
Its ribs, which were made of wire, were covered
with duck’s feathers, and the motion was communi-
cated through thé feet of the duck by means of a
cylinder and fine chains like that of a watch.

Ingenious as all these machines are, they sink
into insignificance when compared with the atitoma-
ton chess-player, which for a long time astonished
and delighted the whole of Europe. In the year
1789, M. Kempelen, a gentleman of Presburg in
Hungary, constructed an automaton chess-player,
the general appearance of which is shown in the an-
nexed figures. The chess-player is a figure as large
as life, clothed in a Turkish dress, sitting behind a
large square chest or box three feet and a half long,
two feet deep, and two and a half high. The ma-
chine runs on casters, and is either seen on the floor
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when the doors of the apartment are thrown open,
or is wheeled into the room previous to the com-
rencement of the exhibitien. The Turkish chess—
player sits on a chair fixed to the aquare chest; his
right arm rests ¢n the table, and in the left he holds
a pipe, which is removed during the game, 28 it is
with this hand that he makes the moves. A chess.
board eighteen inches square, and bearing the usunal
number of pieces, is placed before, the figure, The

Fig. 81. Fig. 02.

exhibiter then anmounces to the spectators his in-
tention of showing thein the mechanism of the aun-
tomaton, For this purpose he unlocks the door A,
Fig. 81, and exposes to view 4 small cupboard lined
with black or dark coloured cloth, and containing
cylinders, levers, wheels, pinions, and different

pieces of machinery, which have the appenrance of .

occupying the whole space. He next opens the
door B, Fig. 62, at the back of the same cupboard,
and holding a lighted candle at the opening, he still
further displays the enclosed machinery to the spec-
tators, placed in front of A, Fig. 61. When the
candle is withdrawn, the door B is then locked; and
the exhibiter proceeds to open the drawer GG, Fig,

61, in front of the chest. Out of this drawer hs .

———
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takes u small box of counters, 8 set of chess.men,
and & cushion for the support of the sutomaton's
arm, as if this was the sole object of the drawer,
The btwo front doors C,C, of the large cupboard, Fig.
61, are then opened, and at the back.door D of the
amme cupboard, Fig. 82, the exhibiter spplies a
lighted candle, as before, for the purpose of showing
-its interior, which is lined with dark cloth like the
other, and coctains only a few pieces of machinery.
The chest is now wheeled round, as in Fig. 62: the
garmenta of the figure are lifted up, and the door E
tnh the trunk, and another door F in the thigh, are
opened,—the doors B and D havin%1 been previously
closed. When this exhibition of the interior of the
machine is over, the chest is wheeled back into its
original position on the floor. The doors A,C,C, in
front, and the drawer GG, are closed and locked,
and the exhibiter, after occupying himself for some
time at the back of the chest, 28 if he were ndjust-
ing the mechanism, removes the pipe from the hand
of the figure, and winds up the machinery.

The automaton is now ready to play, and when
an opponent has been found among the company,
the figure takes the first move. At every move
made by the automaton, the wheels of the machine
are heard in action; the figure moves its head, and
seems to look over every part of the chess-board,
‘When it gives check to its opponent, it shakes ils
head tArice, and only fwice when it checks the queen,
It likewise shakes its head when a false move is
made, replaces the adversary’s piece on the square
from which it was taken, and takes the pext move
itsell. In general, though not slways, the automa.
ton wins the gane.

During the progress of the game the exhibiter
often stands near the machine, and winds it up like
a ciock after it has made ten or twelve moves. At
other times he went {0 a corner of the room, as if

X2 .
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it were 1o consult a small aquare box, which stood
open for this purpose.

The chess-playing machine, as thus described,
was exhibited after its completion in Presburg,
Vienna, and Paris, to thousands, and in 1783 and
1794 it was exhibited in London and different parts
of England, without the secret of its movements
having been discovered. Its ingenious inventor,
who was a gentleman and a man of education, never
pretended that the automaton itself really played the
game. On the contrary, he distinctly stated “ that
the machine was a bagatelie, which was not without
merit in point of mechanism, but that the effects of
it appeared so marvelious only from the boldness of
the conception, and the fortunate choice of the
methads adopted for promoting the illusion.”

Upon considering the operations of this automaton,
it must have been obvious that the game of chess
was performed either by a person enclosed in the
chest or by the exhibiter himself. The fret of
these hypotheses was ingeniously excluded by the
display of the interior of the machine; for as every
part contained more or less machinery, the specta.
tor invariably concluded that the smailest dwarf
could not be accommodated within, and this idea
was strengthened by the circumstance that no pee-
son of this description could be discovered in the
suite of the exhibiter. Hence the conclusion was
drawn that the exhibiter actrated the machine either
by mechanical means conveyed through its feet, or
l'iy 4 magnet concealed in the body of the exhibiter,

hat mechanical communication was not formed
between the exhibiter and the figure was obvious
fram the fact that no such communication was viei-
ble, and that it was not necessary to place the ma-
chine on any particular part of the floor. Hence
the opinion became very prevalent that the agent
was a magnet; but even this supposition was ex-
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atuded, for the exhibiter allowed a strong and well
armed loadstore to be placed upon the machine
during the progress of the : had the moving
power been a magnet, the whole action of the ma-
chine would have been deranged by the approxima-
tion of a loadstone concealed in the pockets of any
- of the spectators.

As Baron Kempelen himself had admitted that
there was an illusion connected with the perform-
ance of the automaton, various persons resumed the
original conjecture that it was actuated by a person
concealed in its interior, who either played the
game of chess himself, or performed the moves
which the exhibiter indicated by signals. A Mr. X
F. Freyhere of Dresden published a book on the
subject in 1789, in which he endeavoured to explain,
by coloured plates, how the effect was produced;
and he concluded * that a well-taught boy, very thin
and tall of his age (sufficiently so thet he could be
concealed in a drawer almost immediately under the
chess-board), agitated the whole.” .

In gnother pamphlet, which had been previously
published at Paris in 1785, the author not only sup-

sed that the machine was put in motion by a

arf, a famous chess-player, but he goes so far ns
to explain the manner in which he could be accom-
modated within the machine. The invisibility of
the dwarf when the doors Wwere opened was eX-
plained by his legs and thighs being concenled im
two hollow cylinders, while the reat of his body was
out of the box, and hid by the petlicoals of the
automaton. When the doors were shut the clacks
produced by the swivel of a ratchet-wheel permitted
the dwarf to change his place and return to the box
unheard ; zod while the machine is wheeled about
the room, the dwarfl had an opportunity of shutting
the trap through which he passed imto the machine:
The interior of the figure was next shown, and the
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spectators were satisfied that the box contained no
iiving agent. ] .

Although these views were very plausiblo, yet
they were never ienera]ly adopted ; and when the
automaton was exhibited i Great Britain in 1818
and 1820, by M. Maelzel, it excited as intense an in~
torest as when it was first produced in Germany. -
There can be little doubt, however, that the secret
has been diacovered; and an anonymous writer has
shown in a pamphlet entitied “ Adn Attempt to analyze
the Automaton Chess-player of M. Kempelern,” that itis
capable of accommodating an ordinarily sized man;
and he has explained in the cilearest maaner how
the enclosed player takes all the different positions,
and performs 2ll the motions which are necessa.rr
to produce the effects actuzlly observed: The fol-
lowing is the substance of his observations:

The drawer GG when closed does not extend to
the back of the chest, but leaves a space O behind
it (see Fig. 69, 70, and 71) fourteen inches broad,
eight inches high, and three feet eleven inches long.
This space is never exposed to the view of specta-
tors. ‘The small cupboard seen at A is divided into
two parts by a door or screen I, Fig. 68, which is
moveable upon a hinge, and is so constructed that
it closes at the same instant that B is closed. The
whole of the front compartment as far as i is occu-
pied with the machinery H. The other compart.
ment behind I is etnpty, and communicates with the
space O behind the drawer, the floor of this division
being removed. The back of the great cupboard C,
C, ig double, and the part PQ, to which the quad-
ranis are attached, moves on a joint Q, at the upper
part, and forms when raised an opening 8, between
the two cupboards, by carrying with if part of the

tition R, which coneists of cloth tightly stretched.

he false back is ehown closed in Fig. 68; while

Fig. 70 shows the same back raised, so as to form
the opening 8 between the chambers. :
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When the spectator is allowed to look into the
trunk of the figure by lifting yp the dress, as in
Fig. 70, it will be observed that a great part of the
space is occupied by an inmer trunk N, Fig. 70, 71,
which passes off to the back in the form of an arch
and conceals from the spectators a portion of the
interior. This inner trunk N opens and communi-
cates with the chest by an aperture T, Fig. 72, about
twelve inches broad and fifteen high. When the
false back is raised, the two cupboards, the trunk N,
and tixe space O behind the drawer are all connected

ether,

e construction of the interior being thus under
stood, the chess-player may be introduced into the
chest thmugl k the sliding panel U, Fig. 68. He will
then raise the false back of the la.rge cupboard, and
assumne the pasition T%Jesented by the shaded figure
in Fig. 63 and 64, ngs being in this stale, the
exhibiter is readgeto begin his process of deception.
Ho first opens the door A of the small cupboard,

Fig. 63. Fig. 64.

and from the crowded and very ingenious disposi-
tion of the machinery within it, the eye is unable
to penetrate far beyond the opening, and the spec-
tator concludes without any hesitation that the
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whole of the cupboard is filled, as it appears to be,
with eimilar machinery. This false conclusion is
greatly corroborated by observing the ghmmemxg
light which plays among the wheel.work when th
door B is opened, and a candle held at the opening,
This mode of exhibiting the interior of the cupboard
satisfies the spectator also that no-opagque body
capable of holding or concealing any of the ]fgru
of a hidden agent is interposed between the light
and the observer. The door B is now locked and
the screen I closed ; and as this is done at the time
that the lLight is withdrawn, it will wholly escape
observation.

The door B is so constructed as to close by its
own weight, but as the head of the chess.player will
soon be placed very near it, the secret would be dis-
closed if, in turning round, the chest door shouid by
any accident fly open. The accident is prevented
by turging the key, and lest this little circumstance
should excite notice, it would probably be regarded
a8 accidental, as the keys were immediately wanted
for the other lacks.

As soon as the door B is locked, and the screen
1 closed, the secret is no longer exposed to hazard,
and the exhibiter proceeds to lead the minds of
the spectators still further from the real state of
thinga. The door A is left open to confirm the
opinion that no person is concezled within, and that
nothing can take place in the interior without being
observed.

The drawer GG is now opened, apparently for
the purpose of looking at the chess.men, cushion,
and counters which it contains; but the real object
of it is to give time to the player to change his
position, as shown in Fig. 85, and to replace the
false back and partition preparatory to the opening
of the great cupboard. e chess.player, aa the
Bigure shows, occupies with his body the back com-
partment of the small cupbeard, while his legs and
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thighs are contained in the gpace O behind the drawer
GG, his body being concealed by the screen I, and
kis lirobs by the drawer GG.

Fig. 85,

'The great cupboard C, C, is now opened, and
there is so little: machinery in it that the eye in-
stantly discovers that no person is concealed there.
To make this more certain, however, a door is
opened at the back and & lighted candle heid to it,
to allow the spectators to explore every corner and
Tecess. : o

The front doors of the great and emall cupboard
being left open, the chest is wheeled round to show
the trunk of the figure, and the bunch of keys is
ailowed to remain in the door D, as the apparent
carelessness of .such a proceeding will help to re-
move any suspicion which may have been excited
by the locking of the door B.

When the drapery of the figure has been raised,
and the doors E and F in the trunk and thigh opened,
the chest is wheeled round agmin into its original
position, and the doors E and F closed. In the
mean time the player withdraws his legs from behind
the drawer, as he cannot 8o easily do this when the
drawer GG is pushed in.
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In al! these operations, the epectator fialters
bimself that he has scen in successtion every part of
the chest, while in reality some paris have been
wholly concealed from his view, and others but in-

rfectly shown, while at the present time nearly
E?ﬁf of the chest iz excluded from view.

When the drawer GG is pushed in, and the
doors A and C closed, the exhibiter adjusts the
machisery at the back, in order to give time to the
player to take the poeition shown ina front view
m Fig. 66, and in profile in Fig. 87. In this po-

Fig. 8. Fig. 7.

sition he will experience no difficully in executing
every movement made by the automaton. Az his
head is above the chess-board, he will see through
the waistcoat of the figurs, as essily as through a
veil, the whole of the pieces on the board, and he
can eastly take up and pui down = chess-man with-

oat any other mechanist than that of a string com-

maunicating with the finger of the figure. His right
hand, being within the chest, mey be employed to
keep in motion the whesl-work for produeing the
noise which is ‘heard during the moves, and o per-
form the other movements of the figure, such as
that of moving the head, tapping on the chest, &c.
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A very ingenious contrivance is adopted to faeils
ltate the introduction of the player’s left arm into
the arm of the figure. To permit this, the arm of
the figure requires to be drawn backwards; and for
the purpobe of concealing, and at the same time
explaining this strained sattitude, a pipe is inge«
niously placed in the automaton’s hand. For this
reason the pipe is not removed till all the other
arrangements are completed. When every thing
hae been thus prepared, the pipe is taken from the
figure, and the exhibiter winds up, ds it wete, the

Fig. 68. Fig. 80,
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enclosed machinery, for the double purpose of im-
pressing upon the company the belief that the effect
is produced by machinery, and of giving a signal
to the player to put in motion the ﬁ;ad of the au-
tomaton.

This ingenious explanation of the chess automz.
ton is, our author states, greatly confirmed by the
regular and undeviating mode of disclosing the inte-
riar of the chest; and he slso shows that the facts
which have heen ohserved respecting the winding
up of the machine “afford positivé proof that the
axis turned by the key is quite free and wnconnected
either with a spring or weight, or any system of
machinery,” : -
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_ In orderto make the preceding description more
intelligible, I shall add the following more detailed
explanation of the figures. :

Fig. 70.

Fig. 61 is 8 perspective view of the autormaton
seen in front with all the doors thrown open,

Fig. 62 iv an elevation of the automaton, as seen
from behiud.

Fig. 63 is an elevation of the front of the chest,
the shaded figure representing the enclosed player
in his first position, or when the door A is opened.

Fig. 64 is a side elevation, the shaded figure rep.
resenting the player in the same position.

Fig. 65 is a front elevation, the shaded figure
showing the player in his second position, or_that
which he takes after the door B afid screen I are
closed and the great cupboard opened.

Fig. 66 is a front elevation, the shaded figure
showing the pla%er in his third position, or that in
which he plays the game,

Fig. 67 is a side elevation, showing the figure in
the same position. -

Fig. 68 is & horizonta] section of the chest
through the line WW in Fig. 68.

Fi]i'x 60 is a vertical section of the chest through
the line XX in Fig. 68.
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Fig. 70 is a vertical section through the line YY,
Fig. 66 showing the false back closed.

ﬁ‘ig. 71 is a similar vertical section showing the
false back raised. -

The following letters of reference are employed
in all the figures: ;

A. Front door of the small enpboard.

B. Back door of ditto.

C, C. Front doors of large cupboard,

D. Back door of ditto

E. Door of ditto.

F, Door of the thigh. :

GG. The drawer. .

H. Machinery in front of the smell cupboard.

1. Screen behind the machinery.

K. Opening caused by the removal of part of the
floor of the small eupboard. :

L. A box which serves to conceal an opening in
the fioor of the large cupboard, made te facilitate
the first position; and which also serves as a seat
for the third position.

M. A similar box to receive the toes of the player
in the first position.

- N. The inner chest filling up part of the trunk.

(. The space behind the drawer.

PQ. The false back tuming on z joint at Q.

R. Part of the partition formed of cloth stretched
tight, which is carried up by the false back to form
the opening between the chambera.

