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catechism. Though greatly extended in scope. it is still
animated by the same cardinal l)rinciple. Each sect
must defend itself by teaching its own dogmnas to the
youth, and, though every State college were to be abol-
ished, there would be still as great a reason for maintain-
ing all the denominational collcges. HIowv lon, it WLould
be before thev would( (degenerate to the con(lition of miiere
sectarian pro)a-an(l.a, as before the revival, no one can
sav, hut there woul(l be a strong, tend(elncy in that (lirec-
tion. Free(d fromii the comnpctition of St:lte colleges, their
zeal in tlhe teaching- of soietnce wvolld soonl lag. Not hav-
ing rea(dy access to tht' pl)l)lic mieanis Iand resources of
instructioni, such as the St-ste at%chives, maps, authorities,
explorations, surveys, slatistics, and( to the avenues by
wvhich the State knows and readily regulates the great
industries of the people. the chuich coll-egs would very
soon see that there is an actuall incongruity in their as-
suming to (lirect the scientitic and( industri-il edtucation of
the people. It is the chiif business of the chiurch to
look after the spiritti d wveil-being of the pt-ople and not
to fit them to carry forwvard the complicatcd machinery
of mo(lern civilization. Religion is the lubricator of tlis
vast s)stem, and the church is the agent by which it is
applie(l. When the clhurch (ldeparts from this sphere,
she forsakes the true iclea of the primitive church. NVhen
she leaves her spiritual kingdom anid aSSuImIeS to (lirect
in the construction of steam engines, in the handlingr of
theo(lolites ind compasses, in the matnlagement of cotton-
gins, in thi mieasuremint of the angles of crystals. and
the distancts to the stars, shl maiy very reaisonably' be
held to be out of her sphere. Sihe has the p)rivilege, of
course, of doitig all these things, an(l there w.ts a tinie
when she had good reason to (do them,i.and w'as urge(I to
do them, as the onl) capable agent; but that timne has
passe(l, an(d it can hardly be consi(lere(l to be her (luty to
do them in the nineteenth century, when other agelits
equally capable have arisen, en(lowe(d with that special
duty an(l tunction.
One of the boasted adlvanced steps of the nineteenth

century is the stparation of the church an(d State. Ifn
the nmere manil)ulttion of the governmental machine this
is fully reliize(l in the Unite(d States, an(d int much of
continental Europe. BIuit the administration of the laws
is not the State, nor, in(leed, is the mnak'ing til) of the
laws, nor both of thieie unite(l. ''ruie st;itesesmtaship
surveys the whiole body politic. It foresves :andl Often in-
stitutes n tional enterprises. It wvatch('s th-' external and
ailso the internal influenices that nire t!he masses; it
takes advmntage of the shifting markets for the (foines-
tic l)rouilcts. It nott's the rise and(dccliet of the various
in(liistries. It appivs stimulants whilen tceded an(d me-
prfssioni wlixi necejsary. I i short. tlt, .State is an all-
prevadling, energizing, regulatin-, Li r-seimig or-raniza-
tion of the peop)le; the culiminating ex)ression of the
modern democracy. It is this mnachinery. which in our
day is very closcly connecte(d wvith the appliances of
modern science, which is not frce from the chtirch, btit
which the church assumes still to dirvct. Instead, we
claim that it is the right and duty of the Staite itselt to
look aftir its own int"rests, and especially its highest in-
terc'-ts, and to take moe istires to (fuOdlify citiz,ens nlot only
to r' of1 t htir bl.lxots, but to di,chiurge all the dutiis of
hiigh eilizc.nshi p. 'T mere is mio limoit to this duty slhort of
tli ricce'sSity of thle St;lt(', Ims lets ;1al*1o'alV beIn ;ofm1 itted.
Th'at whlich conlstitutes a State-'' hilgh-iind"d Inl --
is its necesSity. andl that it is the (duty of the .State to
provide, to thl end that its miiultifarious indlustry mnay be
under the guide of the highe-st statesinatiship.

TI-lE French Government has appointed a committee,
presidIedl over 1)y Rear Admiral Blourgeois, to stu(dy the
dliffcrent appl)lications of elcciricity to navigation.
Tt E Society of Telegraph Engineers an(l Electricians

wvill holi a meeting in Paris on September 2i.

MAGIC MIIRRORS*.

BY M. BERTIN.

[translated from the French by NMarchioness Clara Lanza.]

