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snccessirc anel conti~inous reaction the fila- 
nlent will be ilcstro~ecl cren tl~ougll the 
qnantity of o~j-gel1 gas left in the globe was 
\-cry si11:ill. I t  is, lioncvcr, to be reinembered 

5 that :lltllough the poteniial diflcrence of the 
cnrrent n-itliin tlie carbon filanmlt causes a 
successive and rene~~-eel chemical reaction 
within thc globc with reference to CO anel 
CO,, so as  to caasc a final destruction of the 

10 filalncnt, said reaction 37-ould for otller rea- 
sons take place ill spite of saiG potential dif- 
ference and, in fact, takes place n-ithin thc 
globe in addition thereto. I t  is a fact n-ell 
k n o ~ ~ - n  to every chcillist that CO a t  n certain 

15 lon-er teinperature-for instance, v-hen pass- 
ing through a red-hot tube-is decomposed 
into C0,-C(2CO-COL=C), and that CO, a t  
a higher temperature in tlie presence of car- 
bon coinbines thcrc\vith, giving as a resnlt 

zo CO(CO,+C)=SCO. Now the coilclitioils for 
both of these reactions are a t  h2ncl within the 
incandescent globe where a quantity of air 
has bcen left. Tile CO forniecl in the globc 
froin the osj-gcn ancl carbon is a t  a clistancc 

2 j  from tlie ca~.bon filanlent, where the lem- 
perature correspoiids to that a t  n hicli t!le be- 
fore-mcutionccl dissociation t : l l i ~ ~  place, con- 
tinuously 1ransformed into CO,+C(ICO- 
C02=C), ~ \ l ~ e ~ ~ e n p o n  the carbon (C) is dc- 

30 posited evcq-n-here \rithin thc globe-for in- 
stance, on the glnss~i-all-n liile tlie CO, again 
attacks the white-hot carbon filament, com- 
bining n-ith a fresh equiraleat thereof to form 
CC(CO,+C=3CO). Thegradual destruction 

; j of tlic cni-bon filmneat in ail i~lcandescent 
globe \\here a little quantity of air-that is 
lo say, oxygcn-has been left behind is tliere- 
fore clemoi~stratecl bej-onel doubt,, even when 
no acconnt is take11 of the reaction in thc 

.lo same clirectiou caused bj- the potential differ- 
ence of tllc current nithin the carboil fila- 
~nent .  It coilseclueiltly f o l l o ~ ~ s  in the innan- 
facture of ii~canclesceiit lamps that in ordei. 
lo secure their durabilitj-, first, every trace 

4 j of oxygen or its gaseous combinations m~ist ,  
if possible, be renlo\-ccl froin the globe. NOIT 
llle smile successii-e clestruction of the carbon 
filament cansecl by :und just described with 
reference to oxygen remaining in the globe 

jo  is equally and in a sinlilar or corresponding 
\ray causcd by all other gases llcretofore re- 
caldeil b ~ -  inventors as inert. That  nitrogen, 
whose clieinical affinity to other elements is 
highly increascc1b~- lwtt ,  cml a t  ~ h i t e  heat di- 

j j rectly co~ilbine with cnrbon has alreaclp bee11 
proveil to be a scientific fact, and illy O J T ~  

ill\-estigntioiis on that subject tend to prore 
that the direct ehcmical reaction nitli car- 
bon of saiel qas is quitc energetic a t  vliitc 

60 Iicat. 111 carbon filaments made from \ - c~c -  
table fibers aud containing alkalies aacl sili- 
con the colnbinatio~~ of the nitrogen wit11 tlie 
carbon is highly fiwilitated bj- the predisl3os- 
iilg and intermccliating action of said sub- 

65 stanccswitil ~.eference to the rcaction in qnes- 
tion ; also, the pi esencc of watery vapor (IT,O) 
acts in tlie s a ~ n c  clirection. The carbon-ni- 

trogcn and carboi~-i~itrogei~-1~~clroge~1 corn'- 
binations CN mlcl CKII (by rene\wd deconi- 
position and rccombination) rcsliltiiig Iroia 70 

said reactiou thereafter causc the same sue- 
cessij-c ilcstrnction of the c:irbon filamcut 
as described with reference to the combina- 
tion of oxygen ~ i t h  carbon, (CO and CO,.) 
TTre arrive, therefore, a t  the second coacln- 75 
sion with refcrcncc to an i~lcailclescent 1:mp 
in \i hicli a carbon filaincnt is used : The last 
traces of nitrogen aud its gascons coinbiila- 
lions ancl watery vapor (ITLO) must also, if 
possible, be re111o.i-eel from tlic incandescent So 
globe, ancl in aclclition to this the carbon fila- 
ment must be pare in the I~ighcst degree, es- 
pecially free from a11i:bli or silicoii combina- 
tions. lIoreo\-er, hj-clrogen atid carljon can 
under tlie i~ifluence of the electric current S j  
directly co~nbine ~ i t h  each other, and I Iliive 
found that this takes place to a 111ucli larger 
extent than sciciicc liei'etofore seems to ~ ~ L V C  

ascertaiiiecl. As soon as il 11~drocai.bon has 
been Cornlecl in this way wilhin the globe it gc 
xi11 by clissociation and rccombination cause 
the same successirc destruction of tlic carbou 
lilmncnt as clemonstrntecl with respect to tlic 
oxygen and uitrogen co~nbi~~at ions .  In the 
same way as oq-gcn, nitrogen, and l i ~ ~ l r o g e n  g j  
gas thus prove dcstrnctirc to the carbon fila- 
merit ~\itli i i l  the globe so lik~visc all their 
gaseous coinbinations are not inert n ith re- 
spect to the carbon filaincnt, and the inr-en- 
tors who claim a~uii~oninin gas or h ~ ~ l r o c a r -  I C O  

bon gases as inert are as far lroiil being cor- 
rect as  those who wo~llcl claiiil such quality 
for CO or C02 or IICL or 131-11. The only 
gases \\hiell seem tlieoreticnllj- snitable are 
perfectly dry clilorin or broiniu gas, b u t  so far 10; 

as I am a\v;lre they l i w ~ ~  not heretofore been 
used. I t  results from this t11nt for a clefinitc 
and practical solutio~i of the problem of pro- 
ducing n reliable and i1ur:tblc ir~candcsccnt 
lninp the carbon lilanlent heretofore used by I 10 

i i i rento~~s ~ u u s t  either be replaced by a snb- 
stance n-hicli will not form gi~scous cuinbina- 
lions v i th  the gases remaining n itlliil tlic 
globe, or IT herc the carbon filaulent is 11se~1 
said filament must bc inadc perfectly pure, 115 
free from metal salts and silicon combina- 
tions, and tlie inclosing racuunl globe  nus st 
be inacle praclic:~lly lxrfcct-tliat is to say, 
free from objectionablc rcn~nius of destruc- 
tive gases. 1 2 0  