8. The opening between the chambers,

T. The openiug connecting the trunk and chest,
which is partly concealed by the {alse back.

1. Panet which is slipped aside to admit the

pl:?er

arioye pieces of mechanism of wonderful inge-
nuity have been constiructed for the purposes of
drawing and writing. One of these, invented by
M. Le Droz, the son of the celebrated Droz of
Chaux le Fonds, has been described by Mr. Col.
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lnson. ‘The fipure was the size of life. T{held in
its hand a metallic style, and when a spring was
touched, so as to release a detent, the figure imme-
diately began fo draw upon a card of Dutch velium
previously laid under its hand. After the drawing
was executed on the first card, the figure rested,
Other five cards wore then put in in succession, and
npon these it delineated in the same manner dif-
ferent subjects. Oun the first eard it drew * elegant
poriraits and likenesses of the king and queen facing
each other;” and Mr. Coilinson remarks, that it
was curious to observe with what precision the figure
Tifted up its pencil in its fransition from one point
of the drawing to another without making the
plightest mistake. :

M. Maillardet has executed an auntomatoh which
both writes and draws. The figure of a boy kneel-
ing on one knee holds a pencil in his hand. When
the figure begins to work, an attendant dips the
pexncil in ink, and adjusts the drawing-paper upon
a bravs tablet. Upon touching a spring the figure
proceeds. to write, and when the line is finished
its hand returne to dot and stroke the letters when
necessary. In this manner it executes four beau-
tiful pieces of writing in French and English, and
;,21-% landseapes, ali of which occupy about one

ur. :

One of the most popular pieces ¢f mechanism
which we have seen is the magician constructed by
M. Maillardet far the purpose of answering certain
given questions. A figure, dressed like 2 magician,
appears seated at the bottom of a wall, holding a
wand in one -hand and a book in the other. A
munber of questions ready prepared are inscribed
on oval medailions, and the speotator takes any of
these which he chooses, and to which he wishes an
answer, and having placed it in 2 drawer ready to
receive it, the drawer shuts with a spring till the
answer is returned, The magician then rises from
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his seat, bows his head, describes circles with his
wand, and consulting the book as if in deep thought,
he lifts it towards his face. Having thus appeared
to ponder over the proposed question, he raises his
wand, and striking with it the wall above his head,
two folding-doors fly open, and display an appro-
priate answer to the question. The doors again
close, the magician resumes his original position,
and the drawer opens to return the niedallion.
There are twenty of these medallions, all contain-
ing different questions, to which the magician re-
turns the most suitable and striking answers. The
medallions are thin plates of brass of an elliptical
form, exactly resembling each other. Some of the
medallions have a question inscribed on each side,
both of which the magician answers in succession.
If the drawer is shut without a medallion being put
into it, the magician rises, consults his book, shakes
his head, and resumes his seat. The folding-doors
remain shut, and the drawer is returned empty. If
two medallions are put into the drawer together, an
answer is returned only to the lower one. . When
the machinery is wound up, the movements con-
tinue about an hour, during which time about fifty

uestions may be answered. The inventor stated
that the means by which the different medallions
acted upon the machinery, so as to produce the
proper answers to the questions which they con-
tained, were extremely simple.*

The same ingenious artist has constructed va-
rious other automata, representing insects nd other
animals. One of these was a spider entirely made
of steel, which exhibited all the movements of the
animal. It ran on the surface of a table during
three minutes, and to prevent it from running off,
its course always tended towards the centre of the
table. He constructed likewise a caterpillar, a

* See the Edlnburgh zney‘oh@uxgp.tn Androies, voi. B p 68



258 LETTERE ON NATURAL MAGIC.

lizard, a mouse, and a serpent. The serpent crawla
about in every direction, opens its mouth, hisses,
end darts out its tongue.

Ingenious and beautiful as all these pieces of
mechanism are, and surprising as their effects ap-
pear even to scientific spectators, the principal
object of their inventors was to astonish and aruse
the public. We should form an erroneous judgment,
however, if we supposed that this was the only re-
sult of the ingenuity which they displayed. The

assion for automatic exhibitions which character-
tzed the 18th century, gave rise to the most inge-
nious mechanical devices, and introduced among the
higher orders of artists habits of nice and accurate
execution in the formation of the most delicate
pieces of machinery. The same combination of
the mechanical pnwers which made the spider crawl,
or which waved the tiny rod of the magician, con-
tributed in future years to purposes of higher im-
port. 'Those wheels and pintons, which almost
sluded our senses by their minnteness, reappeared
in the stupendous mechanism of our spinning-ma-
chines and our steam-engines. The elements of
the tumbling puppet were revived in the chronom-
etef, which now conducts our navy through the
ocean ; and the shapeless wheel which direcied the
hand of the drawing automaton has served in the
present age to guide the movements of the tam-
bouring engine. Those mechanical wonders which
in one century enriched only the conjurer who used
them, contributed in another {0 augment the wealth
of the nation; and those automatic toys which once
amused the vulgar are now employed in extending the
fower and promoting the civilization of our species.
In whatever way, indeed, the power of genius may
invent or combine, and to whatever low or even
ladicrous purposes that invention or combination
may be originally applied, society receives a gift
which it can never lowe; and though the value of
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the seed may not be at once recognised, and though
it may lie long unproductive in the ungenial till of
human knowledge, it will some time or other evolve
its germ, and yield to mankind its natural and abun-
dant harvest.

Did the limits of so popular a volume as this
ought to be permit it, I should have proceeded to
give a general description of some of these extra-
ordinary pieces of machinery, the construction and
effects of which never fail to strike the spectator
with surprise. This, however, would lead me into
a field too extensive, and I shall therefore confine
myself to a notice of three very remarkable pieces
of mechanism which are at present very little known
to the general reader, viz. the tambouring machine
of Mr. Duncan, the statue-turning machine of Mr.
lYVatt, and the calculating machinery of Mr. Bab-

e -
The tambouring of muslins, or the art of pro-
ducing upon them ornamental flowers and figures, has
been long known and practised in Britain, as well as
inother countries; but it was not longbefore the year
1790 that it became an object of general manufacture
in the west of Scotland, where it was chiefly carried
on. At firstit was under the direction of foreigners;

but their aid was not long necessary, and it speedily.

extended to such a degree as to occupy either wholly
or partially more than 20,000 females. Many of
these labourers lived in the neighbourhood of Glas-
gow, which was the chief seat of the manufacture;
but others were scattered through every part of
Scotland, and supplied by agents with work and
money. In Glasgow, a tambourer of ordinary skill
conld not in general earn more ‘than five or six
shillings a week by constant application; but to a
labouring artisan, who had several daughters, even
these low wages formed a source of great wealth
At the age.of five years, a child capable of handling
@ needle was devoted to tambouring, even though it
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could not earn more than 2 shilling or two in & wesk ;
snd the consequence of this was, that female children
were taken {rom school, and rendered totally unfit
for any social or domestic duty. The tambouring
population was therefore of the worst kind, and it
must havs been regarded as a biesaing rather than as
a calamity, when the work which they perfornied
was intrusted to regotar machinery.

Mr. John Duncan of Glasgow, the inventor of the
tambouring machinery, was one of those unfortungte
individuals who beaefit their species without bene-
fiting themselves, and whodied in the meridian of life
the victim of poverty and of national ingratitude,
He conceived the idea of bringing into action a great
nimber of needies at the same time, in order to
shorten the process by manual labour, but he at first
was perplexed about the diversificationof the pattern.
This difficulty, however, he soon surmounted by
employing two forces at right angles to each other,
wiich gave kim a new force in the direction of the
diagonal of the paralleiogram, whose sides were
formed by the original forces. His first machine
was very imperfect; but after two yeary' study he
formed a company, at whose expense six improved
machines were put in action, and who secured the
tnveation by z patent. At this lime the ides of
rendering the machine automatic had scarcely oc-
curted to him; but he afterward succeeded in
accomplishing this great object, znd the tambouring
machines were placed under the surveillance of a
steam-engine. Another patent was taken for these
imprevements. The teader who desires to have
a minute account of these improvements, and of
the various parts of the machinery, will be amply
gratified by perusing the inventor's own account
of the machinery in the article ckanv-wore in the
Edinburgh Encyclopedia. At present it wiil be euf-
ficient to state, that the muslizn {0 be tamboured wasn
susponded verticaily in a frame which was capeble of
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‘being moved both in a vertical and a horizontal
direction. Sixty or more needles lying horizontally
ocecupied a frame in front of the muslin web. Each
of these working needles, as they are called, was
attended by a feeding-needle, which, by a circular
motion round the working-needle,lodged upon the
stem of the latter the loop of the thread. The sixty
needles then penetrated the web, and in order that
they might return again without injuring the fabric,
the barb or eye of the needle, which resembled the
barb of a fishing-hook, was shut by a slider. The
muslin web then took a new position by means of the
machinery that gave it its horizontal and vertical
motion, so that the sixty needles penetrated it at
their next movement at another point of the figure
or flower. This operation went on till sixty flowers
were completed. The web was then slightly wound
up, that the needles might be opposite that part of
it on which they were to work another row of
flowers. :

The flowers were generally at an inch distance,
and the rows were placed so that the flowers formed
what are called diamonds. There were seventy-two
rows of flowers in a yard, so that in every square
yard there were nearly 4000 flowers, and in every
[)iece of ten yards long 40,000. The number of
oops or stitches in a flower varied with the pattern,
but on an average there were about thirty. Hence
the number of stitches in a yard were 120,000, and the
number in a piece is 1,200,000. The average work
done in a week by one machine was fifteen yards, or
60,000 flowers, or 1,800,000 stitches; and by com-
paring this with the work done by one person with
the hand it appears that the machine enabled one
person to do the work of twenty-four persons.

One of the most curious and important applica~
tions of machinery to the arts which has been sug-
gested in modern times was made by the late Mr.
Watt, in the construction of a machine for copying
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or reducing statues and sculpture of all kinds. The
art of muitiplying busts and statues, by casts in plas.-
ter of Paris, has been the means of diffusing a know-
ledge of this branch of the fine arts; hut from the
fragile nature of the material, the copies thus pro-
duced were unfit for exposure to the weather, and
therefore ill calculated for ornamenting public build.
ings, or for perpetuating the memaory of public
achievements. A machine, therefure, which is ca.
pable of multiptying the labours of the sculptor in
the durable materials of marble or of brass was a de.
sideratumn of the highest value, and one which could
have been expected only from a genius of the first
order. During many years Mr. Watl carried om
his labours in secret, and he concealed even his in-
tention of constructing such a machine. After he
had mude considerable progress in its esecution,
and had thought of securing bis invention by &
patent, be learned that an ingenious individual in his
own neighbourhood had been long occupied in the
same pursuit; and Mr. Watt informed me that he
had every reason to believe that this gentleman
was entirely ignorant of his labours. A propowal was
then made that the two inventors should combine
their taleats, and secure the privilege by a joint
patent ; buf Mr. Watt had experienced so frejuently
the fatal operation of our patent laws, that he saw
many difficulties in the way of such an arrangement,
and he was unwilling, at his advanced age, to embark
in a project so extensive, and which seemed to
require for ita successful prosecution all the ardour
and ambition of 8 youthful mind. The scheme waa
therefore abandcuied ; and such is the unfortunate
operation of our patent laws, that the circumstance
of two individuals having made the same invention
has prevented both from bringing it to perfection,
and conferring a great practical benefit upon their
species. The machine which Mr, Watt had con-
wtructed had actually executed some excellent pieces
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of work. I have seen in his house at Heathfield
copies of basso-relievos, and complete statues of a
small size; and some of his friends have in their
possession other specimens of its performance.

Of all the machines which have been constructed
in modern times, the calculating machine is doubt~
less the most extraordinary. Pleces of mechanism
for performing particular arithmetical operations
have been long ago constructed, but these bear no
comparison either in ingenuity or. in magnitude to
the grand design conceived and nearly executed by
Mr. Babbage. Great as the power of mechanismn
is known to be, yet we venture to say that many of
the most intelligent of our readers will scarcely
admit it to be possible that astronomical and navi-
gation tables can be accurately computed by ina-
chinery ; that the machine can itself correct the
errors which it may commit; and that the results
of its calculations when absolutely free from error,
can be printed off, without the aid of hunian hands,
or the operation of human intelligence. All this,
however, Mr. Babbage’s machine can do; and as
I have had the advantage of seeing it actually cal-
culate, and of studying its construction with Mr.
Babbage himself, I am able to make the above state-
ment on personal observation. The calculating ma-
chine now constructing under the superintendence
of the inventor has been executed at the expense of
the British government, and is of course their prop-
erty. It consists essentially of two parts—a calcu-
lating part and a printing part, both of which are
necessary to the fulfilment of Mr. Babbage’s views,
for the whole advantage would be lost if the com-
putations made by the machine were copied by hu-
man hands and transferred to types by the common
process. The greater part of the calculating ma-
chinery is already constructed, 2nd exhibits work-
manship of such extraordinary skill and beauty that
nothing approaching to it has been witnessed. In
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order to execute it, particularly those parts of the
apparatus which are dissimilar to any used in ordi-
nary mechanical constructions, tools and machinery
of great expense and complexity have been invented
and constructed; and in many instances contri-
vances of singular ingenuity have been resorted to,
which cannot fail to prove extensively useful in va-
rious branches of the mechanical arts.

The drawings of this machinery, which form a
large part of the work, and on which all the contri-
vance has been bestowed, and all the alterations
made, cover upwards of 400 square feet of surface,
and are executed with extraordinary care and pre-
cision.

In so complex a piece of mechanism, in which
interrupted motions are propagated simuitaneousl
along a great variety of trains of mechanism, it
might have been supposed that obstructions would
arise, or even incompatibilities occur, from the im-
practicability of foreseeing all the possible combi-
nations of the parts; but this doubt has been en~
tirely removed, by the constant employment of a
system of mechanical notation invented by Mr. Bab-
bage, which- places distinctly in view at every in-
stant the progress of motion through ail the parts
of this or any other machine, and by writing down
in tables the times required for all the movements,
this method renders it easy to avoid all risk of two
opposite actions arriving at the same instant at any
part of the engine.

In the printing part of the machine less progress
has been made in the actual execution than in the
calculating part. The cause of this is the' greater
difficulty of its contrivance, not for transferring the
computations from the calculating part to the cop-

r or other plate destined to receive it, but for giv-
ing to the plate itself that number and variety of
movements which the forms adopted in printed ta-
bles may call for in practice. )
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The practical object of the calculating engine is
to compute and print a great variety and extent of
astronomical and navigation tables, which could not
be done without enormous intellectual and manual
labour, and which, even if executed by such labour,
could not be calculated with the requisite accuracy.
Mathematicians, astronomers, and navigators do
not require to be informed of the real value of such
tables; but it may be proper to state, for the informa-
tion of others, that serenteen large folio volumes of
logarithmic tables alone were calculated at an
enormous expense by the French government ; and
that the British government regarded tbese tables
to be of such national value that they proposed to
the French Board of Longitude to print an abridg-
ment of them at the joint expense of the two na-
tions, and offered to advance 5000.. for that purpose.
Besides logarithmic tables, Mr. Babhage’s machine
will calculate tables of the powers and products of
numbers, and all astronomical tables for determin-
ing the positions of the sun, moon, and planets;
and the same mechanical principles have enabled
him to integrate innumerable equations of finite
differences, that is, when the equation of diflerences
is given, he can, by setting an engine, produce at
the end of a given time any distant term which may
be required, or any succession of terms commencing
at a distant point.

Besides the cheapness and celerity with which
this machine will perform its work, the adsolute
accuracy of the printed results deserves espeeial
notice. By peculiar contrivances, any small error.
produced by accidental dust or by any slight inac-
curacy in one of the wheels, is corrected as soon as
it is transmitted to the next, and this is done in
such a mann.. as effectually to prevent any accu-
mulation of small errors from producing an erro-
neous figure in the result.

In order to convey some zidea of this stupendous
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undertaking, we may mention the effects produced
by a amall trial engine constructed by the saventor,
and by which he computed the following table from
the formula x*4z-+41. The figures as they were
calculated by the machine were not exhibited to the
eye ag in sliding rules and similar instrumeuts, but
were actually presented to the eye on two opposite
sides of the machine: the number 383, for example,
appearing in figures before the person employed in

copying.
Table caleulated by a small Trial Engine.

41 131 383 797 1373
43 151 421 853 1447
47 173 461 a1l 1523
- 63 197 583 971 1601

81 223 347 1033 1681
71 251 533 (1097 . 1783
83 281 641 1163 1847 :
97 313 691 1231 1933
113 347 743 1301 2021

While the machine was occupied in calculating
thia table, a friend of the inventor undertook to
write down the numbers as they appeared. In
consequence of the copyist writing quickly, he ra-
ther more than kept pace with the engine, but as
soon as five figures appeared, the machine was at
least equal in speed to the writer. At another
- irial tharty-two numbers of the same table were
calculated in the space of two minutes and thirty-
seconds, am) as these contained eighty-two figures,
the engine produced thirty-three figures every min-
ute, or more than one figure in every two seconds.
Onanother occasion it produced forty-, vur figures per
minute. This rate of computation could be main-
tained for any length of time; and it is probabls
that few writers are ablo to copy with equal apeed
for many hours together.
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Some of that class of individuals who envy all
great men, and deny all great inventions, have igno-
rantly stated that Mr. Babbage's invention is not
new. The same persons, had it suited their purpose,
would have maintained that the invention of spec-
tacles was an amticipation of the telescope; but
even this is more true than the allegation that the
arithmetical machines of Pascal and others were the
types of Mr. Babbage's engine. Theobject of these
machines was entirely different. Their highest
functions were to perform the operations of com-
mon arithmetic. Mr. Babbage's engine, it is true,
can perform these operations also, and can extract
the roots of numbers, and approximate to the roots
of equations, and even. to their impossible roots.
But this is not its object. Its function, in contra-
digtinction to that of all other contrivances for cal-
culating, is to imbody in machinery the method of
differences, which has never before been done: and
the effects which it is capable of producing, and
the works which in the eourse of a few years we
expect to see it execute, will place it at an infinite dis-
tance from all other efforts of mechanical genius.®

* A populer account of thls englue will be bond in Mr. Babl
Interealing voiume On tha Economy of Afanyfaciu: et, just publilz:f.
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LETTER XIL .