LADIES AND GENXTLEMNIEN :-The term Alagic wvas
formerly applied to those metallic mirrors employed by
sorcerers, necrom.ancers, astrologers andl charlatans, and
bv miieans of which spirits were invoked andi the fututre
Predicte(l. T"ese imirrors, tratnsmittedI from aintiquity to
the mi(l(lIe a-es, were usetl to a very great extent about
the sixteenth century. andl up) to two hun(dred years agto
thev wvere constantly seen in Europe. Nowv they are
founl(d nowhere except in the far East. We are 'ahle to
furniish any amount of information about this strange
superstitioni, but it is not of these mirrors that I inten(d to
s1eak.

T'here is another kin(d of imiagic mirror, so-calledl be-
cause it fprodluces effects a)l)arentlv marvelous but real,
I-listor sill tell you nothing, lhowvetr, atbout these mir-
rors, and(1 they are not cven nmentione(l in any book of
physics. Their apl)parance in EIurope is qjuite recent, and
as thev are excceleingly rare, tlhere is not often an cppor-
tunity fpresented for ol)s-rving them. It is of this scien-
tific curiosity that I shlall talk to you this evening.

lT'hese miiirrors aire an uncomminon variety of mnetillic
ones. 'rihe latter you know were the first invenite(f by
man. 'I'he (reeks andl Romn-ns hla(l no othler kind, except
a few specimiens of glass niit'rors ma(le at the factor) in
Sidomi. But gl iss w heni not (quicksilvere(l (foes not nvike
a go,l ilmirror, and it was not until the thirteenth century
that (fuicksilver was emt)love(l for the purpose. Up to
that dt te meitallic miiirrors alone Nvere used, atn(i vcrn now
some uncivilized niationis employ an-I mannfacture no
other lkin(l.

'Lhe Chinese and Japanese, for instance, are an exam-
ple+. Since they have been in constant communicatirn
wvith European nations, howe-ver, they have partially
a(lopte(l our glass inirrors andl send us their metal ones
aIs obiects of curiosity. Chinese mirrors are exceedingly
rare, so rare, in fact, that there is not one to lie had in
Paris. This lead(ls nme to thiniik that they are no lunger
manufactured. Jaipanese mrrors, on the contrary, are
very cottiniu)n. This is petrhips owing to the fact that in
Japain the itiirror is not only a ncecssary article for the
toilet, but also an obiject (if national worship. Ihe
f)ri'mitive rftligion ( f tlhe cotiuntry, which is still embraced
by thle aristo:racy an(d call-d .Sp)i/lhimii, worsiiih)s the
go(f(fess of the sun as its )rincip-ld divinity, ;l}(l the
I;imperors of thfe- nittion are supposed to be hier (1dc1-end-
alnts. 'Ibisgsoddess invi-ited the mnetaJic n)iiro)r, andl
presemiting it to) hetr sjn li;de: himii preserve it relig:ously.
In the flrlace of Mikado, therefore, the immirror c-iarnrber
is as cirefully attn(Ld:d to ai that of the Empt:ror him-
self, ail(i often receives grreater attention. In the templiles
of Sr:/idhis;z the only object of wvorsiip is a mirror, kept
in a box coverc( with sev'eral wrapp'ngs of silk. Although
this religion has been abandoned by the greater portion
of the peopul)l, who have since become Buddhists, the
mirror, nevertheless, has always remiraine(d a precious
arlicle, 'I'he F'tdi(s kcep it rased utpon ai tall cas('f. which
brings the galss u p7am 1 wwithf tfi-ir ('yes when thely
stoild upin tip-tpiC. Who-m1 tiiey wish to rei-imme it they
Ilol(l it care f Itlly byhthei;ih lIc, s om m'tmiii's firlitilt i;; time
latter nto a pu-ce of' split ban ihioo.

'li'--se niirrors arm (iobrotize of various si/esand shaipes-,
but always portable, olnit si(!e is polisheld and( amal-
gam.atedf. It is also gene r:d'll ccnvex, so that the itimages
refltctcd look suomesvhat distort"d. The other side is tiat
or slightly concave an(d is always ornameneed by h.,ureS

*Aicctimre delivcrc( b)cfore thc .UIss' iation Scinim'iuei' -ri me'
tThis statenient is not .ltog,_thcr correct. lihe Chincse n-mzufacturc

gI.las niirruri, and very S:eldo.J, if ever, use:nietallic ones any mn r:.
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in relief of more or less perfect workmanship. Japanese
mirrors usually are more beautiful than the Chinese.