JIy invention consists in illy various aud 
conibined incans oi: sal'.slying these condi- 
tions, tlie varions processes and opcratioils 
cmplo~ccl in mannfacluring rny lamp, the 
novel apparatus and 1)ai.t~ thereof uscd for I 2 j 
said rn;~nuf'act ure, ancl the various f o r m  ancl 
novel featnres ant1 parts of the lamp resnlt- 
iug from said ~nanuf::cture, as liercinaftcr 
further spccifiecl and clni~necl. I n  ca~~ry ing  
out illy iar-ention I inclose ~vitllin a globe rgo 
lllilde of glass Or chiefly of glitss or of other 
substance a s ~ r i p  or fil;tinc~~t of pure or puri- 
fied cm*bon or of titmiiuni, :!irconiu~n, tho- 
rium, c l ~ ~ ~ o ~ n i n m ,  tungsten, molj-lvlenum, 



taatali~un, or niobinm, or of infusible con- 
ducting conibinations of the l a t t e ~ ,  eight (8) 
substmces inut~mlly or respcctirely, thereby 
l~roricling inems for ontsiclc electrical eon- 

5 nection through the globe with the cnds of 
saicl strip or filainc~lt. The globe is tliereaf- 
ter exhausted, so as to remove from the globe 
objectionable res id~~es  of air or gases previ- 
ously contained in tlie globe or introduccrl 

10 thereiu clnring the exhausting ogcratioil it- 
self. Especinllj- when the carbon filauicnt is 
nsccl a small q~~ant, i ty of alkali metal or 
lnctals is (either previously to or clnriug the 
exhansting operation) introclnced in or left 

15 within the globe, so as to remain therein af- 
ter its sealing, and saicl scaling of the; globe 
is afterward effected, so as to liertnetically 
close thc globe. 

Eeferring to the accornpanyiug drawings, 
2 0  Figures 1 to 9 represent s e ~ t i o ~ i i ~ l  \-iews of 

various forms of 111y l i l ~ l l .  Figs. 10 and 11 
are sectional views of globes for my lamp. 
h'igs. 12 to 1 S  are detail vicws of Fig. 10, 
showing rn~ ioas  Forms of the part zc thereof. 

25 Bigs. 1 9  to 2 1  illustrate the assembling to- 
gether of the parts of a lrt~i~p. Figs. 22, 83,  
21, and 25 arc tletail views of part b', c h . ,  of 
Figs. 1, 5, 2, and 4, respectively, showing clif- 
fereat IV\ ' :L~S of arranging ins~ilating ancl sed- 

30 ing the "lcacling-in " condnctol~s of my lamp. 
Vigs. 26, 27, 2s) and 29 are illustrations of 
various lnoclifications of parts d' and el, Wigs. 
26, 27, and 28 also showing various nicans 
lor connecting the incanclescent filament to 

35 its pole-conductors. Big. 30 represents an 
appavat~is for rcmoving the air from tho 
globes and supplying allmli metal thereto. 
Fig. 31 is a detailed view of part S' of Big. 
30. Figs. 32, 33, sncl 34 represent successive 

40 steps in the manufactu14e of a lamp ~7~hich is 
to be afterwarel eshallstecl and linished. Fig. 
35 is a partial side view of Fig. 34, showing 
the form of the scalcd neck of the globe. 
Vig. 3G is a section view tllroiigll said necli. 

45 Fig. 37 is n section showing one metliod for 
casting the ling upon the lamp-ncck. 

The principal forms of my lain11 are the 
followiag : 

First. O x  form wherein the neck of the 
5 0  inclosing globe is nleltecl or fnsed to n metal 

ring surrou~lcli~ig tlie same, said ring thereby 
being 1rermetic:~lly sealecl to tllc globe, where- 
upon a metal stoppcr car~$ng the incandes- 
cent boclj- and the insulated pole co~~nections 

55 thereof is by soldering or clectroplnting lier- 
mctlically sec~~rccl to said rilig, Figs. 1 to 5. 

Scconcl. Another form wherein the neck of 
the inclosilig glass glabe is Pusccl to IJTO glass 
tubes, in the encls of wiiich the metallic pole- 

60 conductors cntcrillg the: globe 2re hermet- 
ically sealccl 1 . ~ 7  fnsion of the glass, the seds  
a t  the s;unc tiiue being protected from frac- 
turc by suwou~iding metal  sings sccurccl to 
the scals a t  both ends of each tube intimately 

65 a11cl by fusion, Figs. ti and 7. 
Third. A t l l i ~ ~ l  form ~ ~ l i c ~ . c i n  the neck of 

the inclosing glnss globc is fnsccl lo glnss 

tnbes into which the condnctors entering the 
globe are hernictically sealed, but where the 
seals are M ithout outside metallic protection, 70 
the metallic concluctors consisting insteacl of 
a metallic composition which has the same or 
approximately the same eqnnsion for heat 
as glass, Figs. 8 and 9. 

Referring to the first of said forms, Figs. 75 
1 to 5 and 1 2  to 18, zc is a ring of metal. To 
this ring I either secure an interior glass coat>- 
iag, preferably by dipping the ring clown into 
a melted glass bath, wherenpon the neck of 
the globo is fused to said glass coating insicle 80 
the ring, or I secure the ring to a glass-blower 
pipe in such a way that the ring mill serve as 
the opening thereof, whereup011 the globe is: 
directly blonrn out from the ring, which is 
thcreby a t  the same time secured and her- 85 
inetically sealccl thereto. To accomplish this 
result, the ring ZG is fastened into a, glass- 
blower's pipc adapted for the purpose, mhere- 
upon the ring is clipped into a glass bath, and 
the globe is thereafter blown out from the go 
ring. Tlle rjng zc I preferably makc 01 ten- 
sile elastic mctul and so thin that during con- 
traction in cooliilg i t  will stretch rather than 
crush its inside glass coating-that is to s?y, 
the ncck of the glass globe extending therela. g; 
IIowerer, T\ hen I use metal coinpositions of 
approximately the same expansion for heat 
as glass (said compositions being prodneeel 
by alloying metals of greater expansion from 
heat than glass \vit,h metals or elements of roo 
which said expansion is less than that of 
glass) I can withont incoiivenience use rings 
of any desired thickness. As metals used for 
the thinner stretching-rings I quote, for ex- 
ample, soft iron, steel, alnmiaiom, nicliel, sil- 105 
ver, al~~nninituln copper, alnn~ininin silver, 
copper zinc, (brass,) and others, and as corn- 
positions of about the same expailsion as glass 
I cite iron, alnniini~~m, and any of the semi- 
precious ~netals of higher melting tempera- I I O  

Lure than glass in proper combin:~tion with 
silicon or other elements having less expan- 
sion from heat than glass-for iustance, os- 
mium ancl arsenic. 