Wonders of Chymatetry —Origin, Progress, end Objeets of Alchymy-—Ap
of breathing Fire—Employed by Barchochebes, Bunus, dec.—Nodern
Method —Ary of Walkiitg upon burning Cosle and red-tot Iron, and of
Plunging the Handa o mnehed Lead and boiling Warer—Singuiar Prop-
erty of boiltng Tar —Workmen plunge their Handn in melted Coppor—
YTriul of orden] by Fire-—Aldini'a incombustible Dresses—Evamplos of
their wanderful Power in resisting Flame-~Power ol breathing and eq-
during Ait of high Temperatures—Experiments mede by Sir Joseph
Banka, 8it Charlen Blagdan, and Mr. Chwutry. )

Tae science of chymistry has from its infancy
been pre.eminently the science of wonders. In her
laboratory the alchymist and the magician have
revelled unconirolled, and from her treasures was
forged the sceptre which was so long and so fatallg
wielded over human reason. The changes whic
take place in the bodies immediately around us are
too few in number, and too remote from observation,
to excite much of our notice; but when the sub.
stances gmcured directly from nature, or formed
casually by art, become objects of investigation, they
exhibit in their sitnple or combined actions the niost
extraordinary effects. The phenomena which they
display, and the products which they form, so littls
resemble those with which we are familiar, timat the
mast phlegmatic and the least speculative observer
must have anticipated from them the creation of
new and valuable compounds. It can scarcely,
therefore, be a matter of surprise that minds of the
highest order, and spirits of the lofliest ambition,
should have sought in the transmutations of chym-
fstry for those splendid products which were con.
eeived to be most eonducive 10 human happiness.

The disciple of Mammon grew pale over his eru.
eible in his ardour to convert the baser metals into
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gold: the philosopher pined in secret for the uni-
versal soivent which might develop the elements
of the precious stones, and yield to him the means
of their production; and the philanthropist aspired
after a universal medicine, which might arrest dis-
ease in its course, and prolong indefinitely the life
of man. To us who live under the meridian of
knowledge such expectations must appear as pre-
sumptuous as they were delusive: but when we
consider that gold and silver were actually produced
by chymical processes from the rude ores of lead
and copper; that some of the most refractory
bodies had yielded to the disintegrating and solvent
powers of chymical agents; and that the mercurial
reparations of the Arabian physicians had operated
ike charms in the cure of diseases that had resisted
the feeble medicines of the times, we may find some
apology for the extravagant expectations of the
chymists. )

An object of lofty pursuit, even if it be one of
impossible attainment, is not unworthy of philo-
sophical ambition. Though we cannot scale the
summit of the volcanic cone, we may yet reach its
heaving flanks ; and though we cannot decompose its
loftiest fires, we may yet study the lava which they
have melted and the products which they have sub-
limed. Ia like manuer, though the philosopher’s
stone has not been found, chymistry has derived rich
accessions from its search; though the general
solvent has not been obtained, yet the diamond and
the gems have surrendered to science their adaman-
tine strength; and though the elixir of life has
never been distilled, yet other jnedicines . have
soothed “the ills which flesh is heir to,” and pro-
longed in no slight degree the average term of our
existence.

Thus far the pursuits of the alchymist were hon-
ourable and useful; but when his calling was fol-
Jowed, as it soon was, l?' men prodigal of fortune

: ]
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and of character, science became an instrument of
crime ; secrets unattained were bartered for the gold
of the credulous and the ignorant, and books innu-
meralle were composed to teach these praterded
secrets to the world.  An intellectual reaction, how-
ever, soon took place, and those very princes who
had sought to fill their exhausted freasuries at the
furnace of the chymist were the first to enact laws
against the frauds which they had encouraged, and
to dispel the illusions which had so long deceived
iheir subjects.

But even when the moral atmosphere of Europe
was thus disinfected, chymistry supplied the ma.
gician with his most lucrative wonders, and those who
could no longer delude the public with dreams of
wealth and longevity now sought to amuse and
astonish them by the exhibition of their skill. The
narrow limits of this volume will not permit me to
give even a general view of those extraordin
effects which this popular science can dieplay.
must therefore select from its inexhaustible stores
those topics which are more striking in their results,
and maost popular in their details.

One of the most ancient feats of magic was the
art of breathing flame,—an art which even now
excites the astonislunent of the vulgar. During the
insurrection of the slaves in Sicily in the second
century before Christ, a2 Syrian named Eunus ac-
?uired by his knowledge the rank of their leader.

n order to establish his influence over their minds,
he pretended to possess miraculous power. When
he wished to inspire his followers with courage, be
breathed flames or sparks among them from his
mouth, at the same time that he was rousing them
by his eloquence. St. Jerome informs us that the
Rabbi Barchochebas, who headed the Jews in their
last revolt against Hadrian, made them believe that
he was the Messigh, by vomiting flames from his
mouth; and at z later period, the Emperor Com
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‘stantius was thrown into a state of alarm when Val-

entinian informed him that he had seen one of the
body-guards breathing out fire and flames. We are
not acquainted with the exact methods by which
these effects were produced ; but Florus informs us,
that Eunus filled a perforated nut-shell with sulphur
and fire, and having concealed it in his mouth, he
breathed gently through it while he was speaking.
This art is performed more simply by the modern
juggler. Having rolled together some flax or hemp,
80 as to form a ball the size of & walnut, he sets #
on fire, and allows it to burn till it is nearly con-
sumed: he then rolls round it while burning some
additional flax, and by these means the fire may be
retained in it for & considerable time. At the com-
mencement of his exhibition he introduces the ball
into his mouth, and while he breathes through it the
fire is revived, and a number of burning sparks are
projected from his mouth. " These sparks are toe
feeble to do any harm, provided he inhales the air
through his nostrils.

The kindred art of walking on burning coals or
red-hot iron remounts to the same antiquity. The
priestesses of Diana at Castabala in Cappadocia
were accustomed, according to Strabo, to walk over
burning coals; and at the annual festival, which
was held in the temple of Apollo on Mount Soracte
in Etruria, the Hirpi marched over burning coals,
and on this account they were exempted from mili-
tary service, and received other privileges from
the Roman senate. This power of resisting fire
was ascribed even by Varro to the use of some
liniment with which they anointed the soles of their
feet.

Of the samé character was the art of holding red-
hot iron in the hands or between the teeth, and of

lunging the hands into boiling water or melted
ead. About the close of the seventeenth century,
an Englishman of the name of Richardson rendered
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himsell famous oy chewing burning coals, pourin
melted lead upen his tongue, and swallowing melte
glass, That these effects are produced partly by
deception, and partly by a previous preparatjon of
the parts subjected to the heat, can scarcely admit
of a doubt. The fusible metal composed of mer-
cury, tin, and bismuth, which melts at a low tem-
perature, might easily have been substituted in place
of lead ; and fluids of easy ebullition may have been
used in place of boiling water. A solution of sper-
maceti or sulphuric ether, tinged with alkanet-root,
which becomes solid at 50° of Fahrenheit, and melts
and boils with the heat of the hand, is supposed to
be the substance which ia used at Naples when the
dried blood of $t. Januarius melts spontaneously,
and boils over the veasel which contains it.

But even when the fluid requires a high tempera-
ture to boil, it may have other properties, which
enable us to plunge our hands into it with impunity,
This is the casc wilh boiling tar, which boils at atem-

rature of 220°, even higher than that of water,

r. Davenport informs us, that he saw one of the
workmen in the king's dock-yard at Chatham im-
merse his naked hand in tar of that temperature,
He drew up his coat-sleeves, dipped in his hand and
wrist, bringing out fluid tar, and pouring it off from
his hand as {rom a ladle. The tar remained in com-
plete contact with his skin, and he wiped it off with
tow. Convinced that there was no deception in this
experiment, Mr. Davenport immersed. the entire
length of his (orefinger in the boiling caldron, and
moved it about ' a short time before the heat
became inconvenient. Mr. Davenport ascribes this
singular effect to the slowness wilh which the {ar
communicates its heat, which he conceives to arise
from the abundant volatile vapour which is evolved
“carrying otf rapidly the caloric in a latent state,
and intervening between the tar and the skin, sv as
to prevent the more rapid communication of heat.”
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He conceives also, that when the hand is withdrawn,
and the hot tar adhering to it, the rapidity with which
this vapour is evolved from the surface exposed to
the air cools it immediately. The workmen informed
Mr. Davenport, that if a person put his hand into
the caldron with his glove on, he would be dread-
fully burnt ; but this extraordinary result was not put
to the test of observation.

But though the conjurers with fire may have
availed themselves of these singular properties of
individual bodies, yet the general secret of their art
consisted in rendering the skin of the exposed parts
callous and insensible to heat,—an effect which may
be produced by continually compressing or singeing
them till the skin acquires a horny consistence. A
proof of this opinion is mentioned by Beckmann,
who assures us that in September, 1765, when he
visited the copper works at Awestad, one of the
workmen, bribed by a little money to drink, took
some of the melted copper in his hand, and after
showing it to the company, threw it against a wall.
He then squeezed the fingers of his horny hand
close to each other, held it a few minutes under his
arm-pit to make it perspire, as he said, and taking it
again out, drew it over a ladle filled with melted
copper, sonie of which he skimmed off, and moved
his hand backwards and forwards very quickly It\?'
way of ostentation. During this performance,
Beckmann noticed a smell hke that of singed horn
or leather, though the hand of the workman was not
burned. This callosity of the skin may be effected
by frequently moistening it with dilute sulphuric
acid. Some allege that the juices of certain plants
produce the same effect, while others recommend
the frequent rubbing of the skin -with oil. The
receipt given by Albertus Magnus for this purpose
was of a different-nature. It consisted of a non-
conducting calcareous paste, which was made to ad-
here to the skin by the sap of the marsh-mallow,
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the slimy seeds of the flea-bane, and the white of
an egyg.

As the ancients were acquainted with the incom-
bustibility of asbestos or amianthus, and the art of
weaving it into cloth, it is highly probable that it
was employed in the performance of some of their
miracles, and it is equally probable that it was sub-
sequently used, along with some of the processee
already described, in enabling the victims of super-
stition to undergo without hazard the trial of ordeal
by fire. In every country where this barbarous
usage prevailed, whether in the sanctuary of the
Christian idolater, or in the pagan temple of the
Bramin, or under the wild orgies of the African
savage, Providence seems to have provided the
means of meeting it with impunity. In Catholie
countries this exculpatory judgment was granted
chiefly to persons in weak health, who were inca-
pable of using arms, and particularly to monks and
ecclesiastics, who could not avail themselves of the
trial by single combat. The fire ordeal was con-
ducted in the church under the inspection of the
clergy : mass was at the same time celebrated, and
the iron and the victims were consecrated by the
sprinkling of holy water. The preparatory steps
were also under the direction of the priests. It was
necessary that the accused should be placed three
daysandthree nights under their care, both before and
after the trial. Under the pretence of preventing the
defendant from preparing his hands by art,and in order
to ascertain the result of the ordeal, his hands were
covered up and sealed during the three days which
ﬁreceded and followed the fiery application; and it

as been plausibly conjectured by Beckmann, that
during the first three days the preventive was
applied to those whom they wished to acquit, and
that the last three days were requisite to bring back
the hands to their natural condition. In these and
other cases, the accused could not have availed him-
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self directly of the use of asbestos gloves, unless
we could suppose them so made as to imitate the
human skin at a distance; but the fibres of that
mineral may have been imbedded in a paste which
applied itself readily to all the elevations and depres-
sions of the skin.

In our own times the art of defending the hands
and face, and indeed the whole body, from the action
of heated iron and intense fire, has been applied to
the nobler purpose of saving human life, and rescu-
ing property from the flames. The revival and the
improvement of this art we owe to the benevolence
and the ingenuity of the Chevalier Aldini of Milan,
who has travelled through all Europe to present this
valuable gift to his species. Sir H. Davy had long
ago shown that a safety lamp for illuminating mines
containing inflammable air might be constructed of
wire-gauze alone, which prevented the flame within,
however large or intense, from setting fire to the
inflammable air without. This valuable property,
which has been long in practical use, he ascribed to
the conducting and radiating power of the wire-
gauze, which carried off the heat of the flame, and
deprived it of its power. The Chevalier Aldini con-
ceived the idea of applying the same material in
combination with other badly conducting substances,
as a protection against fire. The incombustible
pieces of dress which he uses for the body, arms,
and legs are formed out of strong cloth, which has
been steeped in a solution of alum, while those for
the head, hands, and feet, are made of cloth of as-
bestos or amianthus. The headdress is a large cap,
which envelopes the whole head down to the neck,
having suitable perforations for the eyes, nose, and
mouth. The stocking and cap are single, but the
gloves are made of double amianthus cloth, to en-
able the fireman to take into his hand burning or
red-hot bodies. The piece of ancient asbestos cloth
preserved in the Vatican was formed, we believe, by
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mixing the asbestos with other fibrous substances;
but M. Aldini has executed a piece of nearly the
same size, nine feet five inches long, and five feet
three inches wide, which is much stronger than the
ancient piece, and possesses superior qualities, in
consequence of having been woven without the in~
troduction of any foreign substances. In this manu-
facture the fibres are prevented from breaking by
the action of steam, the cloth is made loose in its
fabric, and the threads are about the fiftieth of ap
inch in diameter.

The metallic dress which is superadded to these
means of defence consists of five principal pieces,
Viz. a casque, Or cap, with a mask large enough to
leave a proper space between it and the asbestos
cap; a cuirass with its brassets; a piece of armour
for the trunk and thighs; a pair of boots of double
wire-gauze ; and an oval shield 5 feet long by 2}
wide, made by stretching the wire-gauze over a
slender frame of iron. All these pieces are made of
iron wire-gauze, having the interval between its
threads the twenty-fifth part of an inch.

In order to prove the efficacy of this apparatus,
and inspire the firemen with confidence in its pro-.
tection, he showed them that a finger first envel-
oped in asbestos, and then in a double case of wire-
gauze, might be held a long time in the flame of a
spirit-lamp or candle before the heat became incon-
venient. A fireman having his hand within a double
asbestos glove, and its palm protected by a piece of
asbestos cloth, seized with impunity a large piece
of red-hot iron, carried it deliberately to the distance
of 150 feet, inflamed straw with it, and brought it
back again to the furnace. On other occasions, the
firemen handled blazing wood and burning sub-
stances, and walked during five minutes upon an
iron grating placed over flaming fagots. .

In order to show how the head, eyes, and lungs
dre protected, the fireman put on.the asbestos and.
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wire-gauze cap, and the cuirass, and held the shield
before his breast. A fire of shavings was then
lighted, and kept burning in a iarge raised chafing-
dish, and the fireman plunged s head into the
middie of the flames with his face to the foel, and
in that position went several times round the chafing-
dish for a period longer than a minute. In z sub-
sequent trial at Paris, a fireman placed his head in
the middie of a large brasier filied with flaming hay
and wood, as in Fig. 72, and resistad the action of

Fig. 72,

the fire during five or six ininutes, and even ten
minutes.

In the experiments which were made at Paris
in presence of a committee of the Academy of
Sciences, two paratlel ro:s of straw and brushwood,

a
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aupported by iron wires, were formed at the dis.
tance of three feet from each other, and extended
thirty feet in length. - When this combustible mase
was set on fire, it was necessary to stand at the dis-
tance of eight or ten yards to avold the heat. The
flames from both the rows seemed to fill up the
whole space between them, and rose to the height
of nine or ten feet, At this moment six firemen,
clothed in the incombustible dresses, and marchin
at a slow pace behind each other, repeatedly pasaeg
through the whole lenglh between the iwo rows
of flame, which were constantly fed with additional
combustibles. One of the firemen carried on hia
back a child eight years old in a wicker basket cov.
ered with metallic gauze, and the child had no other
dress than a cap made of gmianthine cloth.