Here, gentlemen, are a few. I cannot pass them
among you, but I can show them to you pertectly wvell
by means of the magic lantern. This one is the copy of
at m)irror brought from Japan by Professor Dybowski.
T'his secon(d one btlongs to General 'Teissier. The (Ie-
signs are ol' tie teverse or unpiolished si(le.

;Amiong these miiirrors there are a few of a lesser thic;k-
ness, which possess a remarkable prc'pertv. Although
tlty reflect ordfinary imnages in a (lifluse(d liglit, if a ray
of stunlight falls across the lolishe(d surface andl is re-
flecte(l upon a wlhite screeen, tte orn0alientation upon the
reverse si(le will be transported to the screen. This is
vhat we call a magic miiirror.
The lirst tlhat appeared in lturolpe c;ame from China;

'l'he Chinese, in fact, have1 known of them for a very loing
timet Onie of tIlhir historiais who flourished in thie
dl\eenth cenltury of our tra, lwet' llionls lilt-hIm wilil admiral-
tion. Another .writer, who lived in the)Xyear 3(X, gi.e
us :a suLp)p)oSC(l explanation of the philotnn.II) '[he
Chinese Encyclopedia contains an atticle til)poi thle subh-
jeet, wliici lias been tr;-nslated by our greait sinologue,
Stanislas Julien. These mirrors ihave always bectn rare,
bult persons who have lived in China assute me that they
can somletimes be foun(d in C(hinese curiosity shops.
We are not sure that the miirrors were ever purposely

made. It is probable, on the contrary, that they are
ret-ely the result of' imperfect fabrication. In rcgtr(l to
thle Japallnetse this is ah-solutelt e:rtaini, for magic mirrors
alrtlttlnknliowv ill Japln. Ne'itietr the manufactttrer no)r
the iwrot)n who stels thienil h1as ainy idea ot their pectuliar
propltity. Eturopean sa7'.ants, however, have foundtt
magi-ic mirrors fromii Jalpan llaIlny tilles. Iln 1X3 M.
Ilritisel) (escrib)e(l one in the r7ourna/dt, la £S'cid/,'
Asiftliqie, which he hal(l discovered in Calcutta, In
1877 'Mr. Atkinson, Proffessor in the Imperial University
of Jeddo, observed that numbers of J ipanese tmirrors
prolduced magical effects. Th;s attracteL the attenti n
of M. Ayrton, Professor in the Engineering Schlool in the
sallme city, wlho immende(liatel)y be an to investigate the
niatter. After examining five or six hundred hie affirmed
that three or four out of every hund(lred were magic.

IPartially magic mirrors oug,ht to be very commiion, and
I ami quite sure if I hald been permittedl to examine the
Japanese collections in Pa'aris, 1 shloul(d have foun(d sev'eral.
I ami indel)tedl t6 General 'reissier for two beautiful mir-
rors thiat he brought from Japan. One of them is (Ie-
ci(ledlly magic. I will have an electric light thrown
across it a.nd then upon the screen. You will see a part
of the design upon the back appear.

Althoughi we can furnish no written testimiony con-
cerning these imiirrors, several learned inen hawever, es-
pecially those wlho had traveled extensively, knew all
about them. In the year 1830 Humbol(dt camie all the
way fromii BIerlin to Paris, in or(ler to show the Aca(lemy
of Scienlces a mirror which he believed to be magic. The
experiments were made at the Observatory. Unfortun-
ately there are no traces of them to be foun(d in the
scientific reviews of the period, but we know that the
\vh(le affair was a fiasco. Our illustrious chl1emist, 'M.
I)uinas, who wvas one of the investigators, affirimis that
HumboldIt's miirror could niot be consi(lere(d mlagic in any
senst of the wvor(l.

the first mnvgic miirior that appeared in Europe was
OMIneI by 1. Monchez., the Director of the Ohservatory
in Paris. On his return froml Chinia he brought with him
several mirrors, one of which was miagic and( had been
sold as such. This mirror was presenited to the Aca(lemy
of Sciences on the 22(d of July, 1844.