Figs. 12 to 1S show -\-arious forms of the 115 

metal ring zc scaled to the respective globes 
x, the horizontnl grooves ?J and the vertical 
ones .i being made in sonle of them in orcler 
to make more solid aucl inclestmctible the 
seal between said ring and the glass. 120 

In instances where for the evacnatioii of 
the lanip the eshanstion is directly appliecl 
the inclosing globo rc can be without the glass 
tube CL', but in most cases the glass tnbe a' 
must be attached thoreto, so as to commnni- 125 
catewith the interior thereof, Big. 10. When 
the metal stopper b', Fig. 19, carq-ing always 
the carbon filmnent c', with the pole-conduc- 
tor d' ancl their insnlators el, and in most cases 
the tnbe a2, has been introclnced in place into I go 
the neck of the inclosing globe x, Fig. 20, and 
hermetically securecl tliereto by solclering or 
electroplating, the Iani~p, as s h o ~ n  i11 Fig. 21, 
is 1.cai1y for cshaustion. A tube n2 is usually 



adapted to tlie plug b' in order to sen-e dnr- 
ing saicl process of eslixustioii. It is either 
made of glass and is then liermetically sealed 
by fusion within the plng O' ,  so as to form a 

5 tubular conduit tl ie~~etliro~igh, Figs. 22  and 
24, or i t  may be made of metal and is the11 
screwed in placc n-ithin b' and soldered, so as 
to herlnetically unite therewith awl so as  to 
form a tubnlar colltiliuation of the hole or 

10 opening in b', Figs. 23 anel 25. In  order to 
facilitate the solclering or electroplating, the 
extension f' of said ring 7 ~ ,  Fig. 20, may, in 
order to secnre b' to ti, carry a screw-thread 
g', into n-hich a corresponcling screw-tlmad 

15 groow on the plug b', Pig. 2l,engages,n.hereby 
saicl plng may be scren-ecl tight to the globe 
before said soldering or electrol3lating. 

I11 Figs. 1 to 3 ancl 22 to 25 are s l io\~n tlie 
c1iSfcrent ways in ~ ~ l l i c l l  tlie leailiug-in con- 

2 0  ductors cZ', i~iteiicleil to carry tlie iiicandesccnt 
filanient, are insnlatecl ancl how said conduc- 
tors are arranged in order to secure connec- 
tion from the exterior to the interior of the 
globe and n-it11 said lilainent. 

2 5  In Figs. 1, 3, 5 ,  22, and 23 the laeta1 plng 
b' itself sen-cs as  one connection from thc 
exterior to the interior of the globe, onc of 
tlic conductors d' being directlg- coiinectecl 
thereto, nllile thc other vire  o~ conductor 

30 enters the globe tlirougll a fused hermetical 
glass seal c', the latter being either short ancl 
usnnllyiuclosecl within the plng b', as in Figs. 
3, 5, and 23, or estcncling r~i t l i in  the globe as 
a tube, Figs. 1 ancl 2.3, one end of n-hich by 

35 fusion forlns a lierilletical seal with the eii- 
tering conductor d' and wit11 the metal of tllc 
plng b', thereby a t  the same time iasulating 
11' allel d' from each other,n hile the other encl 
of said tube is by fusion lierineticallj- sealed 

40 to saicl conductor d' \ ~ i t h i n  a snrronnding 
protecting metal ring 71'. 

Figs. -1- and 25 illustrate one form of m y  
lamp in wliich both the lending-in conclnc- 
tors cZ' euter tlirougll and are insulated from 

45 0' by fusecl short glass seals e'. Figs. 9 micl 
04 shon- anotlier form n herein both of said 
concl~ictors (1' are hermetically sealccl by fu- 
sion within glass tubes, said tubes of course 
being also l~ermcticallp sealecl by fusion in 

50 tlie former case to the ne?k of the globe, in 
tlie latter to Of. Tlie entering conductors 
can of couyse be of m y  clesirnble size, as the 
solid way, in which tlie seals are protecteel, 
eitllcr by b' or by 71', or both,\\-ill prevent ally 

jg fracture of tlie seals. The arrangelucnt with 
the prolecting-ring 71' is therefore a very im- 
portant feature and a great iu~provement 
npon lamps heretofore iurwitccl. I t  is here 
to be obserrecl that v-hen I use entering (1 coli- 

Go cluetors of the snmc expansion for lieat as 
that  of glnss tlic dcscribecl protecting-ring 7 ~ '  
around the seals i11 the upper encl of the glass 
tubes e' cxii be dispensccl ~ i t h .  

In  Figs. 2G to 09 is illustrated one modi- 
65 fication of the sealing glass tube e', on which 

pro1 ecting ineta1 rings 7 ~ '  are nsed arouncl tlie 
seals a t  boll1 ends of tlie tnbc. Snid tubes 

arc to bc used in the secoilil form, Bigs. G and 
7 ,  n-liere both tlie sealing-tubes e' as ~ c l l  as 
tlic tube na arc all sealccl by f~lsion anc1 di- 70 
rectly in tlie glass of the neck of the globe; 
but as tlic upper ring 77~' is also uscd in tlie 
for111 herein first referred to reference limy 
liere be in~cle to the rnrious natures of tlic 
seals protected by said ring 71', as illnstrateil 7 j 
by correspouding figures. 

In Fig. 26 tlie glnss tabc e' is scnlcd n~nouncl 
a tubular metal conductor (1'. Said tube is 
made of elastic metal-for instance, spring- 
steel or ot1ie1.s-in ordcr to allow an elastical So 
compression of said t l ~ l ~ n l a r  co~lcluctor rather 
than the fracturing of the glass tube and its 
protecting nlelal iiug 71'. Uoth ends of said 
tubular conductor arc, of course, propcrly 
and liermetically sealed by proper not e:lsily Sj 
fosiblesoldcring co~nposit ion it--for il~stance, 
zinc-silver or zinc-brass. 