In February, 1829, 2 still more striking experiment
was made in the yarg of the barracks of St. Gervais.
Two towers were erected two stories high, and
were surrcunded with heaps of inflamed mate.
rials, consisting of fagots and straw. The firemen
braved the danger with impunity. [In cpposition to
the advice of M. Aldini, one of them, with the basket
and child, rushed intc a narrow place, where the
flames were raging eight yards high. The viclence
of the fire was so great that he could not be seen,
while a thick black smoke spread around, throwing
out a2 heat which wids unsupportable by the specta-
tors. The fireman remained so long invisible that
gerious doubts were entertained of his safety, He
at length, however, issued from the fiery gulf unin.
jured, and proud of having succeeded in braving so
great a danger.

It is a remarkable result of these experiments,
that the firemen are able to breathe without diff.
culty in the middle of the flames. This effect in
owiag, not only to the heat being intercepted by the
wire-gauze as It passes to the lungs, in consequence
of which its temperature becomes supportabie, but

¥
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also to the singular power which the body possesses
of resisting great heats, and of breathing air of high
temperatures. :

A series of curious experiments were made on
this subject by M. Tillet, in France, and by Dr. For-
dyce and Sir Charles Blagden, in England. Sir Jo-
seph Banks, Dr. Solander, and Sir Charles Blagden
entered a room in which the air had a temperature
of 198° Fahr., and remained ten minutes ; but as tho
thermometer sank very rapidly, they resolved to enter
the room singly. Dr. Solander went in alone, and
found the heat 210°, and Sir Joseph entered when
the heat was 211°. Though exposed to such an
elevated temperature, their bodies preserved their
natural degree of heat. Whenever they breathed
upon a thermometer it sank several degrees; every
expiration, particularly if strongly made, gave a
pleasant impression of coolness to their nostrils, and
their cold breath cooled their fingers whenever it
reached them. On touching his side, Sir Charles
Blagden found it cold like a corpse, and yet the heat
of his body under his tongue was 98°. Hence they
concluded that the human body possesses the power
of destroying a certain degree of heat when com-
municated with a certain degree of quickness. This
power, however, varies greatly in different media.
The same person who experienced no inconve-
nience from air heated to 211° could just bear recti-
fied spirits of wine at 130°, cooling oil at 129°, cool-
ing water at 123°, and cooling quicksilver at 117°.
A familiar instance of this occurred in the heated
room. All the pieces of metal there, even their
watch-chains, felt so hot, that they could scarcely
bear to touch them for a moment, while the air
from which the metal had derived all its heat was
only unpleasant. MM. Duhamel and Tillet ob-
served at Rochefoucault in France, that the girls who
were accustomed to attend ovens ina bakehouse were
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c?pablg of enduring for ten minutes a temperature
of 270°.

The same gentlemen who performed the experi-
ments above described ventured to expose them
selves to still higher temperatures. Sir Charles
Blagden went into a room where the heat was 1° or
2° above 260°, and remained eight minutes in this
situation, frequently walking about to all the dif-
ferent parts of the room, but standing still most of
the time in the coolest spot, where the heat was
above 240°. 'The air, though very hot, gave no pain,
and Sir Charles and all the other gentlemen were
of opinion that they could support a much greater
heat. During seven minutes, Sir C. Blagden’s
breathing continued perfectlﬁ good, but after that
time he felt an oppression in his lungs, with a sense
of anxiety, which induced him to leave the room.
His pulse was then 144, double its ordinary quick-
ness. In order to prove that there was no mistake
respecting the degree of heat indicated by the ther-
mometer, and that the air which they breathed was
capable of producing all the well-known - effects of
" such a heat on inanimate matter, they placed some
eges and a beef-steak upon a tin frame near the
thermometer, but more distant from the furnace
than from the wall of the room. In the space of
twenty minutes the eggs were roasted quite hard,
and in forty-seven minutes the steak was not onl
dressed, but almost dry. Another beef-steak, simi-
larly placed, was rather overdone in thirty-three
minutes. In the evening, when the heat was still
more elevated, a third beef-steak was laid in the
same place, and as they had noticed that the effect
of the hot air was greatly increased by putting it in
motion, they blew upon the steak with a pair of
bellows, and thus hastened the dressing of it to such
a degree, that the greatest portion of it was found
to be pretty well done in thirteen minutes,
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Our distinguished countryman Mr. Chantry has
verz recently exposed himsell to a tempersture still
higher than any which we have mentioned. The
furnace which he emplo?'a for drying his moulds is
about 14 feet long, 12 feet high, and 12 feet broad.
When it is raised to its highest temperature, with
the doors closed, the thermometer stands at 3509,
and the jron floer is red-hot. The workmen often
enter it at a temperature of 340°, walking over the
iron fioor with wooden clogs, which are of course
charred on the surface. On one occasion Mr.
Chantry, accompanied by five or six of his friends,
entered the furnece, and, after remaining two min-
utes, they brought out a thermometer which stood
at 320°.  Some of the party experienced sharp pzina
in the lips of their ears, znd in the septum of the
nose, while others felt a pain in their eyes.

LETTER XIII.

Meoutuneons Combnation @ in the Absorption af Alr by powdered Chare
coui, gnd of Hydrogen by apengy Platinom— Dubeteiner’s Lamp--
Bp Combustinn in the Buweia of Lhe Earth— Burning Chiffa

Burning 8oil—Combnelion without Flane— Sponianeaus Conthum
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Coanw decribad—Conclusion.

Apone the wonderfu] phenomena which chymistry
presents to us, there are (ew more remarkable than
those of spontanecus combustion, in which bodies
both animate and inanimate emit flames, and are
sometimes entirely consumed by internal fire. One
of the commonest experiments in chymistry is that

Az2
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of producing inflammation by mixing two finids per-
foctly cold. Becker, we believe, was the firat per~
son who discovered that this singular effect was
produced by mixing oil of vitriol with oil of turpen-
tine. Borrichioa showed that agquafortis produeced
the same effect as oil of vitriol. Tournefort proved
that spirit of nitre and oil of sassafras took fire
when mized; and Homberg discovered that the
same property was possessed by many volatile oila
when mixed with spirit of nitre.

Every person is familiar with the phenomena of
heat and combustion produced by fermentation.
Ricks of hay and stacks of corn have been fre-

uently consumed by the heat generated during the
?ermentation produced from moisture; and gun-
powder magazines, barns, and paper-mills have been
often burnt by the fermentation of the materials
which they contained. Galen informs us that the
dung of a pigeon is sufficient to set fire to a house,
and he assures us that he has often seen it take fire
when it had become rotten. Casati likewise re.
lates, on good authority, that the fire which consured
the great church of Pisa was occasioned by the
dung of pigeons that had for centuries built their
nesis under its roof.

Among the substances suhject to spontaneous
combustion, pulverized or finely powdered charcoal
is one of the most remarkable. During the last thirty
years no fewer than four cases of the spontaneous
mflammation of powdered charcoal have taken place
in France. When charcoal i# triturated in tuns with
bronze bruisers, it is reduced into the state of the
finest powdar. In this condition it has the appear-
ance of ap unctuous fluid, and it occupies a space
three times less than it does in rods of about six
inches long. In this state of extreme division
gbgorbe air much more readily than it does when in
rods. This absorption, which is 50 slow as 10 re.
quire several daye for its completion, is accompanied
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with a dige ement of heat, which nses from 3407
1o 360° nearly of Fahrenheit, and which is the true
cause of the spontspeous inflammation. The in-
flammation commences near the centre of the mass,
at the depth of five or six inches beneath its surface,
and at this spot the temperature is always higher
than at any other. Black charcoal strongly distilled
heats and inflames more easily than the orange, or
that which is little distilled, or than the charcoal
made in boilers. The most inflammable charcoal
must have a mase of at least 661bs. avoirdupois, in
order that it may be susceptible of spontaneous in-
flammation. With the other less inflammable va-
rieties the inflammation takes place only in larger
tmagses.

The inflammation of powdered charcoal is more
active in proportion to the shortness of the interval
between its carbonization and trituration. The free
admission of air to the surface of the charcoal is
also indispensable to its spontaneous combustion.

Colonel Auvbert, to whom we owe these interest-
ing results, likewise found that when sulphur and
:;ftperre are added to the charcoal it loses its power
of inflaming spontaneounsly. But as there is still an
absorption of air and a generation of heat, he is
of opinjon that it would not be prudent to leave
thesa taixtures io too large masses after tritura-
tion.

A species of spontaneous combustion, perfectly
analogous to that now described, but Eroduced almost
instantaneously, was discovered by Professor Dobe-
reiner of Jena in 1824. He found that when a jet
of hydrogen gas was thrown upon recently prepared
spongy platinum, the metal became almost instantly
red-hot, and set fire to the gas. In this case the
minutely divided platinum acted upon the hydrogen
gus in the same manner as the minutely divided

* o Edinburgh Jourtul of Beisnes, New Baries, No. viii. p 54
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charcoal acted wpon commeon air. Heat and com-
bustion were produced by the absorption of both
gases, though 1n the ope case the effect was instan-
taneous, and in the other was the result of a pro-
louged abeorption.

This beautifu]l property of spongy platinum was
hspgily applied {o the construction of lamps for
producing an instantaneous light. The form given
to the lamp by Mr. Garden of London is showp
in the annexed figure, where AB i3 a globe of

Fig. 73.

glyus, fitting tightly into another glass globe CD
a ground shoulder mn. The globe AB termi.
pstes in 2 hollow tapering neck mnep, on the ‘ower
end of which is placed & small cylinder of zinc op.
A brass tube ade i) fitted at @ into the neck of the
globe CD, end through this tube, which is fumished
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with a stop-cock 4, the gas can escape at the small
zperture ¢. A brass pin ¢f, ca:rz'ing a brass box P,
is made to slide through & bole 4, so that the brass
box P, in which the ?ongy platinum is placed, can
be set at any required distance from the aperture c.
If suiphuric acid diluted with an equal quantity of
water is now poured into the vessel AB by its
mouth at §, now closed with a stopper, the fluid will
descend through the tube mrop, and if the cock d
is shut, it will compress the air contained in CD.
The dilute acid thus introduced into CD will act
opon the ring of zine op, and generate throgen
gas; which, after the atmospheric air in CD is let
off, will gradually fill the vessel CD, the diluted acid
being forced up the tube opmn into the glasa globe
AB. The ring of zinc op floals on a piece of cork,
80 that when CD is full of hydrogen, the diluted
acid does not touch the zinc, and consequently ia
prevented from producing any more gas. The in-
stant, however, that any gas is let off 2t ¢, the pres.
sure of the fluid in the globe AB, and tube mnop,
overcomes the elasticity of the remaining gas n
CD, and forces the diluted acid up to the zinc op, g0
as to enable it to produce more gas fo supply what
has been used.

The lamp being supplied with hydrogen in the
meanner now described, it is used in the following
manner: The epongy platinum in P being brought
near ¢, the cock ¢ is tumed, and the gas is thrown
upon the platinum. An intense heat is immediately

oduced, the platinum becomes red-hot, and the

ydrogen inflammes. A taper is then lighted at the
flame, and the cock d is shut. Professor Cumming
of Cambridge found it necessary to cover up the
pistinum with a cap after every experiment. This
nious chymist likewise found, that with platinum

foil the 9000th part of &n inch thick kept in a close
tabe, the hydrogen was inflamed; but when the
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foil was only the 8000th of an inch thick, it was
necessary to raise it previnusly to a red heat.

Spontaneous combustion is a phenomenon which
occurs very frequently aud often to a great extent
within the bowels of the earth. The heat by which
it 18 occasioned is produced by the decomposition
of mineral bodies, and other causes. This heat in-
creases in intensity till it ia capable of melting the
solid materials whick are exposed to it, Gases and
aqueous vapours of powerful elasticity are generated,
new fluids of expansive eneryy imprisoned in cavi-
ties under great pressure are set (ree, and these
tremendous agents, acting under the represaing
forces of the superincumbent strata, exhibit their
power in desolating earthguakes; or, forcing their
way through the superficial crust of the globe, they
waste their fury in voleanic eruptions.

When the phenomena of spontanecus combustion
take place near the surface of the earth their effects
are of a less dangerous character, though they fre-
quently give birth to permanent conflagralions,
which no power can extinguish. An example of
thia milder species of apontaneous combustion ham
bueen recently exhibited in the burning cliff at Wey-
mouth ; and a still more interesting one exists at
this moment near the village of Bradley, in Stafford.
shire. The earth is here on fire, and this fire has
continued for nearly sixty years, and has resiated
every attempt that has been made to extinguish it.
Thia fire, which has reduced many acres of Iand to
& mere calx, arises {rom a2 burning stratum of coal
sbout four teet thick and eight or ten yards deep,
to which the air has free access, in consequence of
the main coal having been dug from beneath i, The
surface of the ground is sometimes covered for
many yards with such quantities of sulphur that it
c&i be easily gathered. The calx has been found to
be an excellent material for the roads, and the work.
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men who collect it often find large beds of alum of
an excellent quality.

A singular species of invisible combustion, or of
combustion without flame, has been frequently no-
ticed. I have observed this phenomenon in the
small green wax tapers in common use. When the
flame i1s blown out, the wick will continue red-hot
for many hours; and if the taper were regularly and
carefully uncoiled, and the room kept free from
currents of air, the wick would burn on in this way
till the whole of the taper is consumed. The same
effects are not produced when the colour of the
wax is red. In this experiment the wick, after the
flame is blown out, has sufficient heat to convert -
the wax into vapour, and this vapour, being consumed
without flame, keeps the wick at its red heat. A
very disagreeable vapour is produced during this
imperfect combustion of the wax.

Prof. Dobereiner of Jena observed that when the
alcohol in a spirit-of-wine lamp was nearly ex-
hausted, the wick became carbonized, and though
the flame disappeared the carbonized part of the
wick became red-hot, and continued so while a
drop of alcohol remained, and provided the air in the
room was undisturbed. On one occasion the wick
continued red-hot for twenty-four hours, and a very
disagreeable acid vapour was formed.

On these principles depend the lamp without flame,
which was originally constructed by Mr. Ellis. 1t
is shown in the annexed figure, where AB is the
lamp, and A a cylindrical coil of platinum wire, the
hundredth part of an inch in diameter. This spiral
is so placed that four or five of the twelve coils of
which the cylinder consists are upon the wick, and
the other seven or eight above it. If the lamp is
lighted, and continues burning till the cylindrical
coil is red-hot, then if the flame is blown out, the
vapour which arises from the alcohol will by its
combustion keep the ooils above the wick red-hot,
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and this red hest will in its turn keep up the vapor-
ization of the alechol till the whole of the aicohol
is copsumed. The heat of the wire is always suf-

ficient to kindle 2 piecs of German fungus or salt-
petre paper, ac that a sulphur maich may at any
time be lighted. Mr. Gill found that a wick com.
posed of twelve threads of the cotten yarn com-
monly used for lamps will require half an ounce of
aicohol to keep the wire red-hot for eight houra,
This lamp has been kept burning for sixiy hours ;
but it can searcely be recommended for 2 bed-room,
as an acid vapour is disengaged during the burming
of the alcohcl. When perfumes are dissoived im
the aicohol, they are diffused through the apart-
ment during the slow combustion of the vapour.

A species of combuostion without fiame, and anal-
ogous to that which has been described, is exhibited
in the extraordinary phenomenon of the spontaneous
coinbustion of living bodies. That animal bodies
are liable t¢ internal combustion is a fact which
was well known to the ancients. Many casea which
have been adduced aa examples of spontaneous com-
bustion are merely cases of individuals who were
highly susceptible of strong electrical excitation.
In one of these cases, however, Peter Bovisteau
asserts, that the sparks of fire thus produced reduced
tc ashes the hair of a you.nf man ; and Joho De
Vizna informs us, that the wife of Dr. Freilas, phy-
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sician to the Cardinal de Royas, Archbishop of
Toledo, emitted by perspiration an inflammable mat-
ter of such a nature, that when the riband which she
wore over her shift was taken from her, and exposed
to the cold air, it instantly took fire, and shot forth like
grains of gunpowder. Peter Borelli has recorded a
fact of the very same kind respecting a peasant
whose linen took fire, whether it was laid up ina
box when wet, or hung up in the open air. The
same author speaks of a woman who, when at the
point of death, vomited flames; and Thomas Bar-
tholin mentions this phenomenon as having often
happened to persons who were great drinkers of
wine or brandy. Ezekiel de Castro mentions the
singular case of Alexandrinus Megeteus, a physician,
from one of ‘whose vertebrz there issued a fire which
scorched the eyes of the beholders; and Krantzius
relates, that during the wars of Godfrey of Boulogne,
certain people of the territory of Nivers were burn-
ing with_invisible fire, and that some of them cut
oft a foot or a hand where the burning began, in
order to arrest the calamity. Nor have these effects
been confined to man. In the time of the Roman
consuls Gracchus and Juventius, a flame is said to
have issued from the mouth of a bull without doing
any injury to the animal.

