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ADVERTISEMENT

The scientific publications of the National Museum include two
sories, known, respectively, us Proecedings and Bulletin,

The Proceedings, begun in 1878, is intanded primarily as a medium
for the publication of original papers, based on the collections of
the National Museum, that set forth newly sequired fucts in biology,
anthropology, and geology, with descriptions of new forms snd re-
visions of limited groups. Copies of each puper, in pamphlet form,
are distributed us published to libraries and scientific orgsnizations
and to specialists and others interested in the different subjects.
The dates at which these separate papers are published are recorded
in the table of contents of each of the volumes.

The Bulletin, the first of which was issued in 1875, consists of &
series of separnte publieations comprising monographs of large zoo-
logienl groups and other general systematic treatises (ocoasionally in
govoral volumes), faunal works, reporis of expeditions, estalogues
of type-spocimens, special collections, and other material of similur
nature, The majority of the volumes are octavo in size, but o
quarto size has been adopted in s few instances in which lnrge plates
were regarded as indispensable. In the Bulletin series appenr vol-
umes under the heading Contributions from the United States National
Herbarium, in octavo form, published by the National Museum since
1002, which econtain papers rolating to the botanical collections of
the Museum. ’

The present work forms No. 139 of the Bulletin series,

Arexaxper WETMORE,
Assistant Secretary. Smithsonian Institution.

Wasmsarox, D. C,, November 3, 1920,
1t
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PREFACE

This work nnderinkes to present the salient features of an encyelo
paedic subject in s more or less condensed fashion, The importance
of this study of hesting and illuminstion is thought to be its contri-
bution to the listory of eulture as connected with the inventivensss
displayed by man in the adaptation of the primary natural key force
nearest to his needs in all the earlier stages of progress. The history
also suggests the mtellectual, esthetic, and religions reactions mark-
ing the several stages of eulture gradually attnined by man.

In the treatment of this subject the chief consideration is given to
the earlier steps in Lhe utilization of fire. The luter stages markad
by the proliferation of the medern period do not call for more than
casual attention,

Olassification.—Heating and illumination sre the grand divisions of
the subject. These comprehend all Lhe topics relating to the usesof
fire. Under heating are included spplications of fire to warming the
body, the house, cooking, smelting, timbering, healing, decoration, to
cult, and numerous other uses, Under illumination are the appliea-
tion of light to a myrnad purposes, from utilitarian to the highest
phases of esthetic and religious ideas:

Nenrest of the energies of the universe and the greatest within the
range of man's needs is fire.  Wind and water are also primitive ap-
proaches to natural energies, but these change nothing while fire is &
transforming agent (pl 1).

" What are the most brilliant of our chemical discoveries compured
with the invention of fire and the metulsi " — Disraoli.

'"Fire, greatest of discoveries, ensbling man to live in varions
c].i.t:_:‘lm, use many foods, and compal the forces of nature to do his
wa

“ Elestricity, carrier of light and power, devourer of time and space.
Bearor of human speech over land snd sea, greatest servant of man,
itsolf unknown,"" ¢

Becauss of the intimate conneetion of fire with the culture growth
of humanity, whatever relates to the antiquity of the use of fire must
be of peculiar valun in the history of early progress. Anthropologiesl

‘hmuumumm'-humn.cﬂmwm.rhnhw.mmww
Waatrow Wilson

o



X FPREFACE

soiencs finds evidences of the fire artin the ancient tracesof man w here
relics of his arts hinve not been disturbed, Even the man whose
stone implements are distributed in the gravels is believed to have
Enown the use of fire, Such an unbroken line running through
. thousands of years admits of & study of the development of an art so
imtimately connected with man's progress under unusual conditions.

In this subject are encoumtered traces, sometimes clear and aguin
obscure, of the deeper currents of our history which mark the hegin-
ning and secompany the development of our connection with nature.
It iz evident that fire was the first abnormal phenomenon striking
man, and that it was the firet natural foroe which he consciously used.
Without fire it is diffieult to imagine how most of the early arts
would have been possible, snd no one needs to be reminded of the
extent to which the present arts and sciences depend on this ngeney.
It may be shown nlso that fire in time has exerted » modifying
influence on man more radioal than his been suspected.

There is some dats, more or less relinble, on the psychology of the
higher primates in respect to fire. Purchas quaintly says: “The
people of the countrie, when they travaile in the woods make fire
when they sloep in the night; and in the morning when they are gons
the Pongoes will come und sit sbout the fire till it goeth out; for
they have no understanding to lay the wood together.' *

Man hiss possessed fire so long that the inquiry ss to whether it is
o human characteristic las some point. And the question is: Shall
wa then extend the use of fire to other primates than man? It is
evident that of all animsls primates are the only species who could
undertuke the task of caring for fire, As s deduction from the lever-
age of fire possession shiall we say that here began the elevation of
the primates toward mant

Definitely, the first traces of fire sssocisted with human remains
wetts found with the Ehringsdorf jaw, where charcoal oceurs with flint
implements. Only two finds, the Piltdown and Mnuver (Heidelberg)
are older, The Ehringsdorf mun dates from sither the Mousterian,
Acheuliun, or Chellean. Ae Dr. George G. MacCurdy observes, m
any case in the Riss-Witrm interglacial period* Dr, Ales Hrdlicks
informs me that Eurnpenn archsologists place the first traces of fire
of human origin in the Acheulian.

The disoussion of the beginnings of the fire art roquires the utili-
zation of all the resources which the science of man affords, und even
the use of the scientifio imagination as an aid, The difficulties which

¥ Frretma bis Pligrimes, (8¢, chap, 3, = & ¥ Human Origies, 10N, vol. |, P08,




PHEPACE K

surround the subjects sre insurmountable so far as selting forth
suthoritative conclusions are concerned. It hos always been n {ree
field for speoulstion, however, attrasting philosophic minds of :ll
times,

One faot stands clearly forth, nemely, that no remsins of man's
arts show him without firo ss an ally; therefore, whalever the antig-
uity of such finds, wa have no other datn 83 to the antiquity of the
use of fire. Back of these finds we may sssume logically that there
was & period when man was without fire, and that in the subdivi-
gions of this period he first saw firein its natural manifestations, See-
ond, he made use of fire derived from same source in nsture, and
third, invented some method of making it at will.

Thero aro several sources which have bean suggested as applying
to primitive conditions. These are fire from volcanoes or igneous
action, from chemical reactions producing fire in coal seams, from
earthquakes producing landslides igniting trees by frietion, from wind
incited friction of tree branches and bamboo jungles, and from light-
ning. These afe natural occurrences within the observation of early
man, but it forces the seientific imagination too much to conelude that
such material suggestions by themselves were consciously taken up by
Boyons. Eur]y man was not an Edison to sppraise the salient points
of nature. It is nesrer to earth to imagine that man got his knowl-
edge of wood-friction heat by & series of more or less conscious
observations during a long period of working in wood and vegetablo
fibors, This is congeived to have been a long process devoid of
brillinnt analogical deductions, but advancing at times quite rapidly
townrd the goal. It is reasonably stated that man was acquainted
with fire and used fire derived from nature long before hie invented &
process for making firs artificially. Granted that in some of his work
with wood hie obssrved o heat, a vapor with odor, or smoke, even a
eoal of fire from rubbing, cutting, or boring by primitive methods, the
further steps look easy. "Thut further progress is not easy is shown
by the lollowing requirements: 1, Not many kinds of wood are suit-
able for the simply drill or fire saw; 2, suitable tindery material in
which to incresse the spurk wmust be found; 3, the trap for the
fire is & slot or channel out in the horizental piece of wood and is
itsell n great discovery; 4, a coal of fire ean be nursed to a blaze only
with great skill und knowledge. These are morely the chief difficulties
of an invention which as it stands would seem miraculous did we not
know that it is a growth and the culmination of a long resesrch by
primitive scientists.
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Three phases of associstion with nature may be generalized from
what ia conjectured and observed of the course of development of
men. These are;

: 1. Dependence on nature,

z.wﬂaginm‘ng interdependence of man and nature, growing

3. Independence now observed in eertain lines and pointing
out the goal of ultimate achisvement,

To express broadly the history of man and fire we have: 1, Man
firaless, hypothetical stuge; 2, man adopts fire; 3, man develops fire
and himself; 4, man invents the firestick; and 5, man inherits the
earth.
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FIRE AS AN AGENT IN HUMAN CULTURE

By Warter Houvan
Head Curator of Antaropology, United Stains National Muscum

PREDILECTION FOR HEAT

One of the characteristics which man shares with many animals is
an appreciation of warmth. Humboldt remarks that in all climates
people show the ssme predilection for heat.*  Fire was as necessary
to the Indisns of Guiana s to Arctic peoples, by day and mght,.
Everyone has & fire under his hammock, kept up with great attention.
In the huts the fire is built on & clsy hiearth Jaid on the floor.?

This feature is cared for by clothing, habitation, and other matfer
reflecting the natural adsptation to environment and antedsting the
use of artificial warming, which begins with fire. 1In all phases of
man's development is evinced s fondness for hot springs, which early
were visited for the advantages of warmth, and to which later were
attributed healing powers, and Inter still became resorts of luxury.
“Long befors European sattlers saw New Zesland the thermal and
mineral waters attracted the natives, who had discovered their cura-
tive propertiea.”* In this connection it is surmised that the use of
hot water as a drink for the purpose of adding to the heat of the body
beoame appreciated st an early time, followed by the general use of
hot food and drink after the utilizetion of fire. It may be scen that
much was lenrnod as to the properties of heat from warm springs
before the domestieation of fires.

Another primitive example to which attention hes not heen called
is the use of the warmth of animels. It has been observed that
animal socicties show innumerable adaptations i response to the
reaction stimuli of cold. This reaction extends also through human-
ity. The elose associntion of man with domestic animals at an
enrly period sugeests o warmth utility which explains the surviving
traces of such associstion into the present, giving rise to good-
bumored ridiculs of people who lived somewhat primitively.

VTrarel and Resesrches, Ediunargh, 162, od- 4 p 140

8ctomburgh. Hakdugt Soclety, Loodor 1560, o 3.
ey M. Cadall  Www Yok fan, Novembar, (o
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Gen. James M, Ashton informs me that the reindeer hards of the
Chukehi and Chuvanes of Siberis are tended by the young folks,
who are sometimes csught out in devastating blizzards, In such
&n exigency two deer are made to lis down side by side, back to the
wind, and the herder creeps between them wsnd westhers the gale
botween his warm hosts, Incidentally, deer are made to lio down
by & gentle kick on the shin of the hind leg.

The Kamtschadales are said to use dogs as bedfellows for warmth.
Frequent observations go to show that many tribes in the region of
seasonal cold regulate their habits in consonance with the seasonal
environment. Variety in the seasons renders life in northern lati-
tudes more expansive and tends to develop expedients meeting the
needs of each period of the vear.