In 1847 a secon(l one appeared belonging to the collec-
tion of the Marquis (de la Grange. Stanislas Julien gave
a detaile(l descril)tion of this one, in wlhichi he statedl that
the reflection obtained was i(lectical with (ie reverse of
the mirror, but that the latter was not in relief. This
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mirror, therefore, should not harve been magic at all, or if
it was, all our modern theory would be upset. Mainy
attempts have been made to find this mirror, but up to
the present time the search has proved fruitless.
A third magic mirror wvas piesented to the Academy

in 1847 by Person, Professor of Physics in Besanqon.
I'erson's report consists of twenty-five lines only, but it
is extreimely important, as it contains the whole theory
of miaic mirrors, whlich, tlntil thelnIwas unkinown.

F ina1Ill, in 1853, Maillard presented the Academy
wvith a fourth nmirror, whicih was not magic to an) great
extent. lt is nov in the Collkge de France. I hlave held
it in my ha.nd(s, exaiminle(d it carefully, and( I can assure
\ou that it is an excerdingly bad specimen. A great
(eal of imagination mlust lhe lpossessedl by any person
who) can cdil the effects of this miirror magic.

'I'his, gentlenmen, wvas the last, ;and the excitement about
magic fu1irtotmsfegaimt gradtuall y to subside. Nothing
more,, a.s h ofIthemiI till Ilitt)Ietr 8X78. Whlen1NIM.
Ayrtoi midIctyt,lboth proftessors int lie El:lgilteeting
Sk;hool1, at Jedltlo, )teseteid the Royal Society of Loii(lon l
with several magic mit rors wIichi tiley had brought from
Japan. For the first tiuie, technical observations were
made conrccrnitng the constructiotn of these mirrors. As
to the mirrors thmniselves, the effects produced by them
were truly marvellouis. We were unable, however, to
form; any correct ju(dgment upon them until last year,
when MI. Avrton t)rought four to Paris. The experi-
metits mia(le by uim prroved very successful, and were wit-
niessedI by miie witlh great inttrest.

Sin^ce thiten, tht fame of magic mirr6rs has revived with
dtotile iiitteinsity,
A few day;s' after AI. A)rtotn's seance I received a

visit from. imy, ol(i(pupil MI. Dybowski, Fellow of the
Academy of Plhysical Science, vhlo returne(d from Japan
atter a prolessorshi) of more than two years at the Uni-
versity of Jeddo. Of course, you all know that after the
revolution of 18(9, Alika(lo's government founde(d large
scietitific schools in the cal)ital. Unfortunately, they no
longer *6 import" l)rofessors fi'onm Europe, but content
themselves withi such ptupils as we turn out.

Like all Japanese, NI. I)vbowski wvas Ignorant of the
existence of magic initrors. He brought with him), how-
ever, as curiosities, four mirrors of antique manufacture,
which are called Teifpile mtirrors in Japan, and consid-
eredl to be superior to mo(dern ones, as the fabrication
has grown excee(lingly defective of late, owing, probably,
to the comlpetition of European mirrors. WVe experi-
mente(l together with these four specimens, one of which
was found( to be magic in a slight degree. T'his mirror
has been the statting-point of all our subseqtient pro-
gress. Of course, this wvas naturally the consequence of
a soun(d theory, which, howcver, was not immediately
estal)lished.
The ol(lest on record is that given by a Chinese author

of the thirteenthi century. According to him, "1 the cause
ef the phenonmenon is due to the use of fine and coarse
copper. If, in manufacturing the mirror, the image of a
dragon is p-odlucedI in relief up)on the reverse, a similar
dragon is eagraved upon the polished side. This last is
coticealed ty filling up the lines of the engraving wvith
copper. 'I'iie metal is then incorporate(d with a purer
quality of ca)pper, while the mirror is submittedlto the
action of fire. Finallv, the surface is polishlcd and
wvashe(d over with .aalg,rtn."' 'T he author, however,
does not seem to see that it the(lifference in the reflec-
tive power of the two (jualities of copper wvas sensible
enough to make the phenomenon appear, this variation
miust tiecessarily (isapp)ear undler the application of the

Brewster's theory (loes not differ notably from the
Chinese explanation. lie says the polishing effaces the
engratving and ren(lers it invisible in a diffused light,
leavwing upon the nietal, however, variations of density
an(lreflective power, which makes the image quite visible

a
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when exposed to the sun. But Brewster was not aware
that the surface of the mirrors was amalgamated, andl
we may safely say that he was wrong to attempt a solu-
tion of the mystery, without ever having seen a magic
mirror.