Fig. -07 illustrates one ~il~clificatiou wherein 
the glass tube e' is sealed at  both ellds nromlil 
a cond~~ctor  dl, ill both enck of 11-1iich latter 90 
are clrillecl tubulal. cavities 7;' for the snmc 
purpose of inaliing the seal uilder h' clastic, 
as just describeel 77-it11 reference to Fig. 26. 
Said cavities 7;' mag also be scaled beyond 
tlle seals \rithin 71' \T ill1 the ~nc ta l  cou~posi- g j  
tioii it, in order to lcssen the resistnncc of the 
condud or d' in question, n hcrebj- also tlie 
lieat elm-clopccl a t  tlie seals uiiiier 71'  ill bc 
less. 

Fig. OS illusirates aiiothcr ~nodification, I O O  

where e'is sealed a t  both cnds around a solid 
nletnl conductor (Z'and\rhcre for that reason 
the protecting-ring 71'aro~u1il the seal is uladc 
froin metal of great teusile stiaength-for in- 
stance, steel, iron, ckc. 111 order, ~ O T T C T C ~ ,  to 105 
make the tcnsilc strengtli of saicl ring 71'still 
more considerablc and the seal thereunder 
still more reliable, I also use the modified for1i1 
of the glass tube el, as  representecl in Figs. 27 
ancl 29. Said tube e' is there contracted to- I I O  

ward the ends, so as to makc tllc glass body 
of the seals aronncl the coiiclnctors d' rcla- 
tirely  cry suiall. A t  the same time I can 
increase the tllicliness of the ring 77~' I\ ithout 
i~iconvenience, tliereby increasing consicler- I r 5 
ably its relative and absolntc strcngtli. 

The coniicctioil of thc upper ends 01 tlic 
conclnctors to the carbon filanient is secured, 
as slionn in Figs. G to 2s. The euds of the 
c:~rbon filauieiit linring previously been elcc- I 20 

troplatcd ~ r i t h  metal and therenfter carefully 
washed in distillecl water, so as to fully re- 
m o ~ c  remaining metal salts from the clectro- 
l ~ t e  usccl, and dried a t  "5" Fahrenheit arc 
thereafter introduced into the forlied ends I' r z  j 
of said emduetors tZ',-\rhcreupon said ends 1' 
are cautiously pressed together with a pair 
of pliers or other suitable i n s t r~men t .  

I preferably use carbon Iilan-~euts elcctro- 
plated on tllcir cuds with alumiuium 'i\ llerc 130 
the coniluctors d' are ~nacle from alnniini~~in,  
electroplr2ting x~i th  iron when steel or iron 
conclnctors are nsed. In  ollier cases tlic ends 
of the Glaiiicnt, as  veil as those of tlie con- 





of the conduit k2,  with the resscl 7" m(1 this 
latter 1-essel, throng11 the upwardly-cur1-ec1 
end tube 7t12 mid the rubber tube 7l2, is in her- 
metical connection \\ ill1 the 1-esse1 o< .lie 

5 vessels i2, I< and 02are of about the same him, 
and mealls are pro~ide i l  for raising and lox-er- 
ing the wsscl  o\nt 11 ill, as inilicateil by the 
dotted lines of part of tlie Ggwe. 

ITIien the appnr;:tus is to be used, the mer- 
10 cnry 2)" lsaviiig on top n layer of oil or water 

q2, fills the T-essel 02, and said mercury quan- 
titj- contiilues through the rubber tube n2ancl 
the tube 1 1 ~ ~  up to the line I.? on the otliel. side 
of tlie bend s2, this when oZ is in its lonest 

15 position. The wssel l? lias from liue T~ to linc 
1% layer of a heavy h~-drocarbon uZ-for in- 
stance, anilin oil-and the reniai~ling space 
of vessels l 2  and i2 and the tube g' up to t!ie 
part  ~ r '  is filled n i th that  ml l -kno~vn compo- 

20  sition c2  of sodium and pot;~ssi~un, which a l  
ordi11m.y temperatnre remains fiuicl-like mcr- 
cury. Said coml~osition, being lighter tlian 
the oil, nil1 aln-a>-s float on the top thereof, 
1~1iereby amalgnmntioii of the allialine metals 

25 by the merclxj- is l;rc~-cntcd. The coii~bincil 
pressure of the allcaline-metnl composition v2, 
the oil u?, aiicl the mercury 2~~ m ~ l s t  for the 
height bet~veen lines cc%ncl ec2 correspond to 
the liigllest atmcspheric pressnre or to the 

30 pressure of a mcrcuq-column of about eight 
liunclred ~iiillimcters. The mercury is nsecl 
in the apparatus in order lo ~ w l n c c  the clis- 
lance be t~~-een  lines 1c2 and $5 but  by c o r m  
spondingly lciigtllening the tnbes combining 

3 5 the re spec ti^-e vessels otlier suitable liquiils- 
for instance, oil or the fluid alkali-met;d com- 
l~osition alone-can ~ ~ i t l l  aclrantare be used. 
A The process of exhanstio~i n i& the appa- 
rat us is the follon ing: When the lamlx to be 

40 cshaustecl arc Iicr~iietically connected with 
the apparntus, as  shon-11 and clescribccl, and 
sue11 cpe~l i~ lgs  a t  . ~ ' s ~ ~ i t a l ~ l j -  sealecl, into I\ lliuli 
lamps for one reason or another may not have 
been introcluceil a t  tlie same time the vessel 

45 o2 has been raised so as to Ilialie the alkali- 
metal composition enter the c a ~ i t y  I.' 1113 to 
the line zc" cllry l~yclrogen gas is iatroclucecl 
tllrougli one or Inore of the uppcr tubes of 
the lmnp-globes-for insti~ilce, the t ~ i b c  a', 

5 0  which is connectecl to the rubber tube y2. 
(Slio~vn in the figure.) I t  vi l l  tllcn catcr, 
tlirongll s:lid tube CL' ant1 its corresponding 
globe x, the cari tg r' and the other h1111~- 
globes iis communication therewith ancl suc- 

t;j cessively dri\-e out tiiroupli tlie tubes CL' of 
the otlier globcs all the air fro111 the caritg- 
and the saicl globes, which after a ~ ~ h i l e  n-ill 
contain pure llyclrogen gas. An electric cur- 
1.e11t can thereafter be made to pass through 