FIRELESE PEOPLES

From time to time there have appesared in the accounts of travel-
urs stories shout fireless peoples. When other observers seck to
varify these stories they are proven to be without foundstion. Not
only is firs knowledge s characteristic of all historic races, but as far
back as the search for early man has been carmed he is found to pos-
sess this faithful ally. Much of the misconception giving rise to
stories of fireless peoples is due to the habits of some tribes asto the
preservation of fire, Insome cases it is the custom to carefully pre-
garve fire, so that an observer, though he may remain & long time, is
not likely to ses an example of renewing fire by artificial methods.

FIRE PRESERVATION

This important section of the fire subject presents some of the
most interesting examples of the ingennity of man. It must, how-
over, be confined to those clusses which will give a comprehensive
view of the primitive technology, bearing on development, and take
up more extensively the use of fire in the ceramio aris, metallurgy,
and other arts of enormons consequence to civilization.

With the acquisition of natural fire we have the beginning of a
technic regarding its preservation. The question of an adequate and
suitable fuel supply comes up at oncs, If the nequirement of firs is
to be regarded ss a blessing to mankind, the burden which its eare
threw upon man represents o heavy price. The primitive industry
in feeding the fire is the beginning of the enormous fuel industries of
to-dsy. It is spparent also that the preservation of fire beeame n
subject of invention to relieve the cares of fuel gathering as much as
guarding against the loss of fire, which has been customarily nssigned
s the csusa of preservation.

Hinte of the methods which may have been employed in early
times are given by fire-preservation customs observed in various
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parts of the world awmong uncivilized peoples. One of the most
suggestive is practiced by the Andsmans, who sre regarded as
belonging to the lower races. In the Andsmun Islands they hallow
out & large trunk of & tree, then set it on fire and leave the wood to
consume little by little. The ashes sccumulate and the fire remaina
there covered up.*

The Cherokees buried fire in the ground and kept it for indefinite
periods. They secured a tindery log snd buried it in the mounds
under the council house.* The fire cache was also found among the
Natohes and Creok Tribes, and was probably general nmong the
eastern and southern Indians.

Primitive methods were alzo adopted in earrying about small por-
tions of fire, the principal being the slow combustion of wood or fiber.
The natives of Matabut Islands, New Guines, press s quantity of the
soft fibrous husk of the ripe coconut into & coconut shell and then
place a red-hot ember in the center. This will smoulder for three ur
four days, and from it the natives obtain light for their cooking fires
at any place they may land on their yoyuge. *

The Osage Indians carried fire in fungus tinder from the insido of
& hollow tree inclosed in earth and placed between the two valves of
s mussal shell. The shell was wrapped up carefully and bound with
cord. In this way fire could be kept for sovernl days. *

A modern instance wis communicated by F. S. Dellenbaugh, of
New York, who stated that the Bshermen of Conesrnesy, off
Finisterre, carried in their fishing bosts s fire horn.  This eonsists of
8 cow’s horn having a stopper in tlie open end. When the fisherman
desires s light lie removes the stopper, blows for & moment in the horn,
when a blage sppears, from which he lights his pipe. Ha stops the
horn ugain and throws it under the bow of the bost, where it remains
until again needed. Mr. Dellenbaugh did not sspertain what sub-
stance retained the fira in the horn, but it is supposed to be decayed
wooil or material of & fungus. The fire horn is an interesting exanmple
of the methods of fire preservation in the period before matehes, or
possibly evan before flint and stesl were dovised.

The Tehuelche of Patagonis onrried firo on the mareh in sarthen-
ware pots having holes in the bottom.* This method seems to indi-
cate & crude iden of ventilation of the fire, which will be noticed in
the section on stoves.

Another widespread method is observed in the slow matel, Among
the Pueblos, ancient and modern, cadar bark tisd in bundles Wi

¥ hlonat’s Advediome and Hmmamhes, Laosdan, 1852
* Intermetion by James Mecnsg.

W ilioed Pawell. Wanderings (o s WIK Country, Lesdo, 1882, p. 106,
Tigtermation by Proned Le Pt Juns o, 1571, Bee sl 2703 Asa. Rap,, Bor. Aoy, Bihnol., p. &7,
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found s good medium for preserving fire. The Hopi Indians’ fire
stivks were usually accompanied with s cedar-bark kapichoki*  Other
tribes also used the slow mateh. Nuwmbers of cedar-bark slow mat-
ohes were in s prehistoric fire temple at Mess Verde, Colorade.  Such
slow matches formed s convenient means of distribiting the new fire
when it had been secured by [niction.  Australians earry with them
& oone of Emkm, which burns slowly like amadou.'*

Chinese joss sticks may be s -method of preserving fire.  The slow
mateh is o spill of soft paper which when lighted gives n momentary
flame. This is blown out and the spill glows for nconsiderable time:
When a light is wanted a dexterous pufl relightait, They are ealled
pei hu, 8 word close to the sound made in blowing up the spill.

Preservation of the fire overnight was offected with the eurfew,
“fire cover,” those surviving being cones of sheet bruss having s few
perforations and & handle. The curfew resambles a condlé extin-
guisher, but lnrger and more squat.  The old custom was on retiring
to rake the coals in the fireplace togethor and sot over the pile the
curfew, which preserved the fire till the morning.

The needs of war, hunting, and travel must have developed inmum-
erable ways for the preserving and transportation of fire. These
methods are unrecorded end only little information can be derived
from pressnt customs. Novertheless, tha fow instances appear to
cover poasible methods,

The above examples also show the seope of the improvements in
fire pressrvation beyond the esrliest practice of preserving coals in
the ashes of the camp fire,

IGRITION POINT

It is & wise provision of naturs that the ignition point of mate-
rial is pdjusted high and that the approximation of a substance with
low ignition Lo live fire or u spark is unusual. Directed by human
intelligence this feature of the fire art became of the greatest impor-
tance, Iu.nug grown step by step from observations and experimen-
tutions since early times. It was early observed that churréd wood
ignites more ensily than uncharred; thus charcoal ignites at 580° F.
and pine wood at 800° F. Tenuous vegotal material ignites easily
and some forms ignite with a flash. The bearing of this on the.

selection of tinder is evident as the observation on charcoal upon the
making of fire by wood friction.

¥ Walwer Hoogh. The Hopl Endisn Cufetion in the Toiled Stalm Neliots] Museus ., Proe U, 8.
Hat Mus, vel 54 198, b 22
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IGKITION IN XATURE

Natural ignitions may be divided into voleanic, chamical, aloctrical,
frictional due Lo earth movemonts, and frictional on wood.  Dioptrie
ignitions, which are observed in the mechanical ages in connection
with gluss, would he of the rarest ocourrence in nature. Stories 8s to
fortuitous solar ignition through ioe must be recsived with iners-
dulity,

The widespread voleanic sctivity following certain well-defined
belts ind areas could furnish the major sourco of fire for man. The
attendant phenomens, such s the burnming of forests, beds of cooling
lava, hot springs, ete., might well have been within the experience of
early man. When the place of origin of man shall be fixed more
definitely eonclusions will be possible on this subject. At earlier
periods within the assigned stage of man voleame activity was more
prevalent than in later periods.

Chemiedl ignitions in nature have frequently been recarded, sand in
o mujority of cases connected with veine of coal spontaneously fired.
Veins of conl having an excess mineral content sre more subjoct to
ignition than purer veins. The esuse of ignition appears to bo the
decomposition of pyrites forming sulphates in the presence of loosely
aggregated carbon.  Spontsneous combustion of voal dust in piles or
bhins is not explained, but may be due to the ocolusion of gases, as in
gpongy platinum. The nsing of the fire in the ground-off charred
dust, which is a feature of the fire drill, seems to have such explana-
tion, Smouldering seams of brown coal have been observed in New
Zealand.” Beds of lignite along the banks of the Mackenzie River
& few miles nbove Bear River have been burning for a long time, and
the natives explam the origin of this fire by the tale of Beaver who
emptied a dish of grease on his fire and told it te burn and pever go
out.” Carl Boek writes that near Long Wai, Borneo, there is a burn-
ing hill that is a cpal formation on fire, and haa been so since the
momory of man' One of the seams of coal in Monongalia County,
West Virginia, is subject to “burn outs,” which have oceurred st some
former time und have become naturally extinguished. It is fre-
quently asserted that such conl burnings were started by lightning,
and it is also suggested that Indian camp fires on the outerop is a
canss, but there is little evidence in the locality mentioned to sub-
stantiato these explanations. Pallas recounts such a fire so ocourring
in trans-Ural Russia:

“Muany persons then living remembered the storm during which
8 thunderbolt fell upon & great pine troe, which, taking fire and

B Julivs Hane  Moas and Mok Bumbern {Baird pamphiets in #mibttsarion Libmary )
H Frank Gussll, Athsbsscss Mytha, Journ, Amer folk Low, vol 13, No. ¥, Jemesry-Miarch,

oo, puif
¥ Hined Nizntere of Yarnme, . bi




(] HULLETIN 130, UMITED BTATES NATIONAL MUSEUM

burning mapidly to the very roots, kindled the mountain, which had
thenceforth continued on fire. 'The neighboring forests were whally
consumed by the conflagration. At this time the fire seemed to
have refired into the center of the mountain, where it raged with
prodigious violence, oceasionally bursting forth through the wide
fissures * * ¥,

"The view of the voleano (1) during & stormy night was sublime

* = =

All forests have been touched by fire'at some time in their history,
There is also an unequal distribution of lightning over the earth, and
some localities show great prevalenes of electrical discharges. In the
Senta Rita Mountains in Arizons 30 to 50 per cent of trees wero
struck and many show firing.® Around Forestdals ruin on the
White Mountain Apache Reservation in Arizona the writer obssrved
an unusual number of trees which had been killed by lightning.

Lightning is & most prolific cause of ignition in nature. Since the
establishment of forest reserves in the United States it has been
found that lightning is n source of great damage to the timbered
areas. In 1925, 60 per eent of the fires in the national forests origi-
nated from lightning. An observer saw nine different fires stsrted
by storm lightning in half an hour.?

tning fires are 8 common experience in many parts of the
of the world, sud are the subject of many customs and observances
noted in snother section, It is believed that lighining was more
prevalent in the glacial period than now.'*

Lightning is thought to have farnished one of ths sources from
whieh ancient man derived fire, and there is much in the suggestion.
An examinstion of the myths and customa connected with firs from.
lightning shows that such fire was utilized for cult purposes (p. 144).