Nevertheless, before rejecting his idea completely, let
us seek to verify it. I myself have had an engravingr made
upon copper, then caused it to be effaced. When it was
no longer visible in a diffuse(d light, it wvas, unfortunately
no longer visible when expose(d (lIrectly to the sun. 1'er-
haps I Nvent badly to work. and very likely a more care-
ful anrd (lelicate operator might have suiccee(le(d better.
We might have exf)lained in this way the (ffects of an
extraordinary mirror mentione(d by L. Ayrton, wvhich,
instead of repro(lucing the imiage engraved upon tlhe re-
verse, (lisclosc(l to the nstoniishc(l spectators the grio-
tes(lue features of a Buddhist saint.

Blrewster's tlheory, fortuniately, waS not kniown in
France when l)ul)lic atterntion was (lirecte(d upon imiagic
mirrors. I say fortunately, because his op)inion, being
that of a celebrate(d man, might have le(d us astray. The
first French phvsician who exanmined a magic mirror,
lPerson, immiiedliately (liscovere(d the true soluition of the
problem. In the first place, he foun(d that the polished
surface of the mirror was not )erfectly convex, but onlv
so in certain parts, corrcspon(liig with the lin1es of the
figure upon the reverse. In the p)ortions corrtspon(ling
to the relief, it Nwas alimost flat. 1ays of ligh,t etflected(
upon the convex parts diverge, and( f)rodluce but a faint
imsage. On the contrary, rays rellecte(d 'upon the flat
portions retaini their pa;rille'lisn, a(d l)ro(luce an imllage
which is very intense. TIhis is why the ornaments in
relief appear hbilliant upon a dlark backgrround.

'T'hiis irregularity of the surface dpend(Ips of course upon
thmtitithod of fahtib ;iticn. \hewn takcn oit of the east,
the' iii ii:or pitesi' its tIlta of a fl it ci k.I-&1c fore
hc'iii8 poclif tecd it is s,a ift1lef (in T'1v\r Otw'le of' the \void
\Vilh a polt,ited ilt tllicellit, t4owit' I it cittitll11f ottels
iore ic"'i',tuice in 1hc 'iltii'kfct'tfcttih thtit, tlticiTl, ii

olieti'tiol 1ti.1e'c it it fiti'ht.li ytf t'tc l'I'c, .c1u1 1,, th
cliastic 1cIcitiollcotietict(A it hecicoiccs c0ciViX IfT111
convexity is muote selisiblif ill tie tfnili plcist inll ill tlhose
corresponding to the relief of tile design. 'lfie mirlor is
finally polished withlia whet-stone, tlhen vith charcoal,
w*hich muist frequently (lestroy the irregularities which
produce the mazgical effcet. 'rhe surface thius becomes
perfectly simiootlh, but generally one cr two cavities can
1)b. fcotind(l. 'I'lute mianufacturer illfs tilhese in withl halls of
copper which lie has 'eady(ly pieptred a iccl of all dilicn.
siolis, and wilichi lie afterwards ruhs and polishies uiitil
hie thlinks tl,.' -ire invisilule to the naked ey,e. An cx-
pectation, ho)wevcr, wliicih is but iniii'erfctCly realized,
generally speaking. 'I'li'f enItitrc surfIace is thien' rubfwld
by hand with an amialgani coniposed of ccqual piortions o)f
mercury and tin.

Suclh arc the details of the iiianufacture of mnagic mir-
rors. It is easy to see that they (fuite agree with Person's
explanation, but thie latttr has onie objection. Ilow, it
will 1be aske(l, can the surface of tlie nci rriir he intrrgular
withoucit this lhcing apfIcarcnt inl tlit ivigcs it reflects il a
cliffl'sed lighlt ?

I luw\evic\ r, tlIcs ofijectiin is renoiecdl whfii we colnle to
consi(ler the rfacts attentively.
A mirror wvith at perfectly regular surf'ace is an excee(-

ingly rare object. liere, for instance, is a flit, metatllic
mirror emf)loyed in astronomiiical observations. The re-
flectionis it gives aire very good.

Ilere also is a silver plaque wlhich reflects in a manner
equally perfect. If however, it is mla(le to reflect an
electric light, we can see clearly that the surface is not
unifornm, for ve are able to f)erceive, so to speak, every
blow of the hamimer vhich it receivedl during- the process
of manufacture. Hlere is one of those little roun(d nlir-
rors whiich we buy for a few penniiies at the bazaars. It is
excellent and extremely serviceable if you (lesire to comlb

your beard, but detestable if you wish it to reflect light.
13y means of these examples you can easily see that all

our comnmon nmirrors are irregular and reflect light imper-
fectly, although forms can be reflected by them very
well. These are true magic mirrors, only the image re-
flectedl is as irregular as the mirror itself, while that of
the Jap)anese rnirror is regular like the curves of the sur-
face which pro(duces it.