6c the carbon filaments of tlic lamps stroug 
enough to ~iialie tl le~n glow ~vitll  rcclclish-yel- 
low light, n-hile the 11~-drogen gas is still nn- 
interrupted by passing tllrough tlic globes. 
r l l l i e  oxygen inclnded in the pores of the car- 

65  bon filnieuts will tlleil combine with the cor- 
responding cquiralen t carbon or hydrogen 
and be canicil off 1 ) ~ -  the Iiyilrogcn gas. 'I'lic 

:nrrent is t1:crcafer t l~ixei l  olF and tlic res-  
;el o"aisec1, so as to ntake t he alkaline-uietal 
:omposition enler the globes and rikc to the 7 0  
ine 5°C the upper tubes lliereof, thelacby 
11iving out  fro^:^ the gloljc tlic liyl~wgen gas. 
I'he tubes ci' are no\\-, by ulenlls of n small 
)lon.pilx-flame, f asccl t o ~ c t h e r  along the liiic 
.2, wl~creupon the ~ c s s e l  o? is again lo~\-ereil, 75 
,o as to ~ u a l x  the ; i l l i i~l i -~n~tal  conil~ositioii 
,1111 out again from the globes, thereby lea\-- 
n g  behind n plaacticallj--coml)Iete wcumll i11 
said globes and so as to sirlli clo~\-n to thc line 
lc%r so far  into tlie tulle y' as to 1n:ll;c tlic So 
:olnbiued pressure of llie different liquids in 
luestion correspond to the atmospheric pres- 
,we. All the tubes n h r c  t l lc~eupon also 
lcrnletically sealed as near as po~sible  Lo tlic 
rlobcs, the glass tubes by being cautiously S j  
tnscd together by ii1e:uns oi' a ljlo~~--pipe-fl;~~~ic, 
1nc1 the metal lubes wlien used bybeiiiji rigor- 
3nsly pressccl fiat to a poition of about three- 
fonrtl~s of :xi1 inch by ~ncans  of a suitable iu- 
jtrumeiit-for instance, n pair of pliers with 90 
long arms or levers. Said metal tnbes 1xi11g 
made frorn thin ilcxible metal-for instance, 
brass, copper, nickel, kc.--rill1 :tn inside 
:onling of soft metal, preferably le:td or lead- 
lin, kc . ,  wil! thereby become 1lcrmetic:tlly g j  
sealed. The lamps arc  no^ detacl~cd from 
111e exhausting apparatus, :mcl the cnds of 
Lhe tubes CI' and n- ontsicle the seals arc re- 
illoTed, n hereupon the lamps :Ire ready to rc- 
ceivo their onlsiclc fixtures. IIecc i t  is to be I O O  

obsei.red tliilt the small esteiision of tlic tube 
$ a b o v e  the bottom of tlic globes is u~ncle 
with the object of causing a sinall portion ci: 
of the alkali - ~iiei~. l  co~upcsition to perma- 
nently remixin within the globe after tlie seal- 105 
ing of the tubes for the pu~.pose 1ia.einafter 
set forth. 

It is also to be obser~-cil that vhen the me td  
tnbo ci2 has been cut a t  the ontsicle end of tlic 
flat seal the edge of saicl seal of the lanip is I r o 
cautiously soiderecl, so as  lo make tlie seal 
safe ancl pcrmai~ent.  The scconcl ancl third 
main forms of 11ly lanlp ~csul t ing  from the de- 
scribed process inay now bc finisheil as  indi- 
cated in Figs. (i and 31, respectircly, and arc I I 5 
then ready for use, or tlic concl~ictors (1' tliercor 
may be connected to an)- suitable outside f i s -  
tnrc for the purpose of f:wilit:lting the nt- 
tacll~nent aud replacing of tlic ln~isps v i th  re[- 
erciice to various electrical plants. Tlic first I zo 
form of my lamp resulting from the process 
I preferably finish as indic:,tecl bj- Fig. I, 
where the cenler piecc C7, macle from 1i:u.d 
rubber, glass, porcelain, or ~ ~ o o c l  treated in  
heated paraffin or other snitable insulating 1.j 

matcria!, is sc rcmd in place, as shon-n, szid 
center piccc having in its lniildle a metal 
scre\Tr c?, in  the center of \\liich is a hole 
through ~ l i i c h  the insnlated couductor d' is 
clra~vu out and by soldering sccurcd to the 133 
screw 6, n liich now will forlii the one pole of 
the lamp, ~~-1lile the metal ring LL of the lamp 
serves as the other. The inodificd form illns- 
tratcd in Vig. f! can of course be connected 



similarly or in any othei8 way to suit conven- 
ience. l'hc characteristic qndities of illy 
1;mp pivclnccd as j ilst (1 escribeil can readily 
be clernoilstr:~ted, refcrcnce being m:tclc to tho 

5 clescri bccl proccclure of its mauulactut.e. The 
space within tlie glol)e is a practically perfect 
vacuum, as the alkali-metal coinposition has 
c1ri.i-en oat e v x y  apprcciablc quantity of gas 
lrom thc globes, and as to reinainiug traces 

10 of gas wllich, xltllough not large enough to 
be seen or appreciated, may be thcoretically 
nclnlittecl, due to the occlusion of such traces 
in the poiw of Ilre nrctal concluctors, the car- 
bon filainent,ancl the allcali-metal coli~position 

15 itsclf,it may bcpositiwly stateel thatthey con- 
tain neither oxygen nor inoistnre-that is to 
say, x-ater-vapor-as every trace of osygeu 
mast h a w  cile~nically combiired with the al- 
kali rnctals, ancl etTery trace of moisture  ans st 

zo have been decomposed, forming alkali 11g- 
drosid anel nlliali-mela1 hydrogen, the latter 
:~ccorcling to the formuln R31T,. Supposed 
traces of free hydrogen mnst also combine 
wit11 n quantity of the alkali metal remain- 

25 ing ~ i t l l i n  tho globe under the sailre forninla, 
and any sl~ggcstecl trace of ~lit~rogen :IILN~, af- 
ter liwvi~ig combined ~ ~ i t h  its equivnlent of 
carbon from the filament, (of which of coarse 
there 117ill bc an iixsignificant quantity,) coin- 

30 birlc to Corm a solicl with said remaining al- 
lmli metal, accoiding to the formula CNIt. 
Said suggested traces of remaining cascs 
withia the globe, having thus all eutered into 
non-volatile corn binations wit,ll the remaining 

35 nlliali metals, cannot esexise any forther 
itction on the carbon filament of my Inuip, nor 
bring about the destruclion of said filament. 
From n ellemical point of viem there is 110 

 heo ore tical reason .why the pure m c l  infasi- 
40 blc carbon filament of my la11113 sllot~lcl not 

last, not for eight hnndrecl to twelve hundred 
hours, as elniiilcd with reference to lamps 
IlcretoIore invented, but for fifty thousand to 
one hunclrecl thousand hours. 