Chanee ignitions in niture are somatimes eaused in an unpsual
way. It was obsorved that many fires were started' by falling boul-
ders dislodged by an earthqunke which occurred in Arizonn in 1887,

Col. R. G. Woodthorpe, investigating the cause of jungle fires,
writes: T nsked Captain Raike's Burmesa servant how (lieso fires
originated, He said, * At this tima of the yesr the ground is coversd
with dead loaves and dry grass; rocks roll from shove onto othurs
below and strike sparks, which set light to the inflammable dey vego-
tation.' Wewere inclined to pook-pool this explanstion, but further

questioning of other entirely independent witnesses always alicited
tho same reply,"”*

® Pater Simon Pulla B Joha, Lives of Colibrnied Travellors, Now Torr, 195, vl 4, p. 77
B, C Beamas, The Plant Warkd, ol 1N, Palmvary, (000, pp. -4,

TR D, Boerar.  Our Nagiooa! Forsste, New Yook, 1010, g, 13021,
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Tremendous friction is set up in forests during high winds, and
under proper eonditions it is possible that fires may be started in this
manner, Such ocourrences must be unusual, and it is found diffieult
to procure a rolisble observation on the subject., Francois Bernior
in 1008, traveling in Cashmere, obsarved:

"Some of the trees were scorched and burnt, either blasted by the
thunderbolt, or, secording to the traditions of the peasaniry, set an
fire in the heat of summer by rubbing against each other when sgi-
tuted by fierce, burning winds,"'*

TRANEPORTATION

In the transportation of fire we see the beginning of many inven-
tions. Fire on the hearth hes s place well understood, but when fire
hss to be moved precautions must be taken to carry it safely and
without danger. For ordinary distances a brand from (he fire or a
conl or some inflammable medium lighted at the fire is sufficient.
For carrying small amountz of fire longer time and distanees the vari-
outs means are discussed on puge 3. The transportation of fire bodily
is ghown hy the Virginia Indian canoe fire depictad by John White,
artist with the Raleigh expedition under John Smith in 1585, Also
amonyg the Fuegians the bottom of the eanoe has in one place a lnyer
of elay on which « lire is always kept buming.® Admiral Charles
Wilkes remarks that among the natives of New South Wales a fireis
eommonly earried upon a layer of gravel in the middle of the boat,
and points out that this custom arises either from & natural or super-
stitious reluctanee to bo without fire at anv time, and that in this
they reserabls the Fucginns® Attention is called to this profonnd
observation which brings out the almost instinotive association of
mtan with fire,

BIOLOGICAL FACTOR

Fire s a biologieal factor opens up s subject that has not had the
attention it deserves. Sinee the earliest times fire has evidently
been ane of the agencies aiding in the displacoment and perhaps
modification of the habits of animals snd plants; Indian myths ss
to the changes in the animals who tried to cateh the sun or who stole
fire may have more intoresting scientific purallols, In s dispussion
some years ago on the formation of the American preiries it was
brought forward that in former times these lamds were forested, and
nleo pretuy penernlly agresd that their treelessness is dus to fire, It
has been asserted that small prairie animals which give svidence of
former arboreal habits now burrow in the ground. The statement
in this connection is held untenabls by Gerrit S, Miller, of the

HEL John, Lires of Calebeaied Traveflens, New Yok, 1o el |, o2

S 0hacks Mickering. Raoms, New Yaork, 189, p. %
=W ke Exphmations, Wsshiagion, 1880, vol 2. pi g




8 BULLETIN 138, UNITED STATES NATIONAL MUSEUM

Nationa! Museum, who was consulted on this point.  Mr. Miller also
suggests that it is more likely in the ease of fire clearing that species
were exterminated or foreed to another environment, and that other
species sprowd mto the denuded ares. There is u popular opinion in
New Zealand thot the mon were destroved by fire from an eruption
of Tongarico which swept over the country. * The detuding of
the prairies was important in the inorease of the Buffalo. The
establishment of prairic sod and distribution of species and the
composition of societies of its grassy flora wes also s consequence. ™

Col. R. 1. Dodge says that the Indians in their greal autumn hunts
sel fire to the prairie to sigual their friends that they had found
buffalo, or with the object of more effectunlly bringing the auimals
together by limiting their feeding grounds, thus reducing the lubor
of tho hunt, *

The clearing of the prairies also influenced the distribution and
habits of Indian tribes, facilitating ngriculture in which sod removal
was profitable on secount of the richness of the soil. (Sed Agricul-
ture.)

If, as appears probable, forests have been swept by fire at intervals
throughout their history, it is likely that there has been estublished
in some tree specics a resistunce to the effects of heat. There may
he seen in the thickening of the bark near the ground perhaps &
protective device. In general, the damage of forest fires is related to
the amount of litter on the forest Hoor snod the species of trees.
Young replacement growth in most cases sulfer.

It hus been observed that in conifers whose habit is to produce
resistant cones almost prohibiting the release of seed, as in the lodge-
pole pine, fire is termed essential to the dissemination of the seed. ™

LOCATION OF THE FIRE

The situstion of the fire in the primitive ages nocessarily must
have been vamed. The idea to be kept in mind is a fire unattended
with even the minor adaptations which have grown toward the fire-
place, the stove, and the myrind inventions for locating, eurrying, and
generally utilizing fire, which aro treatad hersin in their proper class-
ifieation. The fire may thus have been placed in [ront of the rock
shelter or enve, s observed in many stations, or in some relstion
to s camp. The extemporaneous fireplace can hardly be imagined,
since the very possession of fire entails responsibilities us to care and
preservation whicli predetermined n well-considerad plan to keep the
fire. The prearchitectuml period thus requires the placing of the

Honlit Hesa, Slows end Mes Hnecen, 0D, . 3.
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fire in nn agreed loeation for the convenience and other require-
ments of the socinl unit, eonsidering also not only the benefits but
the danger of fire.

In. yiew of the early inculeated methods of preserving the fire over
periods of time and the small number of uses, it s not probable that
early man required much fire. The reproach of the Indiss that the
white man uses & great hweap of wood to cook his food, while the
Indian uses only n few sticks, is 8 ease in point. Esonomy of fuel
18 oharacteristic of uneivilized man,

A Sioux lodge at Fort Laramie, Wyoming, is thus described in
1B46;

" Their lodges are constructed of poles, erected in n conical shape,
for & framework, over which is thrown and fastened a roof of huffalo
skin prepsred as to resist the weather, The diameterof these lodges
is usually 10-foet; some of them are larger: In cold and stormy
weather the fire is lighted in the center of the lodge. In warm and
fair wenther the fire for cooking is lighted near the entrance on the
outside. The floor of the lodge s covered with buffalo skins, skins
forming an excellent earpet.''#

The Western Hemisphers affords a good opportunity to show the
position of ths firopluce over an immense “ladder” of latitudes.
Beginning with Alsska, the lamp, which corresponds with the house
fire, i= kept within the dwelling. In southern Alaska smong the
Indian tribes the fire is placed on the foor in the wooden houses,
sometimes u box filled with sarth being the receptacle. The Makah
Indians of Washington put the fire on the floor in front of the bunks,
The Patwin of the Sacramento Valley, California, and the Maidu
atid EKlamath of northern California place the fire in the middie of
the hut snd provide s smoke hole. The Tulolome (Athapasosn) on
Rogue River, Oregon, live in square pits bonrded up. The fireplace
18 on one side and the smoke cscapes through o draught pasange.™
The Carrier (Athapascan stock) had s central house fire, 8 smoke
hole, and ladder for exit and sntrance, but no cowl as among the
Haida. Stones were used for andirons.®  Communasl houses had as
many fires as families.

The Pluins Indians, us cited, placed the fire in the middle of the
tpi or lodge. In northeast Canada the Montagnais also place the
fire in the tipi. The above may be considerod the northern method
of fire placement in general, and shows temperature and ot her environ-
mental influences. In the southwestern United States we find the
Ute and Navaho open-sir tribes placing the fire in a box of stone
glabs. The Puehlos anciently kept the lire in a stone box in the mid-
dle of the room. Now the fireplace is in the corner, covered with a

" Edwin Bryant Tocky Mestojakn Advemintes, (S5, p (10,
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hood and having s chimney made up of pottery vessels with the bot-
toms knocked out. The ancient subterrsnean or pit houses un-
coverod at Luna, New Mexico, had the fireplace near tho centor
of the eiroular pit, off center, it is thought, on aceount of the ladder
by which exit snd entrance was effected through a combination door
and smoke hole: Further south the Pima fireplace was placed under
the ramada or branch bower in front of the but, It was sometimes
protected from the wind by s wing wall of mud extending sbout
two-thirds of the way sround the fire, and n wooden rack is placed
over the fire Lo set eooking vessels on, In the fires in the windbreak
houses of the Pims three slones are placed in the firo for a similur
purpose. Attention will be ealled to these festures in the discussion
of the stove.

In Mexico, generally, the fire was placed outside the door of the
house. In Colombia, at Panguits, in the mud huts-the fire was
placed in the middle of the room betwesn three stones.

The Caribas of British Guians had a fire outside the house. The
Caribs of Dominien built their firo under the shedlike structure of
their houses. The larger communal structures of northern South
America southward, which eonsist generally of & roof on posts, Lad
8 louse fire in the center or near the hammocks of their nceupants,
In the communal house at the junction of the Uapes and Rio Negra,
Drazil, thers was s firoplace to sach family.® To the south in this
vast continent (Chaco, Patagonia) the outside fire was commaon,
The Fuegisns in their most inhospitable region mads little use of
house fires, but the Yakgan Tribe built conioal wigwams with the
hearth in the conter® This skotch merely shows some of the envi-
ronmanital influences which governed the placing of the house fire.
In the east and west extending Old World the picture becarmes more
complicated. Tn Europe the subject will have to be discussed undar
the stove warming and cooking devices as improvemants on the home
fire. Vestiges of earlier methods, howover, have survivod in less-
advanced groups of peoples. In general; north Europe reflects in all
its arts the lowor winter temperature, and southern Europe the con-
ditions which obtain in warmer climates and wre similar (o those of
the Near East.

In Persia the fireplace is put in the mididle of the room and con-
sists of u deep, round hole in the floor, m which charcosl and cow
dung are burned.® This form is used by the lower classes,

William de Rubruquis, on his visit to the Grand Khan at Mangou,
Northern Tartary, in 1254, writes that in the centor of the spartment

“atted Eusssl]l Wallsos. Narrsiive of Truvels oo (he Anmess sodd Hie Negro, Loodim, (82, pp.
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{the tents of the Grand Khan) was sn open stove in which s fire of
thorns and other dried sticks mingled with cow dung was burning.
An interesting example of primitiveness is seon in the fireplace of
of the Monguls of Lob Nor. *“We enter one of these huts, the earthen
floor of which is covered in places with old bits of felt, while in
tiw center a cavity surrounded with flat stones serves as a fireplace.
Here, #a in other villages, we ure seated in a cirole round the hearth,
the fire being made of bundles of dried reeds. The ends are lighted
first, and tho flame gradually consumes the stalks, a little girl push-
ing the bundle farther in aa it burns. The flame is very vivid, so as
we get a batter light than we should from s lamp, and are as well
warmed into the barguin, we hava nothing to complain of.”' =

" The wood used for the flooring of Solomon Island dwellings is
the hardest obtainable, and seems to be of & material which takes no
hoed of wear and tear.  One log, tougher than the rest, is placed in
position by the door, and on this a fire will probably be burning and
h woman squaiting by it cooking her lord and master’s evening
meal,” ™

Developments of wrchitecture, principslly enforced by the con-
ditions in higher latitudes, the needs of more fire, and consequent
smoke nuisance, demanded that the fire be placed on the side or in
the corner of & room snd provided with an outlet, from which arose
the ventilsted chimnoy.