But are we (luite certain that the flat and the convex
parts of an irregular mirror reflect a sufficiently variable
amount of light tonmake them quite distinct, one from
the other. Let us see:
Here is a convex mirror, the sumlmit of which h^..

been planedf off, making a flat mirror in the iniddle of a
convex one. I will nowv reflect it upon the the screen by
means ofan electric liglht. \ou see the central portion
is a very brilliant (fisik whiuch shows that the flat nmirror
rellects the cyflinl!ric portion. Around it is a black circle
in wlich there is nio liglht at all. Th1lis is the space be-
tween the cylinder and a sort of funnel which contains
the lig,ht retlecuc(e by the convex mirror. This light
formns around the black circle a grayish ring of feeble in-
tenlsity an(f (cuite distinguishable from the white central
dlisk. The (liflerence wouldl be much more marked if
the two lights vere closer together.

I lere I have another nirror which is flat. To the middle
of it hats been attached a convex lens. 'T'he wlhole hlas then
b)een silvered. A eftlcctinig light you see, shows us up-
on the screen, a large spot nearly black surroun(led by
a brilliant ring wh'liich hasanother riiig around( it of a gray
color. '1'hc centrec and the ring,s about it are produce(d
by thle reflcctionl ulpon thle cen;tral convcx lens, across
which cnoiwts the cylinder foiriimed by the reflection upon
thte flat iiriror.
Tle variation in initetnsity of the two reflections is enor-

m.tis, puiticuldatly icc tlht entre, which only appeirs
hl.dwk 1iy cocil.tSt. Floi of coiuise iliceu is just as imuheli
Ii lit tifidit1 tii' cicit0 iidik as upoii titc' cudgcs. \\e
occicw thst1 it is t e.ll ftitlilcictls fic,t'we lcanest upoll it
tl,' 'hitwllt-w i n11 1p)I1ft hoiv.

It 1fcc. 1fcc I,ci I Iltc p, tiltitacl litist t'.tel to you, flit '-l
fote, thfit thlte ci('11'5011spll tih' strfice of tlie milllOit'r pro-
dIuce ineqfualities of markeul intenisitv when retlvcted.
Yotu have, however, a perfect right. to remain in doubt as
to Person's theo()ry, b)ecause in all magic mirrors, these
irreg,ularities aire verv faiint, being almost invisible to the
nraked eye. Altuhough P'erson hlas endeavored to sustain
Ihis theory by dlirect oblservations upon the surface of hlis
iirro)r, it was necessary to supuport it still further by
iacln 1tew exp)eriments.
\n Itali in sazu'ae, M. (tovi, has undertaken this task,

andl ill 184 a,nd 18S65 prvser ted two papers uf)oni thie stub-
j(ct to the Academylly of 'I'lrin.

'fllue first olle cocintains several experimfents nm-ade for
the furp)ose of upholding Person and utterly (lemiiolishing
IIrt_wster. HIut Ilrewster was (letermine(l not to give in,
andi after having translitedl M. Govi's article tor the
SCiw/tyfc R.zc'iew. he followed it uf) with a quantity of
rcm;u'ks antI ochtcections which he certainly never wvoul(
hi:i' ,micfi haId 'he cvc' beten forttllnate enouigh to hlili(
a, ucutgic] ucircir i,, his hl:uils.

lIc st iiciiity of t hi' illist rimius 'cotchll phiysii'i.tl 1hf1 a
Vcti "i)d rcsuiltl, foi- it inciitcil M. (Covi to seek newl' lcroifs
andci)btaini a suttet riotind tIan ever for hiis opit i In
this way lie conccived( the idea of niaking the niiost imii-
p)o)rtant and Iiost cuiriouis expei-inient \ chich hadl yet been
seen in regardl to metallic imirrors. HIe thought that by
he,ating the mlirrors oni the back, the warnith would take
effect sooner up)on the thinl p)arts tlani upon the thick; that
the foriiier wvould become miore convex, and thlius the
magic p)rop)erty wvould increase in stici rrii-ors as alrelady
)pissessedl it in soinle (degree, and might possibly be p-ro
IluIcei ill those which Were nlot Ill.l'riC.