45 Anotller important leatru-e of illy lamp re- 
salts i ~ o m  my new mmgemea ts  for elec- 
trical connection fisom the csterior to the in- 
terior of the globe. Tile stopper b', on the one 
Imncl, aucl Ihe seals of e', protected by 7 ~ '  or O', 

50 on the other, as \re11 as finally in some cases 
the eonrposition of d ' ,  will allow the use of 
conductors tl' ol any desirable size witllont 
cncla~~gering the durability of the seals or the 
periuaneilce ol tho m x u m ,  and i11 mlclition 

55 to this comes the ailvautagc that the precious 
platintun metal used by other inr~entors may 
be entirely dispensccl wit h ; but as the grealest 
aclvautagc of all may perhaps be regarded the 
great facilily of replacing a destroyed fila- 

60 ment (without destroyiag the globe) in that 
special Iorm of my lxing TI-hich is represented 
in Figs. 1 to 5. Tlie joint between u and 0' 
need only be lreatecl so as to melt the solder, 
wllcreupon 71' can be utiscrc~~cd and a new 

65 lilnn~ent put in place. 
In  ailclitioii it is fnrthct. to be obscrvecl that 

in Fig. 37 is shown a lnethocl of sccnriag the 
ring r z c  her~netically to the class globe x, 7 . q ~  
said figure being a mold of fire-clay or other 
suitable material snn.ouncling the ircck of 70 
globe x and leaving ;~,n open spwc s' b e t ~ e e n  
itsell' ancl said neck into which the ling zzc 
can be directly cast, x having been previo~isly 
heated sufficiently not to crack during the 
casting operation. 7 5 

To substantially specify this, what I claim 
is- 
I. The process of mauufnctnring air incan- 

descent latnp, which consists in arranging 
11 itliiu a solicl inclosure an electrically-con- So 
clucting filamentr, foil, or body, adapted to be- 
come incandescent by an electric current, in- 
trocli~cingliquid alkali-metal con~position into 
said inclosnre so as to fill the snme, sealing 
the i~lclosure except a t  the exit for the liquid 85 
:~llinli-metal composition, removing the corn- 
position from said illclosure in such a wag as 
to forla a, barometric vaennm therein, and 
finwlly hcrlnetically sealing the inclosure; 
sabstantially as clcscribed. 90 

2. The process of niaaufactnriug an incaa- 
clcscent l:~mp, which consists in arrai~ging 
within a solid inclosure an electrically-con- 
:lucting filament, foil, or body, aclaptecl to be- 
come incanclesccnt by an electric cnrreilt, in- 95 
trodacing licluicl all~ali-metal composition into 
said inclosure so as to fill the same, sealing 
lhe inclosrrre escept at the exit for the liquid 
~llcali-meld composition, removing the com- 
posilion except a small quantity thereof from roo 
mid inclosure, and in snch a way as to form 
2 barometric I ~ R C L I U I ~  therein and fiually her- 
metically sedilig the inclosure; substantially 
2s described. 

3. The process of manufacturing ail i i m ~ n -  to5 
descent lamp, which consists in arranging 
within a solicl inclosure a11 electrically-con- 
clncting filament, foil, or body, adapted to be- 
:oilre incandescent by an electric current, ex- 
pelling the air contained in the inclosure by I 10 
z aon-oaiclizi~~g or neutral gas introduced 
Oherein, aflerward remo~ing said gas by a 
Liquicl alkali-metal coinposition introduced 
in the inclosure so as to fill the same, sealing 
the inclosure at  the gas-exit, foriniiig a baro- 115 
metric vacuum in ihc inclosure by removal 
3f liqnicl alliali- metal composition and finally 
llermetieally sealing the inclosure; substan- 
tially as described. 

4. The process of nmnufacturing an incan- 120 
ilescent lamp, which consists in arranging 
nlthin a solicl inclosnre an electrically-con- 
3acting filament, foil, or body, adapted to be- 
Zome incandescent by an electric cnrrent, ex- 
pelling the air contained in the inclosure by 12 j 
I noa -oxidizing or neutral gas introclucecl 
therein, al"termrd rcinoving said gas by a 
liquid alli-ali-metal compositiou introduced in 
the inelosr~re so tts to fill the same, sealing 
;he inclosnre at  the gas-exit, reinoviilg the 130 
:ompositio:i with the exception of a small 
lnantity thereof fro111 said inclosnre in such 



a may as to f o m  a barometric vacuum therein 
aud finallj-Iier~~leticallj-scali~ig the inclosure; 
snl~sta11tial1~- as described. 

5. The process of n~auufactnring an incnii- 
5 descent la~nl) ,  v l ~ i c h  co~isists in arranging 

11-ithin a solid inclosnrc an electrically-con- 
clncting filamenl, foil, or boclp, adiiptecl to be- 
come incmldcscent throng11 an  electric cur- 
rent and conlierted to pole-coiidnctors, elec- 

10 trically communicating with the estcrior of 
said inclosure, espelling the air contained in 
the inclosnre by I1 or N gas introduced tliere- 
in, remo~-ing afterward said gas by liquid al- 
kali-metal coiilpositioii introduced in tlie in- 

I; closure so as to fill the sauile, sealing a tube 
of the iuclosnre, eniptying tlie alliali metal 
escept a sniall quantity thereof f ro~n  said in- 
closure and in sucli a m y  as to for111 a baro- 
~net r ic  mcunin tllereiu and finally liermct- 

2 0  ically sealiug the iuclosni~e, sabstnntially as 
dcscribeil. 

(j. The process of iiiannfitcturing an incan- 
dcscei:t lanip, IT-liich consists in introducing 
alliali metnl into the lanip and exhausting 

2 j ancl sealing the lamp n-llile alkali metal is 
still contained therein; snbstantinlly as de- 
scribed. 