Subsequent history of the firepluce has to do with the smploy-
ment of fire for warming, cooking, ete,, and reals of inventions us
sob forth later.

Among the Malnys, Selungor, Malay Peninguls, * the sommonest
type of hoarth is the Malny box Learth, which consists of & shal-
low box filled with earth, upon which nre psually laid, in s triangle,
the Malayan five stones, betwean which a fire is kindled, Firo logs,
such as wre used by the inland Sskui, are, however, often to be
mn.ll“

RUDIMENTS OF INVENTION IN THE FIREPLACE

In many places observars have noted the smaller srrangements in
primitive liroplaces which usunlly escape mention, Wa see the fire-
placo ns o shallow basin or pocket in the earth, more or less worn
down by raking out the ashes and by fire setion. It assumes natu-
rally the appearance of & cirenlsr shallow place for the fire, located
for convenience und safety. The placing of the fuel hus muoh to do
with the contour of the fireplace.

= Lives of Celabrated Travillen, vol. §, p. 84, oo nina (b TTakbuyt Societyy eddlllon of Matrunnis
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There sppears st invention to raise the fuel above the fire bed and
promote combustion, consisting of stones sel in the fire,

The firoplace of the Nascapi Indians of Labrador is in the center
of the tent and is composed of seversl large stones Lo suppaort the
sticks of fuel laid across them.™

In the mod buts of the United States of Colombis the fire was
built between three stones.™

Almost all of the primitive firoplaces hnd as an early addition per-
hups o bordering circle of stones, which, among other things, facili-
tatod the keeping of the fire snd protected it in a messure from
winds, At o later stage we seo three stones or bosses of mud placed
in the fire ns & rest for the cooking pot. Trivet bosses of baked clay
in one pidee, forming o fireplace, have been uncovered in ruins of
botls the cliff and open-air type in New Mexico and Arvizons by the
writer (pl. 2, figs. 1, 2).

These primitive undirons are suggestive, and il is allowable to see
in them the rude beginnings of the stove und an approach o the
ides of draught. Throe pot supporis are seen in simple stoves in
vurious localities (see p 48). The erection around the fire, consist-
ing of four posts with cross sticks, used for drying, roasting, or smok-
ing food, prefigure further additions of the stove. Morton, quoting
from Josselyn and Young, deseribing the wigwams of the New
England Indians, says: “One good post they set up in the middle
that reaches to: the hole in the top, with u stall across it. At o
eonveniont height they knoek in a pin upon which they hang their
kettle, Beneath that they set up s broad stone for & back, which
keepeth the post from burning."* The boxing in of the fire with
cireles of stones, slubs, or mud or daub and wattle walls ar steps
toward  botter utilization of fire snd hint at coming inventions.
Oconsionally & sonsiderable ndvance i= seen in ancisnt firoplaces, In
the anciont pit howses at Luna, Now Moxico, the writer uncoversd a
hearth in the side of a pit. The bottom was o smooth stone alab
and the jambs were slabs of clay baked hard by the fire. The stane
bottom projected m front, forming o little stop.  The contral fire m
those pite was laid sometimes on a pavement of stones (pl. 2, bottom).

The radimentary oven is observed in the primitive firoplace where
food to be baked is buned in hot nshes:

The chimney might lisve ils origin in the embankment, walling in,
or other protection of the lire from wind. The idea of draught had
nol yet sppeared, Sooner or lnter a simple knowledge of draught has

" ARpeevwripg oof Dogcbem M. Turner b Uotbsd Buates Matbona] S, o o4,
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been gained, anid parhaps direetion of smoke i the first object sought,
It is ohserved, however, thal some natives appesr to he apathetio
townrd smoke, and primitive sppearing house fires among many
tribes huve little provision for carrying smoke sway. In s sense the
aboriginal house may be conceived ss & protection to the fire and the
structure itsell a chimney. In pre-Columbian times there were no
chimneys in the Western Homisphere. The chimney was early in-
troduced in Americs, principally from Spamish sources. There is &
chimney of brick in' Gloucester County; Virginin, which is reputed to
hsve been Powhatan's; in any ease it belongs to early colonial times,
The Pueblo Indisns, being practical housebuilders and willing to
muke improvements, adopted the chimney many years sgo,
post-discovery America the use of the chimney was sporadic. The
grent mass of the population retained the time-honored open fire.

In Eurape the chimuey is not very old, having been introduced in
the fourteenth century, The development of the chimney took plaee
with other developments of the fire for special purposes and better-
menta, and will be discussed under cooking, warming, ete.

FIRE IN ARCHITECTUHE

Fire hes had an imporiaot inflosnee in apchitegture.  We may
regand the primitive hiouse s circular and conieal, and built 1o eon-
tain one family, This type has the fireplace in the center und the
apex of theroof is left open to carry wway the smoke. It is distrb-
uted widely in the world among the less-advanced peoples; Ancient
references, inseriptions, and other such data show the bechive shape
house rs probably the earliest form having delinite architooture, an
advance over the simple windbroaks and lean-tos. We have sugges-
tions of the curved or softer 1ype of atructure dﬂ!lg}[l in nature. The
primitive girculnr bouso and its firn toust be in conformity, and the
house is built around the fire [or severs]l ressons. The first reason
is that the liouse is built of inflammable material, and the fire ean
not be salely laid to one side. Another reason is that the fiee in the
center allows the greatest area of floor space af an equal distanoce
from the hest and light, Fuorthermors, the fire and smoke exit
mnet coineide, atid one of the earliest ohecrvations was that smoke
goes upward and into the comieal roof, which in this sense iz a fare-
runtier of & knowledge of draught, this conieal roof exterjorly boing
the form to shed water. The house has been spoken of ss * elothing
for the family.” It is suggested also that its earliest purpose was the
housing of the fire.

The communal house is lator, and svidently is the coalescence of
several [amily units under a more highty doveloped sovial order,
Horo we have such fumily with ita own fire. The style ol architbe-
ture is changed to oblong, but the interior partitioning to separate
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the families bocomes rectangular. A suggestion of the coalescense
to form the long or communal house is seen in James Teit's deserip-
tion of the housea built by the Thompeon River Indians on the
oceasion of a foast. These Indians built round lodges with fire in
the center and amoke hole sbove. For the festival they built two
lean-tos with fronts facing, and made fires along the alley between,
They coverad the alley with brush and poles thrown over the two
sections, forming an immense lodge.® Another suggestion is the
grouping of five huts nmong the Fueginns, with fire in center of the
group. @

The theory offered, therefore, is that the relationship of house fire
to the house i the open country, away from caves and natursl
shelters, is: Fire infront of s windbreak; in middle of circular break:
in the middle of the conical house, supposed to be an archaic form:
in the compartments of the communnl house; in square or oblong
rectangular houses, generally in the center, and with the develop-
ment of architecture at the side or end of the room,

HEATING APPLIANCES FOR SPECIAL USES

At first the fire in the house was not for any special purpose, but
wns of general utility. The divarieation of the fire had not been
carried on to any important degree. The prime ideas of warmth,
light, and heat for cooking covered most of the employments of fire,
howevor, and were concentrated in one fireplace. The great ndvance-
ment which grew out of the simple fireplace is charncterized by the
multiplieation of devices through which portions of fire are made to
do specinl work., Thede devices are innumerabls, and aro indices of
the atoges of progress through which man has passed. They mark
a very substantial progress, on the wholo without retrogression, slow
in the earlier stages and in the later stages mshing to an enormous
developmant mot to be eatalsgued or comprehended.

i warming the habitation was incidental in the early uses of the
fireplace it is becsuse such need was not spparent. It is presumed
that man was inured to strosses of lower temperature, which even in
tropical latitudes scem grievons at times. It may be surmised that
fire as a warming agent wus appreciated by ansemic or enfecbled
persons, or on certain oocasions, as childbirth. Nevertholess, warming
in established from the first as one of the important idens to be de-
veloped in overcoming environmental conditions.

“And the servanta und officers stood there who had made n fire of
coals, for it was cold; and they warmed themselves; and Peter stood
with them, and warmed himself.” John xviii, 18.

lumes Tell. The Thompecn Lndises of British Colmnbin, M. Awer. Mns. Nt Hist, New

York, val & Anthrop., po L April, 900, p. 198,
“Fannis B. Wend. Evening Star, Washington, Jan. |8, 1,
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The spplication of fire to bodily wants, expressed in warming the
body or parts of the body and the houss, falls into the classes indi-
vidual, family, and collective, as follows:

PEATING
Application of fire 1o bodily wante
Hand atove, foof stove kot
A g e e e
fire,
Warming the body and house. __ - Family .. Braxier, stove lamp,
- .
Water.
Colloetive .. Hteam,
Gas.
Mﬂ“’t

As » preliminary remark, the use of fire extemporaneously for
warming presents many instances regarded ss unusual and not fall-
ing in line with established customs or presenting featurss of devel-
opment from anterior sources. One of these curiosities in the use of
fire was told the writer in 1000 by Dr. Edward Palmer, who said
that the Cocops Indisns on the road in winter build a fire on the
sand for the purpose of heating it. When the sand is heated they
dig a hole beneath the placewhare the first was set, erawl in the hole
and, drawing back the warm sand over themselves, sloep comfortably
during the night.

Another instance, somowhat less ingenious, is given by Roelkhill:
"We passed several Mongol shepherds carrying sbout on the end of
8 stick a smouldering bit of dry dung. Now and then they used it
to light & bunch of grass and warm themselves by the hlaze.,!'4

In the line of development the fireplace comes before the usages
in which small portions of fire were inclosed in various ways for
special purposes. This specialization of uses of fire has grown enor-
mously from small beginuings, and furnishes an interesting group of
objects reflecting various periods and customs. .

Stending first in simplicity in applying heat to the body or parts
of the body are the methods taking sdvantage of the retention of
heat by various substances, One of the curiosities of the Tradescant
Museum, an inatitution founded in Lhe seventeentl contury and pro-
genitor of the Ashmolean Museum st Oxford, was “‘a brazen ball to
warme ye nunnes hands,” as the old estalogus quaintly phroses it.
If, this brazen ball was solid metal and not a hot-water containor it
is in advance of the viten extamporaneous stones, hot bricks, and fiat
irons, which no doubt have hed long use and which probably will never

W, W, Reabhill :m’rmnmmm.aumwmwm
1884, b 30
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be superseded. Spherical balis of metal with serew caps, lale six-
teenth century Englich, used as hand warmers, are examples of hot-
water containers, as are the basins ornamented with heads dug up at
Chester and dating from the Roman period in Britain.®

Many varieties of the hot-water containers have been developed.
As novelties in the English potters’ exhibition at the Philadelphia
Centennial in 1876 were foot-shaped vessels for hot water intended
for placing in boots for drying them, and coneavo-convex vessels for
applying hieat to the abdominal region. The Museum has n rare pot-
tery liot-water bottle (pl. 3, fig. 1) with formed depressions for the feet
of alady. ‘This vesselis of glazed Binghamton earthenware and dates
about 1840, Seévernl varieties of hand stoves are found in eastern
Asia.  They are usually of brass or copper, snd consist of a small
rectangular box with perforated lid like un ineense burner, and have
# hundle. They are often quite artistic pieces of workmanship (pl,
4, fig. 1). Sven Hedin found this variety of heating devics st Lan
Chow, western China, and saye: “Among other things 1 bought sha-
los, or hand stoves, shaped like teapots but with grated lids. You
fill them with nshes, and put two or three pieces of red=hot charconl
in the middle of the ashes. The sha-lo will then keep warm fora
good 24 hours.""