The reader will judge of the degree of credit which
may belong to these narrations when he examines
the effects of a similar kind which have taken place
in less fabulous ages, and nearer our own times.
John Henry Cohausen informs us, that a Polish
gentleman in the time of.the Queen Bona Sforza,
having drunk two dishes of a liquor called brandy-
wine, vomited flames, and was burned by them; and
Thomas Bartholin* thus describes a similar accident:
¢ A poor woman at Paris used to drink spirit of wine
plentifully for the space of three years, so as to take

* Asta Medica et mloéogﬁc. Hafniensta, 1673.
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nothing else. Her body contracted such a combus.
tible disposition, that one night, when she lay down
on a atraw couch, she was all burned to ashes except
her scuil and the extremities of her fingers.” John
Christ. Sturmius informs us in the German Epheme-

rides, that in the northern countries of Europe flames-

olten evaporate from the stomachs of those who are
addicted to the drinking of strong liquors; and he
adds, ** that seventeen years before, three noblemen
of Courland drank by emulation strong liquors, and
two of them died scorched and suffocated by 2 lame
which issued from their stemach.”

One of the most remarkable cases of spontane-
ous combustion is that of the Countess Cornelia
Zangari and Bandi of Cesena, which has beea min.
utely described by the Reverend Joseph Bianchini,
s prebend in the city of Yerona. This lady, whe
was in the sixty-second year of her age, retired to
bed in her usual health. Here she spent ahove
three hours in familiar conversation with her maid
&nd in saying her prayers; and having at last fallen
asleep, the door of her chamber was shut. As her
maid was not summoned at the usual hour, she
went into the bed.rogm to wake her mistress; but
receiving no answer, she opened the window, and
saw her corpse on the floor in the most dreadful
condition. At the distance of four feet f{rom the
bed there was a heap of ashes. Her legs, with
the stockings on, remained untouched, and the
head, half-burned, lay between them. Nearly all
the rest of the body was reduced to ashes. The
air in the room was charged with floating soot. A
small oil lamp on the floor was covered with ashes,
but had ne oil init; and in two candlesticks, which
stood wpright upon 2 table, the cotton wick of both
the candles was left, and the tallow of both had
disaipeared. The bed was not injured, and the
blankets and sheets were raised on one ajde, a8 if a
person had risen up from it. From an examination

. ——
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of all the eircumstances of this case, it has been
generally supposed that an internal cotmbustion had
taken place; that the lady had -xisen from her bed
to cool herself,and that in her way to open the
window, the combustion had overpowered her, and
consumed her body by a process in which no flame
was produced which could set fire to the furniture
or the floor. The Marquis Scipic Maffei was in-
formed by an Iialian nobleman who passed through
Cesena a few days after this event, that he heard it
stated in that town, that the Countess Zangari was
in the habit, when she felt herself indisposed, of
washing all her body with camphorated spirit of
wine.

Bo recently as 1744 a similar example of "sponta-
necus combustion oceurred in our own country at
Ipawich. A fisherman’s wife of the name of Grace
Pett, of the parish of 8t. Clement’s, had been in the
habit for several years of going down stairs every
night after she was half-undressed to smoke a pipe.
She did this on the evening of the 5th of April, 1744.
Her daughter, who lay in the same bed with her,
had fallen asleep, and did not miss her mother till
she awaked early in the morning, Upon dress-
ing herself, and going down stairs, she found her
mother's body lying on the right side, with her head
against the grate, and extended over the hearth
with her legs on the deal floor, and appearing like a
block of wood burning with a glowing fire without
flame. Upon quenching the fire with two bowls of
water, the neighbours, whom the cries of the daughter
had brought in, were almost stifled with the smell,
The trunk of the unfortunate woman was almost
burned to ashes, and appeared like a heap of char.
coal covered with white ashes. The head, arms,
legs, and thighs were also much burmed. There
was no fire whatever in the grate, and the candle
was burned out in the socket of the candlestick,
which stood by her. The clothes of a child on one
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side of her, and a paper screen on the other, were
untouched ; and the deal floor was neither ai nor
discoloured. It wassaid that the woptan had dnmic
plentifully of gin overnight, in welcoming a daughter
who had recently returned {rom Gibraltar. )

Among the phenomena of the natural world which
are related to those of spontaneous combusiion are
what have been called ihe natural fire tempies of
the Guebres, and the igneous phenomena whkich
&re seen in their vicinity. The ancient sect of the
Guebres or Parsees, distinguished from all other
sects as the worshippers of fire, had their origin in
Persia ; but, being scattered by persecution, they
sought an asylum on the shores of India. Thoae
who refused fo expatriaie themselves continued to
inhabit the shores of the Caspian Sea, and the cities
of Ispahan, Yezd, and Kerman. Their great fire
temnpie called Attush Kudda stands in the vicinity
of Badku, one of the largest and most commodious

ris in the Caspisn. In the neighbourhood of thia
own the earth 1s impregnated with naphtha, an in-
flammable mineral oil, and the inhabitanis have no
other fuel, and no other light, but what is derived
from this substance.

The remains of the ancient fire lemples of the
Geubres are still visible about ten miles $o the north-
east of the town. The temple in which the deity
is worshipped under the form of fire is 2 space
about thirty yards square, surrounded with a iow
wall, and containing many apartments. Ir eachof
these a4 small volcano of sulphureous fire issues
from the ground, through a furnace or funnel in
the shape of a Hindoo altar. On closing the funnel
the fire is instantly extinguished; and by placing
the ear at the aperture a hollow sound is heard, ac-
companied with a strong current of colé air, which
may be lighted at pleasure by holding to it any
burning substance. The flame is of a pale clear
colour, withoul any perceptible smoke, and emits &



FIRE TEMPLES OF THE GUERBRES. 203

highly sulphureous vapour, which impedes respira-
tion, unless when the mouth is kept beneath the
level of the fumace. This action on the lungs
gives the Guebres a wan and emaciated appear-
ance, and oppresses them with a hectic cough, which
strangers agso feel while breathing this insalubrious
atmosphere.

For about iwo miles in circumference round the
principal fire, the whole ground, when scraped to
the depth of two or three inches, has the singular
property of being inflamed by a buming coal. In
this case, however, it does not communicate fire to
the adjacent ground : but if the earth is dug up with
a ¢, and a torch brought near it, an extensive
but instantaneous conflagration takes place, in which
houses have often been destroyed, and the lives of
the people exposed to imminent danger.

When the aky is clear and the weather gerens,
the eprings in their ebullition do not rise higher
than two or three feet ; but in gloomy weather, and
during the prevalence of stormy clouds, the springs
are io a state of the greatest ebullition, and the
naphtha, which often takes fire spontaneously at the
earth’s surface, flows burning in great guantities to
the gea, which is frequently covered with it, in a
state of flame, ta the distance of several leagues from
the shore.

Besides the fires in the temple, there ia a large
one which springs from & natural cliff in an opep
situation, and which continually burns. The general
space in which this voleanic fire is most abundant
is somewhat less thaa a mile in circuit. It forms a
low flat hill sloping to the sea, the soil of which is &
sandy earth mixed with stones. Mr. Forster did
not observe any violent eruption of flame in the
comtry around the Attush Kudda; but Kinneir in-
forms us that the whole country round Badku has at
tirmes the appearance of being enveloped in flames.
[t often seema,” he aﬁi%s, “an if the fire rolled

2
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lown from the mountains in large masses, and with’
incredible velocity ; and during the clear moonshine
nighta of November and December, a bright blue
light is observed at times to cover the whole westorn
range. The fire does not consume, and if a person
finds himself in the middle of it no warmth is felt.”

The iphabitants apply these naturzl fires to do-
mestic purposes, by sinking a hollow cane, or merely
a tube of paper, about two inches in the ground, and
by blowing upon a burning coal held near the orifice
of the tube there issues a slight fAame, which
neither burns the cane nor the paper. By means
of these canes or paper tubes, from which the fire
issues, the inhabitants boil the water in their coffee
urns, and even cook different articles of food. The
flame is put out by merely plugging up the orifice.
The same tubes are employed for ilaminating houses
that are not paved. The smell .of naphtha is of
course diffuged through the house, but afler any
person is accustomed to it, it ceases to be disagree-
able, ‘The inhabitants also employ this natural fire
in calcining lime. The quantity of naphtha pro-
cured in the plain to the south-east of Badku is
enormons. It is drawn from wells, some of which
yield from 1000 to 1500lbs. per day. As soon a8
these wells are emplied, they fill agzin till the naph-
tha rises to its original level.*

Inflammable pases issuing from the earth have
been used both in the old and in the new world for
domestic purposes. .In the salt mine of Gottesgabe
at Rheims, in the county of Fecklenburg, there is a
Pit called the Pit of the Wind, from which a constant
current of inflammable gas has issued for sixty
years, M. Roeder, the inspector of the mines, has
used thig gas for two years, not only as a light, but
for all the purposes of domestic economy. In the
pits which are not worked, he collects the ges, and

* et Forster's Travels, and Blnneir's Geog. Mamale
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eonveys it in tubes to his house. It burns with a
white and brilliant flame, bas a density of about 0.66,
and contains traces of carbonic acid gas and sul-
phuretted hydrogen.®

Near the villa%e of Fredonia, in North America,
on the shores of Lake Erie, are a number of burn-
ing springs, as they are called. The inflammable
gas which issues from these springs is conveyed in
pipes to the village, which is actually lighted by
them.$

In the year 1828, & copious spring of inflammable
gas was discovered in Scotland in the bed of a rivu-
let which crosses the north rozd between Glaspow
and Edinburgh, a little to the east of the seventh
mile-sténe from Glasgow, and only a few hundred
yards from the house of Bedlay. The gas issaid to
1ssue for more than half a mile along the banks of
the rivulet. Dr. Themson, who has analyzed the
gas, aw it issuing only within a space about fifty
yards in length, and sbout half a8 much i breadth.
¥The emission of wes visible in a good many
places along the declivity to the rivalet in the imme-
diate neighbourhood of a small farm.house. The
farmer had set the gas on fire in one place about a
vard aguare, out of which a great many small jets
were issuing. It had burnt without interruption
during five weeks, and the soil {which was clay}
had zssumed the appearance of pounded brick all
arcund.

“The flame was yellow and strong, end resembled
perfectly the appearance which cerbureticd hydrogen
pgas or fire-damp presents when burnt in dayiig%'lt.
But the preatest issue of gas was in the rivalet itself,
distant about twenty yards from the place where
the gas was burning. The rivulel when 1 visited
the place was swollen and muddy, so as to prevent
its bottom from being seen. But the gas issued up

* Bdinborgh Jourasl of Beictcs, No. uy. p. 168, LLTY
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through it in one place with great violence, an if it
had been in a state of compression under the sur-
face of the earth; and the thicknesa of the jet could
not be less than two or three inches in diameter.
Wa set the gas on fire asz it iseued through the
water. It burnt for some time with a good deal of
splendour ; but as the rivulet was swollen, and rush-
ing along with great impetuosity, the regularity of
the issue was necessarily disturbed, and the gas was
extinguished.” Dr. Thomson found this gas to con-
sist of {we volumes of hydrogen gas and one volume
of vapour of carbon; and as its specific gravity was
0.555, and as it iseues in great abundance, he re-
marks that it might be used for filling air-balloons,
“Were we assured,” he adds, * that it would con-
tinue to issue in as great abundance as at present,
it might be employed in lighting the streets of
Glasgow."*

A very curious natural phenomenon, called the
Lantern or Nafyral Lighthouse of Maracaibo, has
been witnessed in South America. A bright light is
soen every night on a mountainous and uninhabited
spot on the banks of the river Catatumbo, near ite
junction with the Sulia. It is easily distinguished
at ¢ greater distance than forty leagues, and as it is
nearly in the meridian of the opening of the Lake
of Maracaibo, navigators are guided by it as by a
lighthouse. This phenomenon is not. only seen
from the seacoast, but also {from the interior of the
country,—at Merida, for example, where M. Palacios
observed it for two years. Some persons have Bs-
cribed this remarkahle phenomenon to a thunder-
storm, or to electrical explosions, which might take
place daily in a pass in the mountains; and it has
even been asserted that the rolling of thunder is
heard by those who approach the spot. Others
suppose it to be an air volcano, like those on the

* Kdinburgh Journal of Bcience. No. |. New Beries, p. T1-75,
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- Caspian Seéa, and that it is caused by asphaltic soils,
like those of Mena. It is more probable, however,
that it is a sort of carburetted hydrogen, as hydrogen
gas is disengaged from the ground in the same dis-
trict.*

Grand as the chymical operations are which are
going on in the great laboratory of Nature, and
alarming as their effects appear when they are dis-
played in the terrors of the earthquake and the vol-
cano, yet they are not more wonderful to the phi-
losopher than the minute though analogous opera-
tions which are often at work near our own persons,
unseen and unheeded. It is not merely in the
bowels of the earth that highly expansive elements
are imprisoned and restrained, and occasionally
called into tremendous action by the excitation of
heat .and other causes. Fluids and vapours of a
similar character exist in the very gems and precious
stones which science has contributed to luxury and
to the arts.

In examining with the microscope the structure
of mineral bodies, I discovered in the interior of
many of the gems thousands of cavities of various
forms and sizes. Some had the shape of hollow
and regularly formed crystals; others possessed the
most irregular outline, and consisted of many cavi-
ties and branches united without order, but all com-
municating with each other. These cavities some-
times occurred singly, but most frequently in groups,
forming strata of cavities at one time perfectly flat
and at another time curved. Several such strata
were often found in the same specimen, sometimes
parallel to each other, at other times inclined, and
forming all varieties of angles with the faces of the
original crystal.

These cavities, which occurred in sapphire, chryso-
beryl, topaz, beryl, quartz, amethyst, peridot, and other

* Humboldt's Personal Narrative, vol. iv. p. 254, note.
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substances, were sometimes sufficiently large to be -
distinctly seen by the naked eye, but most fre.
quently they were so amall as to reguire a high
maguifying power to be well seen, and often they
were 80 exceadingly minute that the highest mag-
m’fying powers were unable to exhibit their out.

@,

The grester number of these cavities, whether
large or small, contain two new fluids different from
any hitherto known, and possessing remarkable
physical properties. These two fluids are in gen-
eral perfectly transparent and colourless, and they
exist in the same cavity in actual contact, without
mixing together in the slightest degree. One of
them expands t!u‘r!gotimes more than water, and at
a temperature of about 80° of Fahrenheit it expands
80 a8 to fll up the vacuity in the cavity. This will
be understood from the annexed figure, where

Fig. 75,

ABCD js the cavity, mnpo the highly expansible
fluid in which at low temperatores there is alws
:n;acuitycv, liﬁe an ais»lﬁub(llale in commgn fluids,

Am , the second fluid occupyi teansiaa
A and Gn.’ en heat such as thatpﬁtp'irhe hand ia
applied to the specimen, the vacuity V graduaily
¢ontracts in aize, and wholly vanishes at a tempera-
ture of about 80°, as shown in Fig. 76, The fluida
are shaded, as in these two figures, when they are
soen by light reflected from their surfacen,

|
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Fig. 76.

‘When the cavities are large, as in Fig. 77, coma
pared with the quantity of expansible fluid mnpe,
the heat converts the fluid into vapour, an effect

which is shown by the circular cavity V becem-
ing larger and larger till it fills the whole space

mnop. .

%en any of these cavities, whether they are
filled with fluid or with vapour, is allowed to cool,
the vacuity V reappears at a certain temperature.
In the fluid cavities the fluid contracts, and the small
vacuity appears, which grows larger and larger till
it resumes its original size. When the cavities are
me several small vacuities make their appearance

gradually unite into one, though they sometimes
Femain sepatate. In deep eavities 8 very remark-
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able phenomenon accompanies the reappearance of
the vacuity. At the instant that the fluid has ac-
quired the temperature at which it quits the sides
of the cavity, an effervescence or rapid ebullifion
takes place, and the {ransparent cavity is for a mo-
ment opaque, with an infinite number of minute
vacuities, which instantly unite into one, that goes
an enlarging as the temperature diminishes. In the
vapour cavities the vapour is reconverted by the
cold into fluid, and the vacuity V, Fig. 77, graduall
contracts till all the vapour has been precipitated,
It is curious to observe, when a greal number of
cavities are seen at once in the field of the micro-
ssmﬁe, that the vacuities all disappear and reappear
at the same instant.