7. The process of maln~fxtur ing  an  incan- 
descent lamp, n-liich co~isists in expelling the 

30 air therein by the introduction of a neutral or 
non-osiclizing gas, introdnciiig alkali metal 
into the lamp and then csl~ansting the nen- 
tral or non-oxidizing gas from the lamp and 
scaling the ln111p ~ l l i l e  a1l;ali inetal is still 

35 containeil therein; substantially as described. 
S. An incalidescing electric lamp, contain- 

ing a11 electrically-cond~ictiiig filament, foil, 
or  bod^-, adapted to l~eco~ne incandescent by 
an  electric current, the interior of saicl lamp 

40 coiistitntiug n\-acuu~:i andcontaining a qnan- 
tity of alkali metal; substantinllj- as de- 
scribed. 

9. An inca~~descent  lamp having an  incan- 
descing bocly of carbon the interior of szicl 

4; Inmp constituting a racunnl and containing 
a quantity of alliali metal; substanti:~lly as 
described. 

10. Anincandesceiit electriclamp, contain- 
ing nu e1ectric:tllj--concl~~cting filament, Soil, 

50 or body aclnpted to becoule incandesce~it b j  
an  electric current, the interior of said lami 
constituting a racnum ancl containing a snb- 
stance aclapted to che~nically combi~ic ~ i t h  
and convert into non-gaseons form, anygasez 

5 5  disturbing said 1-acuum; snbstantinlly as  cle- 
scribed. 

11. An incandescent elect riclamp, contain- 
ing an electrically-concl~~cting filament, foil. 
or body adaptecl to become i~lcanclescent b j  

60 an  electric current, the interior of said laml 
constituling a vacuum and contaiuing a sub. 
stance adapted to chemically con~binc with 
m c l  c o n r e ~ t  into solid form, any gases dis 
turbing said 1-acnum; snl~stnntially as  de 

6 ;  scribed. 
1 .  An inca~lclescci~t elcctriclamp, contaiii 

11g an inc:uidcscing bocly, and providcd with 
1 glass iuclosure t1ie1-cfor lmving about its 
lase ,z met:~l slec\-e whose cxpnnsibility for 
ieat does not e~ceecl that of glass to nliich the 7 0  
~ n t c r  s u r f x e  of the g1;tss i i  1ic1~1netici~ll~- con- 
iected by lnsiou, and n plug Sol8 sustaining 
he i~icanclesciug body n itliiu the inclosnrc. 

13. An incandescen t clcctriela~np, colitai~i- 
ng an iucanclcscing body, and 1)rovided \ ~ i l h  7 j 
t glass inclosure therefor Iinving about its 
lase a metal sleeve whose espansibility for 
]eat does not exceed that of glass to ~iliicli the 
~ u t e r  suifnce of the glass is hermetically con- 
lectecl by fnsion, :uicl a metal plug lor sns- Sn 
aining the incandescing body witllin the in- 
dosure, said plug and sleeve being hemet -  
cally sealed by metal a t  their junction. 

14. An iucnlidescent electriclamp, contain- 
ng an incandescing body, zinc1 provided n-it11 S j  

L glass inclosure tllercfor ha\-iug about its 
mse a metal slcem to I\-hich tllc onter sur- 
'ace of the glass is lierlneticnllj- scaled by f n- 
;ion, the ~ n e l d  of nhiell the slcc\-e is coni- 
~oseil Iiaving an cspniisibility to lieat not go 
?sceeding that  of glass, and a plng for sus- 
,airling the incanclescii~g body within the iii- 
zlosnre. 

15. A11 incmldesceiit electriclamp, contain- 
lig an incandescing bodj-, aucl provided ~ ~ i t l i  g j 
1 glass inclosure therelor I i a ~ i n g  abont its 
base a 1net:~l sleeve nhosc expansibility for 
heat does not csceeil tlint of glass to which 
the outer surface of the glass is hermetically 
sealed by fnsion, aucl n plog for snstaillii~g roo 
Llie incauclesciiic boclp, saicl plug being lier- 
metically se;tled to tlie sleeve alicl I~crinet- 
~cally sealing tlie inclosure, but  out of con- 
[act with the interior mils of the glass. 

16. An iticaudescciit electric lamp, contain- 105 
ing an  incaiidescing body, and proridecl ~ ~ - i t l i  
a glass i~iclosnre therefor h a ~ ~ i n g  about its 
base R 1neta1 sleeve whose expansibility for 
heat does not esceed that 01 glass to which 
the outer snrface of the class is hermetically I I O  

sealed by fnsioa, said slee1.e lxing freely cs- 
pansible with tlic glass, and a plug for sus- 
taining the incandescing botlj- 11 itliin tlie in- 
closure. 

17. An iucandesccnt electric laml), conlnia- I 15 
ing an  incandescin= body, and provicled with 
a glass inclosure thcrcfor h a ~ i i i z  about its 
base a liletnl sleere nhosr, espansibilit,y for 
heat does not excccd that of glass to wliicli 
the outer snrface of tlic glass is hermetically 1-20 

sealed by fusion, said slem-e being freely cs- 
pansible with the glass, and n 11ietal plng for 
sustaining tlie incandescing body J\-ithin the 
inclosure, said plug and s k e w  being Iieruiet- 
ically sealed by ~ne ta l  a t  their ju~iclion and 125 
said plug being out of contact vitli the inte- 
rior walls of the glass. 
18. An incandescent electric lan~p,  contain- 

ing an  incandescin~ body, allcl provided Tilh 
a glass inclosure therefor lmriug about its 130 
base a metal sleeve n-hose espansibility for 
lieat does not cscced tlint of glass to mliicli 



tlic outer s ~ ~ r f i ~ c c  of lhe glass is hermetic:~lly 
connected by fusion, and a plug reinorably 
sealed to said sleeve, for sustaining the in-  
oanclescing body. 