The Japaneso pocket stove, or belly stove, as it i& called, is much
in advance of the examples previously deseribed in that it employs a
specinlly prepared fuel whose origin is probably in ancient experi-
ments to produce o slow mateh for preserving fire for a long time.
The pocket stove is & box of copper or tin slightly curved to fit the
weanrer, snd with perforated sliding lid. Paper curtridges filled with
powdered charconl of s speeified kind are placed in the box, lighted at
one end, and the lid closed.  One chargs gives out s gentle heat for
four hours.  Such stoves are cheap, useful; and offivient. Another
form widely spread is & small vessel with handle, in which a char
oonl fire is carried about and used to warm: the feet and hands,  Per-
tinpe the more fnmilisr exemple of this personal stove is the scaldine
of Ttaly, possibly of quite wncient ongin (pl. 3, ig. 2). These little
stoves are made of bronse knd terra cotta, vase shape, with lid. Some-
times Lthey are real works of art; designed for use by the slite. In
China such stoves consist of a pottery bowl neatly incessd in bamboo
basketry. The Uhinese haunboo portable stove has s hese of guili-
vient dinmeter to provent tipping over and is earried by o handle.
{pl. 8, figs. 3,4). A similiar vessel, oulled Kangri, is used during cold
weather at Srinagar, Kushimir. The fire bowlis ineased in elaborately
woven ogier over plates of mica. On topis s yoke-shape frame with

L M. Sgloo,  The Art of she D80 Englch Potier, Derby, /885 o
# Hpen Hwdin  Throoyt Asdi vol. 8, B, p. 120,
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& loop for earrying without getting the fingers burnt. Collected by
Dr. W. L. Abbott (pl. 3, fie. 5.

the numerous artistio forms of footwarmers is the [talian
copper bucket with brass lugs and ball covered with arabesque de-
signs. The lid is corpnet shape, the base of brass rods forming s foot
rest and preventing the clothes coming in contact with the coals,

In the Biblin Pauporum of 1410% iy pictured an oblong box rec-

in shaps, with strap bars around the sides containing fuel,
This fire basket, which is intended for warming the feet and hands,
is m movable grate which probably antedates the bramer, as in it
could bs burned wood. It suggests in shape the ordinary French
chauferette or foot warmer, & roctangular box with perforated lid and
a handle. A French foot warmer of the eightesnth century in the
National Museum is o¥al in shape of fine brass well wrought. The
lid is surmounted with u grid of brass strips riveted on, The lid is
ornamentally perforated with dinmond pattern and is hinged. The
bail has & handle of wood. '

A Flemish example dated 1785 is a quaintly formed bucket of
briss with » heavy bail hooked into fugs, The lid is convex and is
perfornted in heart and spoirhend design, A beautifully perforated
Flemish brass foot warmer is shown in Figure 2, Plate 4. A curious
Flemish foot warmer utilizes the hot plate instead of the direct heat
of charcoal. The lid is u plate of cast iron overlaid on the upper
gide with brass. The lid fits on a perforated brass drum having an
ornpmentul foot, The bail = of heavy brass rod. The lLeating
sppliance is lost, but was evidently a shallow pan for the eonls, 1t
is probable, also, that the smooth flat top of this stove had some
eruft or domestic uses,

The font stoves of the United States going back to colonial times
are all of the same type, consisting of awooden (rama inclosing a per
forated sheet-iron box having s hinged door. Usually there are four
turned corner posts holding together the top and bottem of the frame.
The omamental perforstions are interesting examples of folk art.
Such stoves were principally for carrying to the unhested churches
of early days. A similur English foot stove is an oblong rectangulir
box lined with sheet iron and having n slat lid lined with perforated
tin, and four vent holes on the sides lined with brass to nid ventila-
tion. The bail hes a turned wood grip (pl 4, g. 3). The foot
warmers of the United States secm (o be of English derivation.

The demand for foot stoves in America influencod one of the sarly
examples of manufscture in quentity, The Ioestion of s many-
factory is not known to the writer, but finding so many duplicates is
good evidence to substantiate the stalement.

HE rh Meetjeal  Famnlom LA,




18 BULLETIN 130, UNITED STATES NATIONAL MUSEUM

Toot warmers roficct tho drawhacks of the architecturs of past
time, when provisions were not mado for hesting and ventilating
publio buildings, ae churches. The foot stoves of New England
récnll this period, when such primitivo devices were carried to
church to prevent discomfort or even freesing in the eold assembly
hall.

LAYING THE VIRE

There is not much information available for the general treatment
of thissubject. It appears probabls, however, that some order in plac-
ing fuel on the fire was early worked out as the result of endless
experiences in the past. Such matters were unobserved as of no
conssquence, and what appeared to be normnl msy have been the
result of designod netions known to be besy, for the purpose. For
this resson only unususl or striking methods were recorded.

Eeonomies of labor and [uel and & msthod of lnying up and pre-
serving firs is observed among the Creek and other southarn Indians.
Four logs are cut and laid st right angles, the ends abutting and
being thrust in as they bumnt away. At the junction fire is built,
The Cherokes, howover, pushed the sticks in parallel, burning them
from one end.® The Jivaro Indians of Ecuador use three logs similarly
and where u larger firo is needod throw small wood on the junction
and fan to s blaze with a fan of plaited grass.® Among the southern
Indians the eross-shaped fire took on a religious significance, nod was:
prescribed at ceremonies such as the Busk or Green Com Dance,

Among the Mandans fire was built with two sticks crossed in the
center, which were pushed in as they burnt. *“This was done because
the First Man told them they must never have a big fire after the
day’s esoking, und showed them how it should bo built. 1€ recalls
the sacred fire of the Muskoegi and other tribes of the lower Missis-
gippl.”™ A cruder method was employed by some esstern Indian
tribes. A sizable tree convenient for handling was dragged up and
one end thrust through the side of the hut to the fireplace. When
the wasting sway of the burning end rendered it necessary the log was
thrust forward '

The methodical laving of the fire logs in the gresi fireplaces of
northerna Europe, transplanted to American, may have had such a
nomenolature a2 was oxpressed in Virginis in 1840. There were four
elementa, backlog, top log, fore stick, and middle atick, showing an
order which is suspocted of having ancient descent. This arrangement
made s perfect fre, smaller Jogs being added against the substuntial
backlog as required. .

&5 B Marey, Beccmuoltssses) (n New Mexios sl Terss, 1584, p. 210,
& A, Simeen. Mol on the Jiverss sad Cobeios [odines, Joars. Auth Tuer, e, May, p S0

=wil] snd Spinden. Tha Mextans, Pap Pesbody Mo, vel L Moo 4 Cumbridgs, Mase , Avigoi,
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% Thomes Morton. New Exglanil Cassan, Trinee Boe, Heostzn, 1552, pp. [hi-130




U, B, HATIOMAL NUSEUM BULLETIN 130 PL. 4

HAMD WARMERS AND FOOT WARMERS
Toy, Western Clitis: mizhile, Fambehi and boitem, Ukliod Bisies

Vel Sewnwi FOiGN o SyaTE DN Fagm | F




L. &

BULLETIN 130

U. 5. NATIONAL MUSELM

TN Ay Birrasdedantssi ] S teiieaapy Csenpegy Y funary Yedniemangy fy Seuaegdy Ceipeaily Sy SeRoon sUpLE G0 s i SR IR R |

Wi WOwd EEE AT S0 WOTLEE0IAE iS4

W ol pEpredy Yy

SONO L MVIOM] NYDIHINY




FIRE A% AW AGENT IN HUMAN CULTURR 19

DEVELOPMENT OF FIRE TOOLS AND FURNISHINGS OF THE
FIREPLACE -

In extension of the remarks covering the rudiments of invention in
the fireplace, the growth of thess inventions muy be followed to {he
threshold of the age of progress.

It is evident that the first fire tools were sticks, uncestor of the
poker.  Such undifferentinted pokers are always present around the
fires of unadvanced peoples. Nocossarily the puker is not subjeet to
differentintion, and remains throughout the ages a atraight tool for
stirring the fire.

For removal of a brand or heated stones from the firo tongs hove
been invented. The simplest form would be two sticks hold in the
hands in spposition sgainst the ohjeot 1o ba removed ( pl. 5. 6gs- 1, 2).
Among the Northwest Cosst tribes two sticks with s grommet of
bark or twisted wand over one ond suggest tongs. The sticks are
luttened on one side and form an efficient tool. Less ussful tongs
are mude by splitting a stick part way. The Puoblos and oilier
Sonthwestern tribes work out s stick into two spring prongs and use
them for picking up spiney friit of the cactus and coals {pl. 5, figs, 3, 4).

In & oave in Utah, Palmer found anoient wosden tongs. The same
style of implement is riow usnd for handling Lot stones, either to place
them in boiling food or in the roasting trays for préparing seeds®
Following these is u long line of tongs showing minor variations
whioh resches to the present,

Seissorliko tongs nre found in Spain for use about the bragior (pL
8, figs. 7,8). The smull bronzo tongs shown nre Danish and wers
used in borrowing fire (pl. 5, fig, 6).

In the development of the fire shovel the eroteh stick used for
lifting is presumably » very estly form: The Pomo and other
Californis tribes mado & lifter by hending a slender rod of wood nt
the middle portioninto a loop and the struight parts of the rod are
brought together to form o handle. When finighed this implement
ig like the castern Indinn ball racket without the net Incing (pl 5,
fig. 5).  Generolly in Americs such devices sre used where hoiling by
moans of hot stones prevails and for moving the stones for the swenat
bath. Theforkand thesliovel nppear to be onein development, Avery
ancient two-tinod fork of copper found by Sehliomann in Mycenso was
:ﬁ:utiﬁud by him as an implement for stirring and regulating funerary

it

Tha fire-blowing tube has survived in Europe, A specimen seoured
in Spain in 1892 by thé writer oonsists of § brass tube, the upper
end open full and the lower end having only n small hols, the objest

L]
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being to send out a jet of air under pressure. The lower end has two
iron prongs for stirring the fire and the upper end & eurved hook for
hanging the implement to a suitable peg. The two prongs on the
end of the Spanish fire blower nlso suggest a survival.