IH1re is Gen(eral T'i'cissier's niirror you have alreaidly
secni that it was sli-lhtly lila-ic-I slhall inowv have it hieated
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b)y means of a gas light placed behind it, and-you will im-
ni(liiately see that the magical effects become more in-
tenise. It develops 'by degrees an(l pro(luces nearly all the
forms and images wvhich are on the back, quite perfectlv.
Yoou observe that the great (luantit of smiiall figtures whichl
acre in btht slight relief are not visible, vhile all the others
of pronounced relief are clearly brought out. This fact
is an imlportantt one. It shows us that we mutst look for
mingic nmirrors only among those having ornaments in (le-

ci(ld(e relief upon their backs. Y'otu mluist als6 kiowv that
tlhev are niot to be found(I amiongr very thiick mirrors. Thie
experiment is still moi-e stuccessfuil withi this Jal)anese
toilet miirror.

'1he tirst experiments, after reatlinlg MI. Govi's papers,
we>remadelilbdey MI. Ayrton a;nd( myself, as we (lesire(d to

l ify the investigation of the Italian sava(tnt beforepubc-

lisling tlhellm, and at the same timlie stu(ly thoroughly this
'erv interesting slubject, hoping, that we mightlie able,
p(rlal)s, to reIWrdodce lie mirror in France instead of imi-
portilln mllro mlt tlte extremlet EIast. Youl muiiist bear in
llind( tilat we hul but olne miurrolr at ourt discositiol

tlIlnt one but slihth Illyagic. beloldt,1lo D. I )-howvski.
\\e lganl by heating it as t shall Show otupres\n11t 1y. I Ivre
is the nat ural mllirror wvhich is hardlyni1i aical at all. You

Se( lete efctl is pirodItucet. illpro)oportio to the am,ount Of

lciat employed. Ileat applied to sev\eral otlher Japanese
nrir-o-ris I)ought in IP'aris oi; borrowedl i forin colle-ctors 1)lo-

(lulced( a imiagi.cal effect upon thlenii all.
These exp)erimients ere reel)ate(l by uis very oftei. Bulit

it was niot long before wve (liscovered the inconveniences
of the heatingm,retlhodl. First of all, as it is extremely
(liffitiult to p)res(rve an eq(ual degree of warnth upon l the
cIntire surface. 'e'lc Image is rarely perfectly r-egu laIr
tlheni the mirri or itself is somewhat altered. 'T1l reverse
becomes covered with a bronze iri(lescence wlhile the sur-
face loses its polislh because the heat (lestroys the amiial-
gmin wlhicli covers it, the mirr or loanie(d to nme was in a frigh t-

fulcoIi(litioi wheln I returned it,but it wvas finially l)ut in or(ler
agIain. 'T'lic spots upl)Onl the hack wvere remioved(l by aIcoating
of slightly acidulated wvater, and theal ialgallatiol Il)lrace(l
by nlickel plating which made a. mllore perfect and (lurable
l)oish. IBeforre giving it back to its owner, hlowev\er, We

Ilad numlelrous copics mnade from' it, and it was onie of
these wvhich I showed yotu a few imiomen(llts sinlc.

'Ihe disadvantages of heating made us won(tr if the
samne effcct could not be p)roduce(l by a (lifferelnt method,
and( we thought of l)ressure. Ml. L)ubosc(l solve(d the
pro)blemn. by means of this box. Y'ou see it is not thick,
an(d is of the precise (liamiieter of the mitror which is
attached to the upper part by an iron rinig and one of
In(lia rubber. The under portion is closed and provided
with a spout atnd( plug whiclh it conniects with the little
had(I pump well known as the Gay-Lussac. This pump
inh;ales on one side, and exhales on the other. If we at-
tach an ln(lia rubber tube to the spout, on the exhaling
side the movement of the piston will compress the air
behind( the mirror. 'We will now try it.

Tlhe mirror becomes more convex and the image
wi(lens. The thin portions protrudle more than the
othtrs an(d the magical effect grows more an(I mlore pro-
nouniced. It will be (quite complete when the pressure
attains two atmospheres. WVe have it now! You see,
the effect is perfect. It is certainly much finer than any-
thing ,NI. Ayrton has shown us,although his experiments
astonlishlel us so mluch.