While ali these changes are geoing on in the ex-

ansible fluid, the other denser fluid at A and C,

ig. 75, T8, remains unchanged either in its form
or magnitude. On this account I experienced con-
siderable difficulty in proving that it was a fluid.
The improbability of two fluids existing in a trans-
parent state in absolute contact, without mixing in
the slightest degree or acting upon each other, in.
duced many persons to whom I showed the phe-
nomenon to consider the lines mn, op, Fig. 75, 76,
as a partition in the cavity, or the spaces Amn,
Cop, either as filled with solid matter, or as corners
into which the expanding fluid would not penetrate.
The regular curvature, however, of the boundary
line mnop, and other facts, rendered these supposi-
tions untenable.

This difficulty was at last entirely removed by
the discovery of a cavity of the form shown in the
annexed figure, where A, B, and C are three por-
tions of the expansibie fluid separated by the inter-
position of the second fluid DEF. The first por-
tion A of the expansible fluid had four vacuities
¥, X, Y, Z, while the othet two portions B, C, had
no vacuity. la order to determine if the vacuities
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of the portions B, C, had passed over to A, I took
an accurate drawing of the appearance at 2 tem.
« perature of 80°, as shown inthe figure, and | watched

g, 18,

the changes which took place in raising the tem.
rature to 83°, The portien A gradually expanded
tsell tiil it filled up all the four vacuities ¥, X, Y,
and Z; but as the vacuities B, C, had no vacuities,
they could expand themselves only by pushing back
the supposed second fluid DEF. This effect actually
tock place. The dense fluid quitted the side of the
cavity at F. The two portions B, C, of the expen-
sible fluid instantly united, and the dense fiuid having
retreated to the limit mnno, its other limit advanced
to pgr, thus proving it to be a real fuid. This ex.
periment, which I have often shown to others, in-
volves one of those rare combinations of circum-
stances which nature sometimes presents to us in
order {o jllustrate her most mysterious operations,
Had the portions B, C, been zccompanied, as is
usual, with their vacuities, the interposed fluid would
have remained imamoveable between the two equal
and opposite expansions; but owing to the aceidentdl
vircumstance of these vacuities having passed over
into the other branch A of the cavity, the fluid yielded
to the difference of the expansive forces between
which it lay, and thus exhibited its fluid character
to the eye. ¢
- . Le
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When we examine these cavities narrowly, we
find that they are actually little laboratories, in

which chymical operations are constantly going on, .

and beantiful optical phenomena continually dis-
playing themselves. Let ABDC, for example, be

the summit of a crystallized cavity in topaz, BS
representing the dense, NN the e sible fluid,
bounded by a circular line abcd, and VV the va-
cuity in the new fluid, bounded by the circle efgk.
If the face ABDC is ﬁlaced under a compound
microscope, 8o that liF t may be reflected at an
angle less than that of total reflection, and if the
observer now looks through the microscope,the tem-
perature of the room being 50°, he will see the second
fivid 88 shining with a very foeble reflected light,
the dense fluid NN with a light perceptibly brighter,
and the vacuity VV with 2 light of considerable
brilliancy. The boundaries abcd, efgh, are marked
by a well defined outline, and also iy the concen-
tric coloured rings of thin plates produced
the extreme thinness of each of the fluids at themr
edges. :

the temperature of the room is raised slowly

‘Ak—.

-
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10 58%, a brown spot will appear at r in the centre
of the vacuity VV. This spot indicates the com-
mencemsant of evaporation from the expapsible Suid
below, and arises from the partiul precipitation of
the vapour in the roof of the cavity. As the heat
increases the brown spot enlarges and becomes
very dark. It is then succeeded by a white spot,
and one or more coloured, rings rise in the centre
of the vacuity. The vapour then seems to forma
drop, and all the rings disappear by retiring to the
centre, but only to reapﬁear with uew lustre.
During the applicetion of heat, the circle of efgh
contracts and dilates like the pupil of the eye.
When the vaporization is 50 feeble an to produce
ornly a single ring of one or two tints of the second
order, they vanish instantly by breathing upon the
crystal, but when the slight heat of the breath
reaches the fluid, it throws off fresh vapour, and the

rings again appear.

If & g:op of ether is put upon the crystal when
the ringa are in a state of rapid play, the cold pro-
duced by its evaporation causes them to disappear,
till the temperature again rises. When the tem-
perature is perfectly uniform, the rinpgs are sta.
tionary, as shown between V and V in Fig. 78; and
‘it is interenting to observe the first ring produced
by the vapour swelling out to meet the first ring at
the marﬂn of the fluid, and sometimes coming so
near it that the darkest parts of both form a broad
black band. As the heat increases, the vacuity VV
diminishes and disappears st 78°, exhibiting many
curious phenomena, which we have not room to
describe,

Having fallen upon a method of opening the cavi-
ties, and looking at the finids, I was able to examine
their properties with more attention. When the
expansible fuid firet rises from the cavity upon the
surface of the topaz, it neither remains still like
the fixed oils, nor disappears like evaporated fluida.
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Under the influence, no doubt, of heat and meisture
it is in a state of constant motion, now spreading
itself on a thin plate over a large surface, and now
contracting itself into a deeper and much less ex-
tended drop. These copiractions snd extensions
are marked by very beautiful opticai phenomens.
When the fluid has stretched itself out inte a thin
plate, it ceasos to reflect light like the thinnest part
of the soap-bubble, and when it is again accumnlated
into a thicker drop, it is covered with the colpured
rings of thin plates. :

After performing these motions, which sownetimes
1ast for ten minutes, the fuid suddenly disappears,
and leaves behind it a sort of granular residge.
When examining this with a singie microscope, it
again started into a Aluid state, ang extended and con-
tracted itsel{ as before. This was owing to the hu-
midity of the hand which held the microscape, and
1 have been able to restore by moisture the fiuidity
of these grains twenty days after they were {ormed
from the fluid. This portion was shown to the Rev-
orand Dr. Fleming, who remarked, that hed he obh-
served it accidentally, he would have gscribed its
apparent vitality to the movements of seme of the
animals of the geaus Plaparia

After the cavity has remained open for a day or
two, the dense fuid comes out and quickly hardens
into a transparent and yellowish resinous-looking
substance, which absurbe moisture, though withless
avidity than the other. It is not volatilized by heat,
and is insoluble in water and salcohol. It remdil
dissolves, however, with effervepcence in the @
phurie, nitric, and muriatic acids. The residue of
the expansible finid is volatilized by heat, and is
dissolved, but withont effervescence, in the above-
mentionsd agids. The refractive power of the dease
fuid is about 1.905, and of the expansible one 1.131.

The particles of the dense fluid have a very pow-
erful attraction for each other and for the minergl
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-which contains them, while those of the expansible

fiuid have a very slight attraction for one another,
-and also for the substance of the mineral. Hence
the two fluids never mix, the dense fluid being at-
tracted to the angles of angular cavities, or Slling
the narrow necks by which two cavities communi-
cate. The expansible fluid, on the other hand, filla
the wide parts of the cavities, and in deep and round
cavities it lies above the dense fluid. -

‘When the dense fluid occupies the necks which
join two cavities, it performs the singular function
of a fluid valve, opening and shutting itself accord-
ing to the expansions or contractions of the other
fluid. The fluid velves thus exhibited in action may
suggest some useful hints to the mechanic and the
philosopher, while they afford ground of curious
apeculation in reference to the functiona of animal
and vegetable bodies.. In the larger organizations
df oxdinary animals, where gravity must in general
overpower, or at least modify, the influence of ca.
pillary attraction, such a mechanism is neither ne-
cessary nor appropriate; but, in the lesser functions
of the same animals, and in almost all the micro-
scopic structures of the lower world, where the force
of gravity is entirely subjected to the more powerful
‘energy of capillary forces, it is extremely probable
-that the mechanism of immiscible fuids and fluid
valves is generally adopted.

In several cavities in minerals 1 have found crys.
tallized .and other bodies, sometimes transparent
_crystals, sometimes - black spicular crystals, and
sometimes black spheres, all of which are moveable
.within the cavity. In some cavities the two new
fluids occur in an indurated state, and others I have
found to be lined with a powdery matter. This last
class of cavities occurred in topaz, and they were
distinguished from all others by the extraordinary
beauty and symmetry of their form. One of these
.cavities represented acﬁnely ornamented sceptre,

c3
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and, what is still more singular, the difftrent parts
of which it is composed lay in different planes.

When the gem which contains the highly expan-
sive fluid is strong, and the cavity notnearthe surface,
heat may be applied to it without danger, but in the
course of my experiments on this sybject, the min-
eral has often burst with a tremendous explosion,
and in one case wounded me on the brow. An ae-
vident of the same kind occurred to a gentleman,
who pat a crystal into his mouth for the purpose of
expanding the Auid. The specimen burst with great
force and cut his mouth, and the fluid which was
discharged from the cavity had a very disagreeable
tasnte.

In the gems which are peculiarly apgropriated for
female ornaments, cavities containing the expansible
fiaid frequently occur, and if these cavities should
happen to be very near the surface or the edge of the
stone, the fever heat of the body might be sufficient
to burst them with an alarming and even dangerous
explosion.. I have never heard of any such accident
having oceurred; but if it bas, ov if it ever shall
occur, and if ite naturally marvellous character shall
be heightened by any calamitous results, the phe-
nomena dedcribed in the preceding pages will strip
it of ita wonder.

There are po facts in chymistry more interesting
than those which relate to the changes of eolour
which are produced by the mixture of fiuids, and to
the cresation of brilliant colours by the combination
of bodies in which no colouring matter is visible,
Feata of this kind are too common and too generally
known to require to be noticed in a work like this,
The art of producing such changes was known to
some of the early impostors, who endeavoured to
obtain a miraculous sanction to their particular dog-
mpal;edMarcos, a;t}m head of one Ugi the sects tha;
wished to engraft paganism upon Christiamty, is sai
to have filled three t'rznqmg?\t glasaey with white
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wine, and while he Emysd, the wine in one of tha
giasses became reqd like blood, that in another becamo
Furple, and that in the third sky.blue. Such trans-
ormations present no dificulty to the chymist.
There are several fluids, such as some of the col.
oured juices of plants, which change their colour
rapidly and without any additienal ingredient; and
in other cases, there would be no difficulty in making
additions to fluids, which should produce a change
of colour at any required instant.

A very remarkable experiment of an analogous
nature has been publicly exhibited in modern times.
Professor Beyruss, who lived at the court of the
Duke of Brunswick, one day pronounced io his
highness that the dress which he wore should durin
dinner becorme red; and the change actually toog
place, to the astonishment of the prince and the rest
of his guests. M. Vopel, who has recorded this cu-
ricus fact, has not divulged ihe secret of the Ger.
man chymist; but he observes, that if we pour
lime-water inte the juice of beet-root, we shali ob-
tain a colouriess Iicluid; and that a piece of white
cloth dipped in this liguid and dried rapidly wiilin &
few hours hecome red by the mere contact of air.
M. VYogel ia also of opinion that this singular effect
would be accelerated in an apartment where cham-
paign or other fluids charged with carbonic acid are
poured out in abundance,

Among the wonders of chymistry we must num-
ber the remarkable effects produced upon the human
frame by the inhaiation of paradise or intozicating gas,
as it has beencalled. This gasis known to chymists
by the name of the nitrous oxide, or the gaseous ox-
ide of azote, or the protoride of nitrogen. It differs
from atmospheric air only in the proportion of its
ingredients, atmospheric air being compossd of
twenty-seven parts of oxygen and sevepty-three of
mitrogen, whils the nitrous oxide consists of thirty-
esven parts of oxygen and sixty-seven of nitrogen.
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The most convenient way of procuring the gas is to
expose nitrate of ammonia in 2 tubulated glass re.
tort to the heat of an argand’s lamp between 400°
and 500° of Fahrenheit. The salt first melts; bub~
bles of gas begin to rise from the mass, and ina
short time a brisk effervescence takes place, which
continues till alt the salt has disappeared. The pro-
ducts of this operation are the nitrous oxide and
water, the watery vapour being condensed in the
neck of the retort, while the gas is received over
water. The gas thus obtained is geperally white,
and hence, when it is to be used for the purposes of
regpiration, it should remain at least an hour over
water, which will absorb the small a%uantity of acid
and of nitrate of ammonia which adhere to it. A
pound of the nitrate of ammonia will in this way
ield five cubic feet of gas £t for the purpose of inka-
tiom.

Tt was discovered by Sir Humphry Davy that this
gas could be safely taken into the lungs, and that it
was ca¥able of supporting respiration for a few min.
utes. In making this experiment he was surprised
to find that it produced a singular apecies of Intox.
ication, which he thus describes : # I breathed,” says
ke, “three quarts of oxide from and into & silk bag
for more than halfl & minute without previously
closing my nose or exhausting my lungs.  The first
ingpiration caused a slight degree of giddiness. This
was succeeded by an uncommon sense of filness
in the head, accompanied with loss of distinct sep-
sation and volunlary power, a feeling analogous to
that produced in the first stage of intoxication, but
unattended by pleasurable sensations.” In de-
scribing the effects of another experiment, he says,
* Having previously closed my nostrils and exhausted
my lungs, | breathed four quaris of nitrous oxide
from and into a silk bag, e first feelings were
similar to those produced in the Jast experiment, but
in less than a minute, the respiration being con.

L
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tinved, they diminished gradually, and were suc-
ceeded by a highly pleasurable thrifling, particularly
inthe chest and the extremities. The objects arommd
me became dazzling, and my hearing more acute,
Towarde the last respiration the thrilling increased,
the aense of muscular power became greater, and at
lest an irvesistible propensity to action was indulged
in. I recollect but indistinctly what followed; 1
knew that my motions were varied and violent.
These effects very rarely ceased after respiration.
In ten minutes I had recovered my patural state of
mind. The thrilling in the extremities continued
longer than the cther sensations. This experiment
was made in the morning ; no languor nor exhaustion
was consequent, my feelings through the day were
as usual, and 1 passed the night in undisturbed
repose.”

B giving an account of ancther experiment with
.this gas, Sir Humphry thus describes his feelings;
* Irmunediately after my retumn from g long journey,
being fatigued, I respired nine quarts of nitrous
oxide, having been precisely thiriy-three days with-
out breathing apy. The feelings were different
from those I had experienced on former experi-
ments. After the first six or seven respirations,
1 gradually began to lose the perception of external
things, and a vivid and intense recollection of some
former experiments passed through my mind, so
that 1 calied out, * What an annoying concatenation
of ideas."”

Another experiment made by the same diatin-
guished chymist was attended by still more remark-
gble results. He was shut upin an zir-tight breath-
ing box, having a capacity of about nine and z half
cl:l%ic feet, and he aliowed himself to be habituated
to the excitement of the gas, which was gradually
introduced. After having vndergone this operation
for an hour and & quarter, during which cighty quarts
of gas were thrown in, he cawe out of the box and
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began to respire twenty quarts of nmmingled nitrous
ox%gg. “ A thrilling,” says he, * extending from the
chest to the extremities, was almost immediately
ﬁroduced. 1 felt u sense of tangible extension,

ighly pleasurable in every kind, my visible im-
ressions weve dazzling, and apparently magnified.
fheard distinctly every sound in the room, and was
perfectly aware of my situation. By deprees, as
the pleasurable sensation increased, I lost all con-
nexion with external things; trains of vivid visible
images rapidly passed through my mind, and were
connected with wards _in such a _manner as to pro-
duce perceptions perfectly novel. I existed in a
warld of newly connected and newly modified
ideas. When I was awakened from this same de-
lirious trance by Dr. Kinglake, who took the bag
from my mouth, indignation and pride were the
first feelings produced by the sight of the persons
about me. My emotions were enthusiastic and
sublime, and for 2 moment I walked round the room,
ferfectly regardless of what was said to me. As

recovered my former state of mind, 1 felt an in-
clination. to communicate the discoveries I had
made during the experiment. I endeavoured to
recall the ideas; they were feeble and indistinet.
One recollection of texma, however, presented itself:
and with the most intense belief and prophetic
manner | exclaimed to Dr. Kinglake, * Nothing ex-
iats but thoughts ; the universe is composed of im-
pressions, ideas, pleasures, and pains.’

These remarkable properties induced several per.
sons to repeat the experiment of breathing this ex-
hilarating medicine. Its effects were, as might
have been expected, various in different individuals;
but its general effect was to produce in the gravest
and most phlegmatic the highest degree of exhilara.
tion and happiness, unaccompanied with langunor or
depression. In some it created an irresistible dis-
position to laugh, and in others a propensity to mus-
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cular exertion. In some it impaired the intellectual
functions, and in several it had no sensible effect,
even when it was breathed in the purest state and
in considerable quantities. It would be an inquiry
of no glight interest to ascertain the influence of
this gas over persons of various bodily tempera-
. ments, and upon minds varying in their intellectual
and moral character.