Early shovels consist of a thin, circular, flat disk at the end of &
handle. The eult shoval of the Parsee used to tend the sacred fire and
the Spanish shovel for tending the brazier are of this form (see pl. 8,
fig. 2).

The curved shovel is of comparatively recent invention, whils the
fiat shovel resches back to the Bronze Age.

AR ON

The andiron, as noted in another place, has its first steps in the
primitive arrangement of the fireplace, namely, the thres or four
stones putin the fire to support the wood, and much Iater to support
cooking vessels. The primitive stone andirons are perpetuated in the
three bosses of simple stoves of warm countries, and presumably of
tripod vessels under which fire was built. The long metsl andirons
are perhaps related to the four stones placed in the fire or to the slabs
placed at the sides of the fire. They may refer slso to the grata bars.

The study of andirons, with various additions growing out of the
needs of the diferent periods through which this primitive device has
passed, would begin and parallel the histary of the stove. From the
stones in the primitive firo to the elabornte landiers and andirons of the
French there were muny additions applied at the demands of the cook,
until at the later stage the andiron beecomes both a support and s stove.

TRIVET

The trivet is aniron stand with thres feet, used for raising vessels
above the fira and in this sense & apecinl andiron, It is an introduc-
tion of the Iron Age, and morphologically would be represented in
enrlier stages by the three stone supports sot in the fire,

The name refers Lo the Iron Age, but the form in wood i= doubtless
fur more ancient, and from which the gridiron may have been dorived.
These structures of wooden rods laid upon crosspicces supparted by
forked sticks were not designed to resist fire sction, but were for
preserving food by semicooking, smoke, and drying. Exsmples are
found among native tribes everywhere. The device need not be
considered s soquired, but is likely to be independently invented
through necessity. Historically the first deseription of this gridiron
in Americs was by John Smith concerning the Virginia Indians, and
giving a drawing by John White, about 1600,
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The iron gridiron of ancient antecedents was s most valuad utensil
und wae employed so long aa the open fireplace survived. Examples
iwre now preserved in museums, where t]mrmintaruﬁngupau@iy
far the skill displayed in their artistio ironwork. The gridiron being
an essentinlly indispensable devics in cooking, has taken its pluoe in
the elaborated cooking stoves and has its latest use in the electric
tongtor,

GRATE

There is little information available on the untiquity of the grate.
The grate na such, with bars, does not appear till quite late, with the
stationary firopluce. Tt is nocessary to look for its earfier forms in
the heating spplisnces where draught is ptilized. Here it ocours
in the bars to pravent the fire falling below into the draught chamber
of braziers and simple stoves. A suggestion of the grate is seen in
the gridirons which appesr in the Iron Age. In the neeropolis of La
Quenique, Court-Saint-Etienne, Belgium, of the Hullstude period,
early Iron Age, were found “a curious group of household utensils,
ol of iron, composed of the following picces: A large fork with a
dowille, dowell, » kind of fire shovel with hollow rod, and part of a
grate mado of a single piece of bifurcated iron bent many times. A
similar grato, but complote, was found in 1909 in the course of the
exeavations of Aliss. It monsures 1 foot 5 inches long and about 7
inches in width. It was accompaniad by & fire shovel similar to that
of L Quenique,”s

TNAHE

The nocessity for suspending vessals over the fire is expressed in
various inventions, the simplest of which sppear to be rod spits
and the gridiron grato, The rod spits, holding ment to be roasted,
stuck in the ground and inclined over the fire, precede the crane,
The iron rod of the Gypsy, which is used ss the wooden spil, is &
curious survival which serves now for suspending the cooking pot.
The wripod, which is sttributed to the Gypsy, appears not Lo be o

; charncteristie device of this people.  Another form suggesting the
orane cousislg of & womlett rod Isid in two erotoh sticks set in the
ground at the sides of the fire. The needs of any period are met in
much the same way. When the fire is placed in u built-in structure
und the lireplace properly so-called hus boen doveluped, the need for
the crane is presont. [t is & horizontal iron bar with & brace mors or
less eluhorated by the blacksmith's skill; awWinging on t wo pins snchored
in the wall of the fireplace. This erans, comnion in the early part of
the ninstoenth ventury and probably going back into the Tron Age, has
now become an antiqus. With the erane came an sssortmont of
pothooks and oceasionally folk invention produced an: extensible
ratchet or plug and hole pothouk,

‘Mrhﬂlhm'd.mmmmﬂhnm




22 SULLETIN 130, UNITED ETATES SATIONAL MUSEUM
DEVELOPMENT OF DRAUGHT

Draught is of primary importance in the adsptation of fire ta
human needs. In sll phases of the fire art svme attention has been
given to the sir supply in combustion, snd thoe plans for control vary
from the most primitive Lo the exact caloulsted formulss and
appliances of the present. The history of the valusble utilizations
of methods to increase heat, so important to human progress, is first
and chiefly coneernced with dravght and second with fuel.

The coals of a simple eamp or house fire tan be givon temporary
draught with & fan or such mesns. When n fire has & sufficient
amount of foel the uprush of heated gas and air currents gives the .
blaze shsorved nnd the necessary draught.

[n u confined fire with chareoal as fuel there is a slow combustion
without draught, and any extra heat required may begiven by fresh-
ening the couls with n fan or blowing tube. With natural wood fuel,
however, there is required peration from below il most cnses to insure
eombustion without too much amole,

Draught is classified as:

1. Natural, its the uncoversd fire caused by uprush of heated gas
drawing in below displaced air; without design.

2. Tnduced, by placement of stones wround the five and » stone or
vessels nbove the fire; by raising the fire above the buse level; uni
regulardy piling the fuel.  The first steps of designed draught are seen
T

3. By pinrcing holes above the fire and a confined vessel; by piare-
ing holes in the bottom of a vessel; by base or under strueture giving
an air chamber. Later these festures are combined in one stove.

In the simple fire receptacles where small portions of heated fuel
are installed, there is n6 provision for draught. 1t appears that for
u long period 1o necessity for draught arose azide from simple blow-
ing or fanning, ss mentioned under bellows, which would' bewuilicient
to hrighten the fire for temporary uses. 1t is found that in the
simple fire containers fuel was the important thing, und there s
shown to have beon a development of fuel lending to the nseof char-
conl.  Charconl marks a grest advance, equivalent st lesst to &n
epoch-making discovery. Incidentully the extension of the use of
chareoal, giving rise to a demand for this fuel, was responsible for the
firat inroads on the forests.

The minor fire vessels murk the first tentative elevating of fire
above its primitive bese line and puved Lho way for the applicution
of draught buneath the fire.  When chureoal is used ns suggested, the
necessity for acration of the fire from bolow is nob pressing, bul in
the burning of other substances for special purposés it wias seen that
draught wea necessary, Beoginnings are ohserved in burners for in-
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conge, where o few holes pierce the sides of the primitive pottery
censers, It was customary to put in the vessels conls nnd throw
upon them the incense.  In many ceses the gums used have s tend-
ency to smother the conls, and this exigenoy was met by air holes
1o keep the coals alive. The mdest censers in Amerien, employed
by the Lacandone Indians of Mexico, figired by Dr. Alfred M. Toz-
zer, hud no provision for deanght ™

A ulight draught was induced in many of the simple fire basins,
ezpecinlly those with projections on the rim, when a vessel was sat
on the projecting supports. There would be n slight ourrent of
heated gases aml returning sir through the openings eaused by
the holding of the vessel away from the wall of the stove by the
projections, This draught evidently would not be sufficient to
onuse the mstallation of vessel and stove to be of more than limited
utility, and side draught holes nod under draught would follow.

In u censer from Carmen, on the cosst of Monduras, of the goblet
type. with mask on the edge of the rim, there is s small hole in the
center of the bottom and two holes on opposed sides of the bowl.
These urifices are small and they would sppear to be of limited value
in furnishing driught, but thet is evidently the design. The small
pottery fire pots of the Tule Indians of the San Blas const, Panama,
have w number of draught holes in the bottom. These are figured in
the chapter on stoves.

The cireulir underground rooms called kivas, used by the anciemt
Pueblo tribes for ceremonial purposes, required some method of ventils-
tion. *  The fire built in the fireplace on the floor of the kiva and the
presence of nimbers of eelebrants would vitinte the air to & dangerous
degree at times, As pointed out, the tipi or lodge has & smoke hole
#t the apex and a door in the side, thus funefioning us u stove. The
ciroular kiva of the ancient peoples of the northern part of the Puoblo
rogion had u flue running under the floor from near the fireplace to
the wall, where it connected with sn upright flue on the extenor
(Bonito and other Chaeo Canyon ruins); or the outside flue oponed
into the kiva at the floor level (San Junn region). Another feature
of this installation i & deflector or screen of stone, wattle, or adobe
in front of the fire, whose function appears to be the diversion of the
dranght, In the history of ventilation this feature of the ancient
circular kivas may be considered n great sdvance. Such kivas have
been uncovered in prohistoric sites and they show the use of draught
ventilation in America at an indefinite time bofore 1540, Modern
kives have no such deviee, and for this resson it muost be soncluded
that the knowledge of the ventilating flue passed out with the people

!;.l.m M. Trater. A Comparative Sty of the Mars s Larsadonm, el Tmt. & mes., Now York,
), Walter Fewiee, Venillatory m Ceromonis) Tocms, At ARERrap. sew ser.. Jnly--Sapiesibes,
TD0R, pips. D873,
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of the circular underground kivas, As a suggested corollary, the peo-
ple mentioned left no inheritance in the present Pueblos; that is, the
stem was: broken off,

In passing it may be said that the Hopi feld-oven flue has no con-
peotion with tha circulsr kive ventilator,

BELLOWSE

A very early experience eoming to all who attended the fire was
the effect of currents of nir on combuation. Draught also determined
the loeation and protection of fire to s great degree. These primitive
dispoeitions were weighted with future advanoes of grost importance.
The encouragement of fire by means of eurrents of air has its sim-
plest ‘material expressions in a leaf which becomes the fire fan of
world-wide distribution (pl. 6, figs. 1-8). This simple device does
not arrive at its full development till in the highest civilization the
fan blower is invented.

The impulse of human breath is an early method of blowing the
firo and does not become tangible until the tube blower for concen-
trating the air appears. This device is met with in many parts of
the world, and in Ameriea especially is connected with primitive
metallurgy. The tube, it may be said, remains in the higher fire art
as the tuyere of the furnace through which the blast is driven.

Mucl later than these devices comes the bellows in its simplest
form, & bag for impounding the air and acting ss the humsn lungs.
Simple forme like this, consisting of a single bag fumishing an inter-
mittent blast, sre found in Asia (Tibet) ™ and Africa (Ehartoum,
Egypt, ete.). In Africa sn advance is made by satiaching two
impounding bags to the nozzle. This device was kmown in Egypt
ns early as Thotmes II1, ss shown by wall decorations n:lapmtmg two
leathier bags fitted in a frams, the operstar standing opening the bags
with o cord und closing the mouth alternstely with his foot™® The
Hindu ballows is slso worked by the heel or thumb of the vperater
closing or opening the inlet.