\Ve can also prodluce an inverse etlect, by attaching
the rubbcr tube to the iinhaling s)out. Tlhe actiotn of the
puill) will remove the air beneath the mirror, whichi will
becomle less conivex an(d you see the luminous (lisk con-
tract. The thini portions corresponding to the outlines
of the design will yield more thani the others, becomiie
less convex and perhaps concave. They will reflect more
light and we may see a new image appear which will be
the exact reverse of the preceding. That is to say, that
the parts in relief fwill appear black upon a white ground.

This is a xwgatie form of the first, in which we saw
the relief traced in white upon a black surface.

hM. Dehoscq made many other experiments, one of
which I will relate to you before I conclude.

I wished to go still further. I wished to have a cast
taken of the mirror while it is magic, and make a
galvano-plastic deposit in the mould so that we might
have a magic surface instead of a mirror. WVe trie( this
three times. The plaster moulding was very successful
an(l the surface mnagic, but the galvano-plastic deposit
wvas a com)lete failure. If any one here among my audi-
ence can give me any advice uplon the subject I wxould be
most grateful.

Gentlemnlcel, I hope sincerely, I have been able to in-
terest you in this newv subject of magic mirrors. If I
have succed(le(d in making my meaning throughout, clear
to you, these mlirrors will no longer be a mystery, and
you will have seen once more how Science, by slow but
sure efforts, is finally able to explain an(d rel)ro(luce phe-
nomlna, which at flrst sight seemed( nmiracles, always
provided that the l)pheiumena are real and(l niot mlere
ph;intoils of hutlli.-Iai cerldulity.

..- f

RE.CEN'T' SURG(;ICAL CASE..

'lhe following case. which, in somie respects, is similar
to that of President Garfield's, may be read with interest
for the purpose of comparison. The man was sent to St.
Michael's Hlospital, Newark, N. J.. where his case was
consi(lere(d hopeless at the date of his entry. WVe are in-
debted to I)r. II. C. 11. Ileroldl for a copy of the4ollowing
report:

(eorge Freund, age 36, Germa;ny, ex-policeman.-Ad
mitte(d to 11osPital July 4th, suffering from bullet wound
of chest. The wound was pro(luced l)y a 22-inch calibre
pistol, an(l situated an inch an(d three-quarters below and
hnlf an inch to the left of the left nipple. When seen
half an hour after a(dimsission his pulse, temperature and
respiration were all normal. On examining his lungs the
)ercussioln note wvas normlal. On auscultation. ratles were
hear(d over both ltings, resultinig fromii chronic bronchitis.
lie is subject to attacks of asthm.ia Hleart soun(Is tior-
miial. Ordered one-(luarter of a grain of morphine every
two hours uintil sleep) was obtained.

July 5.--Morning. Passed a very restless night, not
seeming to feel the effects of the morphine. Tempera-
ture, 102; pulse, 120; respiration, 32, and very labored.
It was ascertaine(l on examination that he wvas suffering
from an asthiimatic attack. He has had no spitting of
1)loo0( and no sign of any lung trouble. Ordered grains
x of io(li(le of potash, thiree times a day. July 5.-Even-
ing. Complains of great pain in the vicinity of the
wvoun(l, extendingr toward the stomach. 'l'emperature,
i02; skin feeling to the hand cold and covered with a
clainmy sweat. lPulse, 8o; quite feeble and coml)ressi-
ble, interimitting at every second beat. Respiration, 30 -
not labored, having recovered from his asthmatic at-
tack.

Juli 6.-Passed a very restless night; one-eighth grain
of morl)hia given every two hours; temperature, 103;
pulse, 11io: respiration, 40; labore(d an(l sighing; slight
heinorrhiage fromi voun( ; all pain left him.
JulY 7.---P;ssed a (luiet night, sleeping very well; only

one-eighth grain of morl)hia a(ilministere(l ; tenmperature.
io0 ; lpulse, io6 ; tespiration. i8; slight lhiemorrh;age from
wound ; expectoration of a sputa which looks very much
like laudable pus.

July 8,-Slept quite wvell, taking one-eighth grain of
morphia; complains of some pain in vicinity of wound;
hemorrhage from woun(l ceased; has taken no foo(d
since a(lmission, being sustaine(l by stimulants, beef tea,
milk, etc.; temiiperature, 102; pulse, I 15, (luite strong, in-
termitting at every fifth beat; respiration, 26.
July 9.-Very comfortable night, taking only one-