Although Sir Humphry Davy experienced no un-
pleasant effects from the inhajation of the nitrous
oxide, yet such effects are undoubtedly produced ;
and there js reason to believe that even permanent
changes in the constitution may be induced by the
operation of this remarkable stimulant. Two very
interesting cases of thia kind presented themselves
to Professor Silliman of Yale College, when the
nitrous oxide was administered to some of his
pupils. The students had been in the habit for sev-
eral years of preparing this gas and administering
it to one another, and these two cases were the
only remarkable ones which deserved to be recorded.
We shall describe them in Professor Silliman's own
words :—

“ A gentleman about nineteen years of age, of a
sanguine temperament and cheerful temper, and
in the most perfect health, inhaled the usual guan-
tity of the nitrous oxide when prepared in the ordi-
nary manner. Immediately his feelings were un-
comtnonly elevated, so that, as he expressed it, he
could not refrain {from dancing and shouting. In-
deed, to such a degree was he excited, that %e wis
thrown into a frightful fit of delirium, and his exer-
tions became so violent that alter a while he sank
to the earth exhausted, and there remained, until
having by quiet in some degree recovered his
strength, he again arose ouly to renew the most
convulsive muscular efforts, and the most piercing
gcreams and cries; within a few moments, over-
powered by the intensity of the paroxysm, he again
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fell to the ground apparently senseless, and panting
vehemently. The long continuance and violence
of the affection alarmed his companions, and they
ran for professional assistunce. They were, how-
ever, encouraged by the person to whom they ap-
plied to hope that he would come out of his trance
without injury, but for the space of two hours thesa
symptoms continued ; he was perfectly unconscious
of what he was doing, and was in every respect
like a maniac. He states, however, that his feel-
ings vibrated between perfect happiness and the most
eonsummate misery. Inthecourse of the afternoon,
and after the first violent effects had subsided, he
wus compelled to lie down two or three times, from
excessive fatigue, although he was immediately
aroused upon any one’s entering the room. The
effects remained in a degree for three or four days,
accompanied by a hoarscness, which he attributed
to the exertion made while under the immediate
influence of the gan, This cuse should preduce a
degree of caution, especially in persons of a san-
guine temperament, whom, much more frequently
than others, we have seen painfully and even alarm-
ingly affected.”

The other case described by Professor Sillimnan
was that of a man of mature age, and of a grave
and respectable character. * For nearly two years
previous to his taking the gas his health had been
very delicate, and his mind freguently gloomy and
depressed. This wuas peculiarly the case for a few
days immediately preceding that time, and his gen-
eral state of health was such that he was obliged
alinost entirely to discontinue his studies, and was
ahout to have recourse to medical assistance. In
this state of bodily and mental debility he inspired
about three quarts of nitrous oxide. The conse-
quences were an astonishing invigoration of his
whole gystem, and the most exguisite perceptions
-of delight. These were manifested by an uncoinmen
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disposition for pleasantry and mirth, and by extraors
dinary muscular power. The effects of the gas
were felt without diminution for at least thirty
hours, and in a greater or less degree for more than
a week.

“But the most remarkable effect was that upon
the organs of taste. Antecedently to taking the gas,
he exhibited no peculiar choice in the articles of
food, but immediately subsequent to that event, he
manifested a taste for such things only as were sweet,
and for several days ate nothing but sweet cake. In-
deed, this singular taste was carried to such excess
that he used sugar and molasses, not only upon his bread
and butter and lighter food, but upon his meat and
vegetables. This he continues to do even at the
present time, and although eight weeks have elapsed
since he inspired the gas, he is still found pouring
molasses over beef, fish, poultry, potatoes, cabbage, or
whatever animal or vegetable food is placed before him.

“ His health and spirits since that time have been
wmiformly good, and he attributes the restoration
of his strength and mental energy to the influence of
the nitrous oxide. He is entirely regular in his
mind, and now experiences no uncommon exhilara-
tion, but is habitually cheerful, while before he
was as habitually grave, and even to a degree
gloomy. .

Such is a brief and a general account of the prin-
cipal phenomena of Nature, and the most remark-
able deductions of science, to which the name of Na-
tural Magic has been applied. If those who have
not hitherto sought for instruction and amusement
in the study of the material world shall have found
a portion of either in the preceding pages, they will
not fail to extend their inquiries to other popular de-
partments of science, even if they are less marked
with the attributes of the marvellous. In every
region of space, from thle) infinitely distant recesses
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of the heavens to the “ dark unfatbomed caves of.
ocean,” the Almighty has erected monuments of
miraculous grandeur, which proclaim the power,
the wisdom, and the beneficence of their Author.
The inscriptions which they bear—the handwriting
which shines upon their walls—appeal to the under-
standing and to the affections, and demand the ad-
miration and the gratitude of every rational being.
To remain willingly ignorant of these revelations of
the Divine power is 4 crime next to that of rejecting
therevelation of the Divine will. Knowledge, indeed,
is at once the handmaid and the companion of true
religion. They mutyally adorn and sup[:srt each
other; and beyond the immediate circle of our
secular duties, they are the only objects of rational
ambition. While the calm deductions of reason
regulate the ardour of Christian zeal, the warmth,
of a holy enthusiasm gives a fixed brightness to the
glimmering li§hts of knowledge.

It is one of the darkest spots in the history of
man that these noble gifts have been so seldom com-
bined. In the young mind alone can the two
kindred weeds be effectually sown; and among the
improvements which some of our public institutions
require, we yet hsge to witness a national system
of instruction, in which the volumes of Nature and
of Revelation shall be simultaneously perused.

D. Barwsrea.
Avrceniy, April 2414, 1832,

THR END.

OCT 1% 1018

Fes



Recommendations of the Family Library.

Tax ol jected from highly rewpectable Joenrsale, will
anshle thoss who ars unacquainted with m‘“;mny Library to n:;n am
satimaty of i marite. Numerous cthet netlees, sqoally favonradle, aod
from squally reapociable, might be p d I docmed Y.

~The Famliy Library.—A very Ment, ang siways ning Mie
enllany."— Ednburgh Reviar, No. 103.

“ The Family Libvary.—We think this ssries of bookw sntited o the
axiensive patrongge 130y bive Tecelved from the public. ‘The sgh
#elecied are, generally, hoth useful and interesting in (Nemseiven, wud are
treated i n lar and 11! ¢ Lt stylo la clear, mmd

Bowing, adapied 1¢ the raste of goneral resders, for Whom the e
denlgned. The writera sro moatly men of high ravk in the Lirery worid,
and appear (o possenn the heppy talent of blending Instruction with
riom o gk, and worthy b piace i #vary BV SIS Hoeery P el

ol  and worthy w avyry geotsman’s " Mager
wine of Urgfild and Enderiaiming Xnowiedge.

“ Wi take (he opportunity ageln to recommend this valushble soties of
woinmnes Lo the public patronage,  We xnow of no mode in which ao much
sntsraining muiter may be procured, af so cheep & rate, s ia the Pamily
Library."—N. Y. Daily Advertiser,

“ The Famnily Library shonld be In the hands of every person, Thos
far It tian treuted of mub [ g to all, condenaed In & }i
and agrembdle styte..... We bavo mo repeateliy apoken of the murits of the
design of thin work, and of e whle manner in which i1 in edited, thet o
this cccanlon wa will only repoat agr conviction, that it s worthy a e“
iz avery lidary o tha cogairy, and will prove one of the most an
1 in one of the most Interesting publieations whick bas svor iasized from
the Amtrican press.™N. ¥. Courier & Enguirer.

“1t tneediews a chis into period o commend to pobile attention and

g the collectlor of delightfnl worke now In & ecuree of ped
Hearlon ynder the wpproprisce title of the Family Library.*—N. ¥,
ming Sournal,

“Ws have repeatedly expresssd our anwavering confidence In the
marita of this vaizable serlew of popular mnd fnstruciive books The
Famliy Library has now reached its alsieenth bet, wiik the | lng
favour of the eniightened Amerirun public ; and we have heard of but
one dinsenting volce amang the periodical » paper pubitehars who
bars menzly noticed and applaudsd the plac and the execuzion of the
Fomlly Library. A consirn so entirely destitite of reasom canbot mjre
w cinsn of publicath pare in | Judlel and 1
compoaltlon. ™ The Cabinet ¢f Religion, &2

“The nafmos of the wyiters employed are & suficlent snireey thet the
merit of tha Family Livrary will t no declitie."—N. ¥, Borning Post,

“The Famity Library s 2 colloction vehich sbonld be sougni sfter by
evary one deatrane of procoricg the moet Taluably new worke in the
eheapest and most copvenlent Hrm—-N. ¥. Daily Sensinl,

“ Thiwe who condense andg lrrmfo wuck worke oy publication, and
they aiso wha promuigare ther, richly deservs 1he thacke and TRiTOCAEN
of all enlightaned communities L the country, The Fwmily Libeasy
profoieas 10 be a most Taefl and cheal: reposltory of the most faportest
erenis of profkee, ancient, and modern b 2w« A WoTIe Of YOiOIDON,
wall conducted, ard published with such wrirrdng sootents, oannor il e

pem ail dry encyclopodias, or diffuse and elsborzie hinorien ur hiogra-
:du. Ly iated, nd ded Lo the very wreich of ven
¥ "—Fhiledelphic Gazells




HARPER'S FAMILY LIBRARY.

% Books that you may corry to the fire, and hold readily in your kemd,
wre fhr most weefil affer all. A man will oflem fook at and de
tempted to go on, when he would have deen jrightened at books of a lorger
iz, and of a more erudite appearansce.— Du. Joumaow,

‘Fax proprictors of the Family Libmry feel themapives stimuisted o
d ioca by \be distinguiahed Bvour with which it bas already

been received.

The volurncs aaw before the pudlic may be confidently appealed to
s proofs of zeal on the part of the publishers 1o present 1o thair readers
® #erics of productions, which, as they are connerted, mot witk ephemeral,
but with permansnt aubjects, may, years hence as well a3 pow, be con-
aleed for Lively amusament as weli aw solid instruction. "

To ronder 1hin Library still more worlby of patronage, 1oe proprie-
totn propose incorporating Lo 1t sach works of interost and valoe me
may appear In tihe various Libraries and Miscellanies now mpﬂn% in
Europe, pasticuiarly the » National” and the * Ediiburgh Cabins™ Libre-
tien.  All these productione, as they from the press, will be
wubmitted to & committes or literary gentlemen for inepection ; and none
will be reprinted but such ns ghall be found ctlovimted, to snetaln (he
exilted charnetor Which this Library has atrendy acquired.

Bavers! well-known zuthora have been engaged Lo prepare for it origine]
works of 2p Amatican character, on Hiatory, Bmgmpn}, Travels, &c. dec.

Every distinct subject will ln g | be preh 4 in one volums,
or ai most in three volumes, which may form either n portion of the
eriey o7 & eomplere work by itaell; and each volums will be emballinhed
with approprisie engravings.

The entire scries will be the production of authors of endnence, who
bave acquired celebrity by their literary labonrs, and whoss hames, as
they appear in succesaian, wiil sfford the aurest guarantee o the publle
for the satisfactery manner in which (he subjects will be t

Bucl: is the plan by which it te inlended 1o form an Americon Fomddy
Library, comprising a1l that i9 valuable in those branches of knowledge
which moet hoappily Gnite snweranment with instroction.  The nimost
eare will be taken, not ouly to exclide whatevor can have an injuricos
influence o the mind, but 16 emhrace every thing calculsied 10
the bewt and moat szluiary impressians,

With thess arrang and , the poblishers flatter Them
weives that they shall be able to present (0 their fellow-citizens B work
of led merit and cheag embracing subjests adapted to all

clazaes of readers, and forming a body of literature deserving the pralse
of having instrueted many, end amused 8!l ; und above every othat wpo-
clen of etifogy, of being At Lo be introdtced, witholl reserve o7 excopting,
by the (ether of & faruly to the domemic circle,  Memwhile, the very Low
price at which it is charged renders more £xtensive patronage necesary
for it muppott and proeecution. The fmmediate encoursgament, thera
fute, of those wha approve its plan and ion in reap ihl dicived
Tue work may be obigined I1n complete Bels, of in soparars aumbare,
rom the principal bookasllar througnous the United Siates.




FAMILY CLASSICAL LIBRARY.

i

Tux Publishers have much pleasure in recording
the following testimonials in recommendation of the
Family Classical Library.

“Mz. Valpy haw projecied 3 Family Clessical Library The 1dea Jo
excellant, and the work cannot fail to be acceplable to youih of boib um
&a well as to a large portion of the reading commanity, who bave oo
the benefr of & lewned educativn.”—Gentl ' Mogazine, Dec. BS99,

4 Wa have hare the commencement of auother undertaking for the more
general distribution of knewledge, and ons which, if' as well conducted
28 We may expect, bida fuir 10 pceopy an enlarged atation in our lmme-
diats lireratare. 'The volume before us is n specimen well calevlated 1y
recommend what are o follow., Laland's D L i an lisut
workM—Lit. Gazrils.

“Thin work will be recelved with grent gratification by every man who
Xknows the value of classical knowicdge. Al that we call purity of taste,
wigour of style, and forco of thought, ban elther basn tanght to the modern
wrothl by the study of the clansiea, or han been guided and reatrained by
thoss [lfustrious models. To axtend the knowladga of such works is ts
do & public servlce—Court Jowrnal, |

“The Famidy Clgseical Library in her of those chewp, aeefnl, and
elegant works, which we lately mpoke of as formming wi era lo our pube
Lisltiag hisory."—Specfotor.

“ The p esent era searrw destined to ba hononrably distlogulshed |8
Thtarary hiawory by the high character of tho works to which it is succos-
Wively giving birth, Proudly independent of the feeting taste of tha day,
tltey boast subylantisl worth which can naver be disregarded: they pot
farth & claim to pernarent esthnation. The Family Ciasvical Litrary i
& nohles undertaking, which the name ol the oditer asvures us will ba exe-
euted In & atyie worthy of Lhe gregt originals."—Morning Post.

““Thia is 4 very promiuling wpeculation ; and aa the tasteof the oy Tuns
nwt nowr very atrangly n gwour of sach Miscellanies, we doadt not ¥
wili meet with proportionate success, 1t peeds no adventitions aid, how-
ever influential ; L has quite mutficians merit to enabls it to wtand on
its own foyndetion, and will donbilesn assume & Iofty grade ln publio
favour,"—Sun.

“Thla work, publiabed at & low price, la beautifully got up. Thou,
ta profesa to be content with trenslationn of the Classice has been do-
muuced 23 ‘1he thin diaguise of indolence, there arm iEousandm whe
bave no leisure for studying the dend languages, who would yet like
know what was thoughl and said by the wages and poets antigaity.
Te them this work will be & trepsure*—Sunday Times.

“ Thin duaign, whick ty to irals B X isdgo of the most
watoemed authors of Greece and Rome, by the most approved translalions,
to thoae fmvm whom their trmasores, without such assiatance, woold ba
hidden, snuat wurely be approved by every friend of literature, by svery
laver of mankind. Wwe dhall only say of rbe frat volume, that as the
execurion well accordy with the desigi, It must commaad general appros
bation.”—TAe Dbzerver.

“We mee uo reawon why this work should not M1.d jts way lnto the
bouduir af the lady, e well 29 into the library of 1he learned. i is ch
partsble. and attugeiher 8 work which may rafely be placed in tho
& persoiis of botls koxsa "— Weekiy Fres Frase,




Notices of the Famiy Lirary.

publishers have hitherts fully dasarved their daily ieceakng
m the good tasie wnd fudgment which hawe influenosd the
of, works for the Pumily Libiary."— dibany Naldy ddoertiser.
“The Pamily Library—A titls which, from the vaiuable and entariain-
Ing mattar the cul]mtion contalne, a8 woll sa from Lhe careful myle of ita
axteution, # weli dossrver.  No family, indeed, in which thers are chil-
dren wbcbmup,on‘htwbewuhomthuUBnry.unmmhh-
the lon whick ought 16 scetinpany or
succend that of the hu!ﬂ.inrnhml or tha mdumy,:md il inﬁn Y more
souducivs then eitberto the enltlvation of the i
“It s tbe du permon hlvlngnﬂml]ympm !hh ﬂeenm
Library fmto thotlmd §1
“Tt is one of the rcommendations of tho ani.ly Library, that 1t em.

lnm * targn r:ircle of mzuuting TaAtter, of lmporiant inforration snd
and a cheep form, It im

emnlnenty calonisted for s pular serioa—published at u prico mlow,
thag p of (e mont nx linne it—comblinte;
makiar mdnuyle:huths:m-tmdjnuyml o hend lt, &t

same timg that it 1a calculnted to ralse the maoral I.nr.ei Auml character
of the pacple. " —Conatrliaiion.