The necessity of s continuous blsst more easily mansgeahle mual
have been obvious to the workers having the simple bellows, The
first, stops toward the valve are observed in Africa, where the struc-
ture of the bellows is & carved wood {rama of Y shape with two
bowl-shaped cavities st the mmds of the wrms. Owvor the bowls are
tied snmowhat loosely pieces of skin with the fur side inwanl. Plung-
ing rods are fastened to the spex of tha skin bags. On the upstroke
the air is drawn in around the adges of the skin, and on the down
stroke the fur is compressed sgninst the edge of the bowl, giving.a

I;.w.'u.mt Journey Throtgh Wosgells and Thal, Gmitheniun Tnofoss, Waabigran,
], 0, Wikiesm. Anshena Exypt. New Torr, T vl 4 g, iz
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valve sction. This may be considered a most ingenious adaptation
of means to an end™ (pl. 7).

H. Mitford Barber desoribes the bellows of the Shangaris snd
Basutos in oustern South Afries. The bags ure made from the whols
skin of the suble antelope, with the erifice stitched up. The tubes
are of the horns of the antelope cut off below the natural cavity and
the buse festened into the bag. The other ends are thrust into two
perforated stones Jaid sgainst the fire. The valve is » slit in the
canter of the bag edged with two sticks having u loop for the fingers.
The air is simply impounded and foreed out, like bellows m southe
ern India. "™

A somewhat similar walve to the Gaboon specimen desoribad
is found in the piston bellows of Barnoo, where two plungars tipped
with a mass of downy feathers are thrust alternately inte bamboo
oviinders. The feathsrs sct as s valve, sa shown in the hair cheek
of Africn. This type of bellows from its wids distribution, mainly in
the Malsy sres, is called the Malayan bellows. The distribution
Is Siam, Assam, Salwin, Sumatrs, Javs, Timor, Philippines, Mads-
gascar, and Dorey, New Guines.

The Chinesa bellows is s rectangular box with piston coversd with
cloth pulled by a rod with handle. The thick baseboard of the box
hins u slit 6t either end leading to s hole in the edge where the two
openings meet. The ends of the air chamber are pisrcsd with s
small grating. There is no valve cover over the gratings in the
specimen observed in tha collections of the United States National
Museum, and the inference ia that they were stopped alternately by
hand. Thus the bellows required two persons to work it and is in
the valveless cluss. The Chiness, however, must be eredited with
knowledge of the valve.

The Japanese bellows is described by Perry: “Their bellows -are
peculiar, being & wooden box with air chambers, containing valves
snd & piston which is worked horizontally at one end like n hand
pump, whils the compressed air issues from two outlots at the
sides.”"* Tha outlets are near the ends and are spparently elosed
with valves which ot slternately on thoe back and forwarnd stroks of
the piston. This bellows is decidely in advanes of the Chiness form.

The piston and box bellows were not introdueed into Europs.
The inheritance of the bellows was evidently from Africa in the form
of the windbag, from which were derived all the Yarous common
forms with valves developed befors the age of great invention.

In conneetion with this subject mention i made of & umique blast
apparatus used by the Lepeha jowelers of Sikkim, India, 1t is of
mmmdﬂmnmummwm (0, THo. 186, MTR, A O

™ jemrn. Anth Lok, Orest Brriiala, i, vol 30, pp 300080 pl 2
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copper in the shape of « gourd with curved neck. At the end of the
neek is n small orifice. The pot is heated, expolling the air within,
plunged in water, and the vecuum crested druws water within the
vessel,  On reheating, the stenm issues violently from the spout and
is directed on the charconl fire in whioh is set the crucible, produeing
a heat sufficient to melt gold. This principle has been utilized in
modern mechanica and is known as the steam-jet blasi,

BRAZIERS

Braziers sre basin-shaped portable vessels, geuerally of metal, in
which eharcoul is burnt without deanght to produese « small amount
of heat for warming the extremities. They are extensively distrib-
uted, but are used mostly in countries of the southern temperate and
tropical zone. They represent the installation of fire in a purtable
vessel and may, on account of the primitive aspect of the device,
stand for the first taking of fire from its original bese level on the
bearth. The brazier, foculus, was used in Pompeian baths and was a
box with four feet. *

The brazier or brazierlike appliances also had uses for cooking, and
will be discussed under stoves.  For these uses the foel is not required
to be chareoul.

Walpols's deseription of the Chilean brazier will apply to this de-
vice in almost any park of its range:

"The brusere is n circular pan of brass or silver which fits into &
broad wooden frame (pl, 8, fig. 2). Over the brasero is somotimes
placed u large basksi, so that of entering a room nothing is seen of
it Ul the lady draws back from what she and her gown had com-
pletely enveloped.” =

Another writer aays of the Spanish bragier: “But I found st
Burgos the snow s foot deep in the streets; and o total nbsence of
fireplaces. The Spanish brazier—a big brass warming pan wanting
a handle but set in & wooden stool & foot from the Hloor—a fine thing
for u chilly evening st Cadiz, with the windows open; but st Burgos
in & snowstorm—ugh!—it is an invention of the evil one, & very relic
of the Inquisition. T shiver still at the name of it,” ™

Incidentally the use of the brager in Spain, France, and Italy is
attended with many fatulities caused by the carbon dioxide gas de-
voloped by the burning of chareoal in confined rooms.

A brazier of bronze having & foot, busin, and three spike rests pro-
jocting diagonally upwaed from the rim was found in s grave as In.
disn Hill, Ipswich, Massachusetts, by Charles C, Willoughby, director
of Peabody Museum, Cambridge, Mussachusolts. The specimen is

" Hanrpers Dicthomnury of Clustlon) Litera b auid Antlyiitien, Mow Tark, 1507, p. 19,
Wilpede. . Foot Viensy bn Ui Pesifle, Taiidin, U060, vel L p. L
SFpunith Feoin sod Eoglish Fapsiss, Lond, (lwe News, November, 15858, 0. 55
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supposed to be Spanish carly sixteenth century. Tt was obviously
not used for personal warming, but woull serve for cooking and for
warming water. The illustration shows two small holes cut in the
wall of the vessel.

In Mexico particulurly the brazier resched s marked development
unaffected by European influences.

In spesking of the elan house, Fiske states: “A lighted bragier
stood in the middle, gnd before tasting the food ench person throw a
morsel into the brazier as an offering to the fire god” (pl. 8, fig.1).

Simple pottery braziers are still continued in use in Mexico, In &
cliff dwelling of Arizona the writer discovered u coiled pottery howl
containing ashes and charcoal which was evidently a brazier® (fig. 1),

The fire pots and brazierlike firo contsiners whick may be for
eithor warming or cooking are considered simple stoves, They pos-
sess the essentinl feature of
stoves, namely, the fire. Gen- - s
erally charcoal is the fuel bhurng
in them. They wre in most
cases baked ecarthenware, and
the form is subject to individ-
usl and racisl craftsmanship
{pl, 8, fig. 3).

The Philippine pottery bra-
zier is n graceful vessel with
flaring rim and parrow foot,
Fﬂﬁﬂhﬁ aud - decorated with Fri, L—POrTEny Unisios, cOMTAIING CHARSGAL
stamp designs. It has soveral axvame. Cier Dwrto, Totisoss Hrves,
small round holes a short dis- N*¥ M=meo
tance above the base, showing that some of the requirements for
draught have heen observed. This brazier was made and used by
the Tagals of Union Luzon.

Accompanying the use of tes and tobaceo are NUMErons minor 1ss
of fire, which take their origin from the boxed-in fire and brasier.
These have their highest expression in Japan, where art in utility is
# characteristic. These consist in the simplest form of u tray of
natural fine-geain wood having grasping openings on two sides. In
this is placed a poreelain bowl hall filled with white ashus, forming &
bed on which the charcoal is placed, This form is really & small
hibachi, Another form is & wooden box with handle huving compart-
ments for the fire, pipes, etg, and drawers for the tobmeco. This
outfit is designed to be carried sbout for the smoker’s convenisnce,

0. . Wilkmgtty, Todian Snrial Plaos et Wiat Masmchusils, Pagers Peshody Mis Sammr.
m.“.".ﬂ'ul,mnﬂ. i s

= Job i, The Disssvery of Amerion, val. 3, 1852, . 267,
* Cultame of the Annhent Pusbios o iba Upper Olls River Ragion, New Matios and A risns. Recond
‘Museain-Oate Espulition, Dull, o7, U, 5. Sat Mus, Weahilegion, 1091, i 3.
102837 —20——4
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The hibachi proper s an indispensable belonging of the Japanese
household. Commonly it is an earthenware cylindrieal vessel, set in
& deep wooden tray somewhat less in height than the vessal and pro-
vided with openings at the ends for lifting. A bed of fine nshes is
placed in the vessel, on which is located the chareoal fire. Accom-
panying the hibachi aro an iron trivet, a small shovel, » spatulate
implement for smoothing the ashes, und & pair of slender pokers
usod as tongs.

In Japan there is in use a brazier called kotatsi, a pottery vessel set
in & square wood frame, It is placed in the canter of s sleeping room
in very cold weather, and people sleep with feet against the kotatsu,
over which is spread s quilt.

There have been in Mesopotamia cast-bronze braziers dating about
the twolfth century, hexagonal in shape, with ornamentally pieresd
sides inclosing & bowl. The legs ars formed by sngle pisces riveted
to the side plates, and raise the vessel several inchiss from the foor.
Crescont ornaments on the upper edges of the side plates sppear 1o
represent the sacred horns, very ancient emblems of the powerful
bull gods,

The Parsee bragier for the sacred fire is vase shape, of mets);, and
with drop handles, The metul tray for the sacred wood kindled by
the hent of the fire in the brasier scte on top. As there mre no pro-
visions for deanght and the bray serves to smother the fire, it is diffi-
ocult to sea how the sacred wood on the tray could ignite, #

Of the great antiquity of the Yrazier there can be littls doub, as
& research into the history of the device will show. The brazier
must, howover, be placed developmentally in the period whon rola-
tively considerable advance in the arts of life had taken place, pre-
sumably not before the use of pottery,

Thg brazier is especially interesting in the history of the stove, of
which il was the antocedent and which is discussed in the following
section.

FLUE STOVES .