5 10. An incnnclesceul electric lamp, having 
a leading-in wire  ha^-iag the same expansi- 
bility to heat as glass, aucl iiiacle of metal of 
less csp:~nsibilitg to heat than glass, in com- 
b iua t io~  willl llzetal of greater espausibility 

I 0  to heat tha11 glass. 
20. An iucaurlesccnt electric lwrnp, llnvi~ig 

a leacling-in n-irc having the same espansi- 
bility to heat as glass, and lliade of osmium in 
combination with nletal of greater espansi- 

I j bility to heat than glass. 
31. An iucandcscent electric lxlnp linving 

an iacanclescing body n~hose ends are electro- 
plated witll a non-oxidizable metal. 
28. Au ilicanclesceut electric 1,211113 liaviag 

2 0  an i~1eaiicleseing body n~llosc ellcls are clectro- 
plated wit11 a lion-oxidizable metal in combi- 
mtion with the pole-condactors having their 
ends similarly electropl;ited, the ends of the 
incanilesciug body being joined t,o the pole- 

25 eo~lclnctor ends by a uon-osiclizable solcler. 
23. The combination in a11 electric incan- 

descent lnmp of a filament or body of carbon 
within a practically l?erfectly-ev~cu~led-eciited and 
liermetically-sealccl inclosure, pole-uonduc- 

30 tors coi~nectecl to said carbon a ~ l d  colnmnni- 
catiltg electrically ~ i t h  the exterior of the 
inclosureailci a quantity of alkali inetalnrithin 
said itlclosnre; substantially as described. 

24. The con~bination in an electric incan- 
35 clcscent lanip of a iilament or equivalent of 

pure carbon within a practically perfectly- 
evacuated nacl hcril~etically-sealecl illclosure, 
pole-conductors co~lnectecl to said carbon and 
oommunicati~~g electricnlly witli the esterior 

40 of the inclosure and a clnantity of alkali 
nletal within said iuc!osnrc; substantial!y as 
described. 

25. The coinbiuatioll in a11 electric incan- 
descent lamp of a fila~nent or equivalent of 

q j p11re carbon within a practically perfectly- 
ewcuatecl and hermetically-sealecl inclosure, 
pole-conductors conuectecl to said carbon and 
communicating elect rically with the esterior 
of the inclosnre, the oue of said co~ldnctors 

50 so comninnicating by being coanectecl to a 
inctdlic part of the inclosure, the otliw by 
l)enet,rating the iaclosnre within a liermet- 
ical insulated see1 therein, ancl a q ~ ~ : ~ n t i t y  of 
:d!;ali metal 1;-ithiil said inclosnre, snbstm- 

5 j tialtjr as described. 
26. Tlie combinatioil iil an electric incan- 

ilcscent lamp of :L filament or ecynivalent of 
pure carbon ~ ~ i t h i n  a pmctically perfectly- 
cvncmtccl and liermetically-sealecl inclos~i re, 

60 pole-conclactors eoilncctccl to said carbou and 
conlinuuicatiug elcctrically with the estrrior 
of the inclosure through insulating glnss 
tubes; said glass tnbes penetrating said in- 
closure and being hermetically secured tliere- 

G j  to by fusion, and forming hcrrnetic seals 

around thc saiG concluctors, ~nctal  rings in- 
timately snrrouilding said seals so as to pre- 
~ o n t  fracture and a quantity oll alkali metal 
wi181iia said inclosure, subslantixlly as de- 
scri bccl. 70  

87. The combillelion in an electric inean- 
descent l a ~ n p  of a iil;~~izen t or eqnivalent of 
pure carbon ~ ~ i t l i i n  a practically perfectly- 
ev;ecuated and llerlneticstlly-sealed iuclosure, 
pole-concluctors connected to said carbon and 75 
communicating electrically ~ i t h  the exterior 
of the iuclosnre, through insulating glass 
tubes, said glass tubes penetrating aud her- 
metically secured to the inclosnrc by fusion, 
and forming around the conclnctors hermet- 80 
ical seals; saicl conductors being of the same 
expansion for lieat as glass and b8ing made 
from substances of less expansion from 1le:~t 
Lhan glass, i11 proper conibination with metals 
of which saicl expansion is higher, and a quan-  Sg 
Lity of dliali nletnl within said inclosnre, sub- 
$tantially as described. 

28. The combination in an electric incan- 
3escent lamp, of a leading-in wire hermetic- 
illy sealed within a glass tube, said glass go 
tohe e~tending \~-ithia the l~mp-bulb  ailcl be- 
ing protectecl therein agaiust fracture by n 
mctiel ling surrou~lcling the s e d ;  substantially 
ts clescribecl. 

29. The eombi~lntiou in an electric incan- 95 
lescent lamp, of a leading-in wire lie~metic- 
~11y sealed within a glass tube, said glass 
.ube extending n ithin the lamp-bulb mcl be- 
,ug protected therein agaiust fracture by a 
metnl ring surrounding the seal, said lending- ro:, 
n wire being hollow or recessed a1 said seal; 
jubstnntially as described. 

30. The combination in an electric incau- 
lescent lamp, of an iiicaudescing body, pole- 
:ondnctors conuectecl to saicl i~lcandescing 10; 

~ o d y  and cominnnicating with the esterior of 
,helamp through iusulatiug glass tubes, snicl 
:lass tubes penetrating tlie lamp and being 
~ermeticdlg sealed thereto by fusion, aud 
'orming hermet,ic seals a r o ~ ~ i i d  the said con- I ro 
I i t c t o ~ ~ ,  and ~netal  riligs intimately surro~m'l- 
na said seals so as to prevent fractnre; sub- 
;tantially as described. 

31. The combination in an electric incan- 
lescent lamp, of a filament or eql~ivaleiit of I I  j 
lure carbon mithiu a hern~eticelly - sealed 
~ractically perfectly - evacuated inclosare, 
nade partly of glass, partly of metal, polc- 
:onducto~~s connected to said ci~rbon and corn- 
nunicatiug electrically ~ i t h  the exterior of 120 

h e  iuclosnre, and a snbstauce within said in- 
:losure adapted che~uically to conzbine witli 
~ u d  thereby to transfer into solid form any 
pseous, carbonaceous product of combustion 
che~liicill couibinatiou with carbon), snb- 125 
,tantially as described. 

32. An incaildescent electric lamp, coutain- 
ng a11 incanclcscing body, :ind provided with 
L glass iaclosnrc therefor having about its 
lase a metal sleeve whose espansibility for rgo 



heat does not exceed that of glass mlcl to ~ l l i c l l  
the outer slirfnce of the gl:~ss is heri~~clicnllg- 
collnccicd by fusion, 2nd a plug for sustain- 
ing the ilicanclescirig body within the inclo- 

5 sure, the outer end of said plug being adapted 
to fit within arexi\-ing-soclict; snhstantially 
as clcscribecl. 

Signed at  T\'asllington, in the District of 
Col~unbin, this 12th clay of 31arcl1, A. D. lS03. 