HWe bavs dly borne 1 mmuumym'm-m It in
#08 of the bowt thot bas evor beon imaued from the Amerioen prase, snd
lhomdbciutbeﬂmormhmlym of treasurisg op neelul
knowledge™—. Statesman,

“We voutare the-amion that thers is B0 pabHeation iy the
more silably adapted 1o The Lanta and requirements of the great ioase
eommunity, or better enloularad to rutee i intellaciand chmvaetor of the
Elddl.tn( classss of socioty, thea the Fromily Llhnry "— Bostowm Moswnsc

irrar.

4 %We have 8o aften recornmended this enterprising and neetb! p“btlﬂ-
thon (the Fam!iy L:brury}, that we can hm only ﬁd. that each sueoew
wivs b {lrm tte popularity."—N. ¥, dmerican.

“The Uiile voiu.mal of thin series truly cotmport with thelr tile, ané are
o themaeivon 3 Family Library."—N. ¥. Commerciol Adoertivr.

“Wa recommend the whole aet of the Fam!ly Library s ons of the
ehiepost means of effording pieasing instruction, aod m, N4 proper
pride Ity books, witk whick we are acquainted.”™— I, § Dageite,

Tt will prove instrocting and Ing to 4 ¢l ‘We are pl -3
to learn thar the works comprising this Library bave bmm as they
ought to be, gufte popular amonyg the keads of Mmtlica™— X, .Guutu

“The Family Library is, what ita nema lmplies, & coffaction of

wnm of the bewt kind, ding usefi;l and | i

: o family circle. It 15 neatly printed, and aboeid be tn avery fami'y

that can afford i1—the prics belng moderate, P—New-Englond Pallodivm,

“Wa nre p!uud Lo mes that the publisbers lave obtalnod yatisient en-

thetr Fuaintiy Library.*—Raltimors Re-

“Tha Pamit hu perdlons knd et form,
wll-written b ingd , dea, d
nmiodiudbylhlewﬂwu.uldduwnenuulymme TMoat correct and
mecreditad Iti-.uu. i who,a?nmllyubmy ﬂom
which, &t Hitie nd

widemh

Iy may
on onho-oeienwnmry wbjects of edteation £nd wlnm
mlquma;ee“:m}lh:hch ngfbor Al DoT wmmddn o ba
oT L] T ACE Am thoss m 1-,
abide,"—Charlesion Gmac.mw M il b




FAMLLY CLASSICAY LIBRARY.

"5 tor daalderatum to the Engllsh reader caunot wall e brongh
] mﬂtiu."—&ﬂ’a Weekly Messenger,

- *The Family Classical Library mey be reckaned as one of the ™ot
inetraciive series of works now IB the cotraa of publication.”—Combridgs
Chroricle.

“ A morles of worke under the title of the Fonily Clasmcal Lidrary
In pow in the courss of publication, which will, 1o doubt, arrest the atter-
lot of all the adicirern of elegant and poiits of that b
‘whlch foyma the salld knd o basin of 2 savod wid geotiemanty
education."—Bath Herald

*“We are inclined to sugor the most baneficlal resuits to the riging
fgenerstion from the plan and nature of this puskication ; and we doubt Dot
ihat under the 2ble superintendence of Mr. Vaipy, the valus of the present
work will not excesd Ira siiccons Be & mere literaty spacatativr. 1t onght
to Bud & place in every school and private family in the kingdom.*— Bri
Lol Journal.

“ The denign of this publcation s highly Javduble: If It be p lmed
according (o it deseris, we have no besitation in saying ihas fis suceem
will be vory considerable— Edinburgh Advertizer,

Tt we had been called on 1o siate what in our oplnlon was wanted to

Pl 1 a} pericdicals now to courss of publication, we shonld
have racommended a tranalation of 1he most spproved anclent writsn, in
# corneponding myle. Thie undertaking, therefore, of Mr. Vaipy's, most
compleiely moote the view we had enteriutmed on the sublect, We
strangly recommend tha produstion te the notice of kchiools, as ia perusal
o tend to implene on the minde of the puptie g love My ancient fore.
In Ledles’ Beminaries the seriew will, ltndeod, be inveluable—the atores of
;{mt:ﬁ'ty being 1hus thrown apea o hem."—Plymouth and Devonport

4,

~ Eeonomy Is the order of the day in baoks. The Frmuly Clasncal Li-
brary will greatly asaist 10e ciassical laboute of tutors os well tn popile.
We suspect thal n period b mrrislng whon the Greek and Latin autlioes
will by moro generally remd through tho medium of Lannlstlons. " Chelr
tenkam Joturnal.

“ We aval ourseives of 1he sariiest opportanity of fatrodncing to the
Botles of onr readers & work which kppears 0 promise the atmoaz advane
tags fo 1ba rising geiortion in pariiculsr. ‘Therw ks no ciass of pecple to
witom It ta not caleulated Lo be useful—to the sctolar, il wiil be o ET G
able yuide and cotmpanion ; while thoms to whom & clasaicsl sdocation
Lew beer dentod wi'l find in It & pi and u valuab] towarde
those auclont medels of e gresinean, which, even in thie ags of
Dosntesd refinement, we are proud 1o imitate. " —Aberdesn Chronicle.

“The Fornily Classical Library will contain \ue mowt correct and ele-
iz tanslalions of tha immoral works of el the great 1utiors of Grmses
s Bome ; en acqualnisnce with whose writlngs is Indispenssble fo every
it who ls desi of acquiring even mod insmical Ataingments,”—
pAY Albiom

“ voiurs promive 1o be an ievalusble acqulsition to thowe but

¥ sograicted with ihe Greek and Lalic inngnages: such of the

¥ MK [nore eaDecintly aw drect thelr laudabl ity In the ch i
of ¢lamsic terataro must Aed ja tranaleting tie vary Key to 1hs knowrisdge
they sock. The morw trife for which the lover of Wieraiure may pow
farnish iy hbrary with an elegunt and uniform adition of the best trane
Intlona from the clamics, will, !t cannet ba docbied, ensurs tho Fomily
Classical Library u welicome reception.”— Woalmer's Evater Gazalts,

“This work will supply & desderstum in literarorm; and we Dope B
will mest with 3 The of nu:“y of the ancient

tnodern Litrs.




POPULAR WORKS,

PUBLIANRD BY J. & J. HARPER, NEW-FORK.

Givbon's Rome(fne).....4 v. Svo.
BRoberteon’s Works . 3v. v
Hintory of Modterp Eu.mpe, Av.8va.
Lifaor Byren, by Moora..2v. 8va.
Cooper's Surg. Dictionary, 2v, 8vo.
Honper's Med, Dictionary, Bv 8vo.
Weslay's Miccei. Worke. .

Rav. Robt. Hall's Works, 3 LA Svo
Good's Book of Netnre.......
Crevb's English Synonymes. Svc
Brown's Bibie Dictionary - .. .Bvo,
Gibson’s Jurveying. . .o. ... .
Davies’s Surveying .......... Bva,

Bask on tire Millennlem. ...7%me,
Mocre'sLife of Fitzgeraid 2 v. 12mo,
French Revolution, 1830. .. ime,
France. hy Lady Margan. 2v. &’3

Houssierpers Manuai. X
Domestic Duties ... ... . iema.
Mathemarical Tables. ...... [2ma.

Livea of Hligners of Dec. ind. 12mo.
Brooks's Poera........ ....]2mo,
Milier'a Greecs . e 19MRR,
Schieberl™s Chrmianlty ,,,,, Timo.
Modern American Cookery, i0me.

Lifeof Wichif. ........ vaeaiBmo
L y of Revel - JBme

Davyies’ Deseriptive G try - §vo,
Devizs' Shedes snd Joedows, v,
Car'e Columbie River ... ....8v0,
Bucgesa [YAbraniea. ..
Wiilio's Porms - .
Annsis of Tryon Conmy -fva.
Percy Anecdoies . .oounun ..., Bvo.
Marrail's Four Yoynges .... . 8vo,
Hist, ofihe Americar Thestre.8vo.
Letzers from the Egean..... . Ove.
Dibditn Reminiscences. Hvog,
Life of Dr. E. . Clarks. ... .8va.

Neele's Life and Remaing ... .8vo0
T Comdartat.  vvvniemaans 12mo
Kelth on Pmpl:w. P S T
Britigh 8py, by Wirt.. ... 120,
Buiwer's Nowels. ... 1lv. 13m0,
Misa Edgewarth's YWarka. . 12mo.
Henty Masierton...... 2 v. Iimo.
Westvward Ho'...oo.. 3 v 1900,

Tales of Gleuber Spa- .29 (%mo
Coauarinl Fleming. ... 2 v i2mo
Dutchman's Firesids. .. 2 v, 12mo.

il ‘Fhomign-.......2 v. {2mo.
'I‘EeYonn'Dm..‘...zv 1tmo.
Anastemiga  .........2 T imo.
Caled Willlame - -2 v {9mo.

Philip Augustum. .-.....2 ¥ 1 2mo.
The Clob-Book..oo-.. - .27, [2mo.
Do Vo  cacieeereraes. 2 12000,
Tte Bmugglet --.......2 7. 19mo.
4 2T - A A 2 )
Tales of Extly Ages ... 2 . 123me.
Arflagon - coaaienn 2. 19me,
Seawerd's Nwmatlve ... 3v. I2mo.
JIrcqueling of Holland ..2¢. [2mo,
Roxonel ... iv. 9mo.
;{nm’ull.‘ T. ::.‘mq:.:
ATAETILD - - V. 3
The Txlba v, 12me.
Wererlay -.. 2% 12me.
Walter Calyton L. i%me.
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b

Lives of the Aposlles, &e.. -18%mo,
Bwinx Fsrmlanbmm v, 18mo.

Eungsy Eveningw.... - |8
Son of m Genmie ... .. |8mo.
Azt of [ivigorsting Life ... 18mn,
Smart's Horace . ... 2 vala, 18mo.
Xenopholt ...oveen.-0. 27, 1B,
DONOILNERER . v - 2 ¥, i8ma.
Balluwt . ca. . —

Cauar'y Cnmm.e.n‘unu v {8mo.

Masainges's Pluys ... .. A%, 18meo.
Fords T"Inys vesesaae AT 180,
Brown's Concordanca .. ... . 2mo.
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Slovies of a Bride......2¥. {2mo
The Englisk at Home ..2v. 12mo.

Haijji Baba.... ........2¥ I%mo.
Tratsof Travel ........2¥ |2mo
The Youn r&m‘- .4 T 9me,
The New Forest .......2¥ 1Zmo.
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Rom. of History, Spows.%v. 19mao,
Rom. of History, France 2v, 1%mo,
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Hungnrinn Tales $v. I2mo.
Romance and Reality. . .2 ». )%mo,

The Falee Quep, &e....% v, 1Tmo.
BePArBlIOn - .esc-na..- 2v, i2mo.
Yesterday in freland. ... 3 v. 12ma,
Waldegrave . .......... 2v. |2mo.

Adventures of & Pagn . ¥v. [2mo,
Bybrent Da Cruce ... .87, 12mo.
The Bekooi of Fasbion, ¥, 12me.
Steation Hll ... A 19w,
Aimaci's Reviaited. ... .2 v, |7me.
Cemnpgignaof a Comel, 4 v. 12me,
Tulue of Military Lifs. .2 v. 12mo,
Fosearini . 2w Mmo,
Maxwal] . v Fime
Bitatchanof [rish Chiarsoser. . |2mo.
Leggoit's Talss, &o....v... - 13m0,
Dinry of & Physcian. .9 v. 1o




POPULAR WORKS

FORLINAD AT

1. & I. HARPER, 82 CLIFF-STREET, NEW-YORK.

TRE HISTORY OF MOTERN
ELROGPE, from the ftise of he
Mudzrn Kingdoms 10 the present

eriod, By Wiitiax Rusaxwne,

LD, and WiLniax Juwes, Beg,
Wik Anrotatinns by an Amerl-
can. 1 3 vols, 8vo.

THE HiSTORICAL WORKS of
the Rev. WILLIAM ROUWERT-
BOM. .1 ; conprising s $153-
TORY ofAMERICA; CIIARLES
¥.; BUOTLAND, mad INDMA,
In 3 vola. Bve. with Pigles.

GIBON3 HISTORY OF THE
DECLINE AND FALL 6y rux
ROMAN EMPIRE. In 4 vols
Bve, Wilh Piates.

T sbora ororks (Bumelly, Robertsoa's. 498
Gibdbo W are Metvol and printed
moifornaly, Groal phing bave becs b
w reador tham et in w Pt
They ary decidedly e bost odit evar
prutrliaded in 1iis COuDtTY,

ENGLISH 3YNONVMES, whh
copivua llustrations and Expin-
nattona, drmws from the bautWri-
ey, By Geomox Crazsx, M AL
A new Editicn, enlerged. 8vo.
[Brerestyped.]

LIFE OF LOARD BYRON. By
Tanmas Mooz, Esg. In 2 rols.
gvp, Wil & forurait.

THE BOOK OF NATURE; being
& populst Illuntratiun of cie gene-
ral Luwaand Poenoinena of Crea-
ton, &, By Joux Madouy Grag,
M. and F.RY. Svo, With il
Life.  [Slersoryjed

HOOPER'S MEDJCAL DICTION-
ARY. From Ihe tamt London
Editiva.  Wuh Additiona, by-8a-
sHvxl Axerey, M.B. Svo,

QOOFER'A  BURGICAL BIC-
TIONARY. In 2 vols. 8vo.
Groatly sniurgad. |Stereciyped.]

GOODB{Dr.Joan Maaoe) STUDY
QF MEDICINE. In & vols_ 8vo,
A pewedition. Witk Additons,
hy Bumwuzs Coneer, M.I.

POMESTIC IHITTEB | or Testrue-
tionu 1o Afur Haed !,ldiau. By M,
Wistisn Panirf |2ima

THE PERCY ANECDOTES. Ro-
vised cditicn. To which iw ad-
ded, a Valuable Coilection of
Ametican  Anecdotas, original
aad melecied,  Ilusrrated wila
fourteec Miniziure Poriraits.—
Bva,

ADVENTUREE ON THE CO-.
LIMEIA RIVER ; Including ine
Narrative of & Restdence of Six
Yeanrs an the Western side of the
Rocky Monntains, &o. &, By
Roes Cox.  8va,

WORKS OF THE REV. ROBERT
HALL, with Mamoirs of hua Lifs,
&e. 1o 3vols gvo.

EEITH OGN THE PROFPHECIES
12mao.

BROWN'E DICTIONARY of the
HOLY BILMLE. From the jast
genuine Edinburgh edition. Sva,

THE HISTORY OF THE JEWS,

Frotn theenrlionl pertod to the pre-

mniiime, Byths Rer, H M. M-

man. 0 3 volk 18mo. Dluatraiad

wijin origine! maps, &o,

THE LIFE OF NAPOLEON BO-

NAPARTE. ByJ.G. LucKHarT,

Eag. With copperpiateengravinge,

2 vole. (80,

LIFE OF NEILSON. By Rosgar

Bovrmer, Ewg.  With » portrait.

THE LIFE OF ALEXANDER

THE GIEAT. By the Rev. J,

WiLtisds. With B map. 18ma.

NATURAL HIBTORY OF iIN-
AECTS. lilustrated by BufDsTOUS
enprufingd. 18mo.

THE LIFE OF LORD BYRON.
By Jurt GarT, Esg. 18mo.

THE LIFE OF MOMIAMMED,
Founder of the Religion of [siam,
ard of 1k Empimsof the Sarscens.
{i'} tae Rev, Guoney Buau, &M

wh n piale. f8mo .

LETTERS ON DEMONOLOGY
AND WITCHCRAFT. By 8ir
WaLrka SeorT, Bart. )

RIATORY OF THE WIRLE. Ry
the Rev G, B Guzim. In 7 vols
Lanp,with uape of Palusune, Xu

¥



Works Publithed by J. & J. Harper.

NARRATIVE OF IMSCOVERY
ANU ADVENEURE 1N THE
1'0Lall SEAS AND REGIONS,
By Prafesscr Jasuz, Professor
Jomason, and Hiea Minaay,
Eag.  With mapt, &<, 19mo.

LIFE AND TIMES OF GEORGE
I¥., with Anecdotes of Ihaun-

jutied Bersons of the lass Cilty
{:‘ ears. By the Rev. Gunnox Onoe
e, Wuh a pertrait. 18mo.

NARRATIVE OF DISCOVERY
AND ADVENTURE IN AFRl-
CA, from the earliont mgea 10 (he
preseni ume. Witk {ligstranons
of ihe Geology, Mineralogy, mid
Looiogy.  Hy Professor Jissanx,
Joune Wikenn, Esq., snd Hiou
Mrorav, Eng With a map spd
oo engravings. 1gino.
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