Tho vonduction of heat through flues for warming rooms by in-
direct hest radintion is un old deviee of uncertain origin, which is
characterized by primifiveness in the Esst and advanced invention
und art in the West. The Romans mado extonsive use of this prin-
eiple, and it ia said by Senoca, who flourished about the middle of tha
first century of the Christian ers, that in his time s particulur kind of
pipe was invented and affixed to the walls of buildings, through which
hest from & sublerrunean furnace was made to cireulate®  The ealida
or furnace stove waa known to the Romans and Greeks.™ Tt is the

S L M. Cemaowia. Proe U. 5. Nat, Mo, ol 81, 008, o5 pl &

®Tié Faperenis of Prodedons sad Trades, Philaduigibin, 104, p, 210
= Emiih'y Diietlvsssy of Clnssien) Anshgeithe, . 20
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hypocaust, which consistod of & furnuce with flues running benesth
ahnﬂummdinthn'wﬂhufmmsudfumhhinghmm&!ur
warmth, The indirect heat of the hypocsust was also taken into
account by the Roman engineers in heating baths and houses, &s in
the brick stoves of Northarn Asia and Europe.

Asistic references give us what appears to be a primitive heating
apparatus in use in North China and various parts of northern Asin.
Ravenstein refers to this stove in the Amur region st the junction of
Usuri, stating that the khang is a diwsn or inclosed bench warmed by
the smoke of the fire passing beneath it. The old-fashioned flues for
warming greenhotuses kre on the ssme order,”

The K'ang is un economical device for warming. It consista of a
horizontal sublorranesn flus forming & box in & room, in which fuel
isburnt with 8 minimum of deaft, “They sloep on kangs, rectangular
mounds of earth and brick surmounted with Inyer of cemonted
brick deep enough for & person to lis st full length., They are heated
by & charcoal fire. The Chinesa slesp on them without mattress,
rolled in & thin quilt, and eonsider them vastly superior to our
beds. '

Rockhill says that in the inns of Hsi-ning "the rooms are frequently
without k’angs, having only copper fire pana in whioh they burn
bricks made of coal and chopped straw.  On the broad, flat rim of
the fire pan stands usually a pot of tea and milk, When there ia a
E'sng it is often only n wooden box without any chimney or
firing hole; the planks on top are removed when it is necessary to
light it, and, dry powdered manurs having been spread under it, a
few liva coals wre put in and the planks replacad. Tho fire smoulders
till all the manure is consumed, and Lhe heat thos created is con-
widerahle,””™ Tn thisosse the slow combustibility of certain miaterials
15 utilized, as in the Japanese pocket stove and even in the cold
frame for rearing plants.

The Russian, Scandinavian, and Narth German iron and brick and
tils flue stoves are in the class with the kang as parmanent installs-
ﬁ;rn;n l'ci;lr the slow radiation of heat. Thoir charaoteristic is the uss
al b .

The Russian stove is divided internally by thiok fireclay walls
into several upright chambers or flues, usually six. Some dry fire-
wood is lighted in u suitable firepluce and is suppliad with only suffi-
tient air to effect combustion, all of which enters below and passes fairly
through the fuel. The heat Pnsses through the fluss and is absorbed
by the 24 surfaces. When thers is sufficient hent the chimney opening
8 olosed and tho fire put out, having done its day's work. The heat
i radinted and produces a delightful temperature, The outside of the

" Ravemtets. flmslans oo the Az, Lendon, 1801, o 100 =

» Wemen's Wik for Women, May, 165, p, I8,
W, W Beckhlll The Land of the Lama, Now York, 1600, p. 55,
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stove is covered with tiles of porcelsin. The stove is sometimes
built between rooms, or by & flue connects with & hall reservoir.
These stoves eost from one to two himdred pounds. **

The Seandinavian stove, commonly used in Sweden, Norway,
Denmark, and North Germany, is n tall, hollow pillar of rectangulsr
seotion, varyine from 3 to 6 feet in width and rising half way to the
ceiling of the room and sometimes higher, A fire is Lt in the lower
part snd the products of cambustion on their way upward meet with
horizontal iron plates, which deflect them first to right snd then left,
and compel them to make s long serpentine journey before thoy resch
the chimney. That heat is rudiated from s large surfsce is the
prineiple. It is also built between two rooms, perhaps botween
kitchen and another room, and is very economical; ™

In Norway the tall, iron-flued stove superseded the groat open fire
with no chimney obtaining sinee ancient times.

In these countries the tile stove is an important feature of archi-
teoture, and somstimes the house s built around the stove; which
ia placed in the center and juts mto four rooms. They are often
alaborately decorated and very costly.

Both the tile and iron-flue stoves represent s great cconomy of fuel,
and it seems unfortunate that they have not been introduced into the
colder areas of North Americn, where sustained low temperatures
extend over many weeks. A little wood is burnt in the stove once s
day or twice a day in very eold weather, It is observed that the
Russian stove merely nmeliorntes the room tempéerature and does not
heat the air to a degree of positive comfort.

There ure several reasons for the development of this kind of stove,
severs climate, scarcity of fuel, state of advancement in housing aris,
ete. In the high latitudes of the Western Hemispliere no such de-
velopment has arisen. In & senso the Eskimo lives in his stove, rep-
resented by his noncondueting house, which the lamp and human
hoat radiations render often uncomfortably wurm.

Thoe northern Indian, by selection of place to eamp, structure of
his wigwam, and the possession of abundant fuel, aeeomplished the
anme protection,

COORING

The history of the use of fire in cooking is of great interest. Two
umportant facts nppear in the study of cooking, and are seen in the
variety of special inventions for the applieation of fire to the ob-
jects to be cooked and the many mechanival and technical deviees
acoompanying these uses. The second refers to the {ar-reaching

" Comdimmd from M, Willlams, The Exglislenan's Firoslie, Belenm = Bbot Chapler, p. 216
BTl Ruglishinse's Fipplls, Belenng (n Shard Chepters, 1 209,
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effects of the use of cooked food wpon the progress of mankind,
which nffers a basis for an extended study merely to be suggested here.

It ia soen that the special inventions mentioned urise primarily in
the stages of progress, and socondarily the incrensing variety of proc-
esses are due to the substances to be cooked, For example, animal
substances require certain teoliniv, starting with those simple dovices
connected with the beginning of cooking, snd vegetal substan ces, whose
requirements for rendering the food edible ars morn complicated.

It is also apparent in the larger consideration of the subject that
environment is & major factor in the character of the food supply and
food habita, “Schomatically we may make n zonal distribution of
food supply to man as follows: Arctie, snimal: Temperate, mixed;
Tropical, vegetal; South Temperate, mixed: and Antarctie, animal.
“ No strict lines saparate theso olasses, so that in regions where it is
commonly said that the: tribes am moeat saters exclusively, vegotal
food is also of importance, and vies versa,™

The following table gives the processes used in couking and the de-
vicos coming under the various heads srranged in the suggested order
of development :

CLABIIES TN OF MOHIGG PROONESES LA DEVICES

Roasting snd brolling... Broche, skewer, animal In
akin.
Spit,
Giridiron.
Grfil
Feybg-. . ____  ___ TFlatstohe
Pan,
Deap fat vissal
Buking . ... ... . _ Flatstooge,
Pottery vesenl with cover,
Oven .o ... Hut stanes ou objend,
Clsy cover,
Pit oven.
Reflegtor.
Haker's oven.
Duteh evim,
Oven in moge,
Elsctriy pven.
e s s e OUODES i Daaket
Pot over fire,
Btewing - -, . - Pob ;o manges.
Steam Jarket pot.
Chafiog. . ___ .. ... In can or sleaming.
.......... Uver holling water,
Sunpdey o o T Expoaire to hot sun.
Bloodrdo. .. .~ —— Above melliols,
Chemleal __._______..__ By lime.

™ Arvisle, Feed Alaeeibood of Amertom T, Hull, 50, Bar. Amer, FEiloakiy. (007, p. a8
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Another tabulation shows the application of hoat in eooling:

HReflector (direct and re-
flected hant).

T T S, ., (] SSSes———— | § T

Doep fat.
Rl e Hol stones.

Stone slaha
Burying in conla.
Coating wiih alay.
Owven and plt.
Band bath.

Bodlling, stewing. . ..____ g..:ht nnd hot stones,
o

Stew pan.
Chafing dish.
Bleaming . ... ... .. __ Bleamsr.
Desstfeatinn In sun:

BY haat. - Bimblg — s I Bt sin.
Bralr o i % Electrie.
Clhemioal,

The synoptic history of the development of ecooking devices is
shown by specimens in the United States National Muoseum. The
courss of development is as follows:

1. Broiling sticks. Stuck in the ashes of the fireplace; fish are
gpitted on them for broiling. Ainos, Japan. Bruiling fork of iron.
Sioux Indians, Dakota,

2. Gridiron. Set over coala for broiling meat. Colonial period.
United Stutes.

3. Frying pan of stone, Frying pan on small stove of esrthen-
ware. Korea and Portugal.

4. Baking dishes. Of soapstone; heated and filled with weorn
mush, which is baked by the heat of ths stone and before the fire.
Hupas, California.

46, Samoan pit oven. Alternate layers of food and hot stones are
placed in the pit, covered over and allowed to baka,

5. Oven. Iron vessel with short legs, handle, and heawy lid, for
EI:m;.l';l.l]g by means of hot conls placed on top and undemneath. United
States:

6. Boiling basket. Food to be cooked is placed in the basket and
heated stonee nre dropped in. This method is known us " stote hoil-
ing." Southern Alasks.

7. Pot for boiling, Earthenwsre; conical bottom. In use the pot
is set up on stones, Zuni, New Mexico,
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8. Tripod pot for boiling. Earthenware; with three logs, allowing
the vessal to be set up in the fire. Zuni, New Maxico.

#. Coiled pot for boiling. Ancient vessel from the sbandoned
pueblos. Hopi, Arizona. _

10. Shoe-shaped pot. Earthenware, small handle. Tn use this
vessol was thrust in the sshes at the side of the fire. Hopi, Arizona.

11. Chafing dish. Combination stove for beiling and frying.

12. Rice boiler. Double vessel, the lower containing hot water
to provent the food from scorching.

13. Steamer. Double vessel, the bottam of the upper
perforated und wst over the lower vessel containing hot water. Used
for stesming food.™

Ths continustion of the serics belongs in the inventive period
and is not illustrated.

Roasting and broiling—There are introduced here the two simple
and early cooking applinnces, the spit and the grid widely used by
tribes observed still retaining native conditions. Ronsted food re-
quires constant watching, boiled or baked food does not.

An extemporansous spit which looks primitiveis o stick upon which
gume is impaled and held over the fire. Rods definitely made for
this purpose were first noticed in North Ameriea by the Raleigh
expedition and fignred by John White, the first paimter of Narth
Asuerican Indinns. These were sticks sharpened st both ends for
thrusting through fish or other game and into the ground agninst
the fire. White portraysin the same drawing & grid with bars of
wood for drying, smoking; or partislly cooking various food supplics
(pl. 9). The Natohez Indians of Louisiana also use epit and grid.
In spitting lurge lish two rods were often used among the Kwakiutl
Indiuns of British Columbia, The Carrier Indians at Stewart Lake,
British Columbia, also roasted meat and fish in this mAnner.
many instanees of this method, the Roucouyonnes of French Guiana
roasted or dried gume for transport on & grid of four posts with a
rck™  The same devies iz generally used in South Ameries. Under
this clsss comes planking, which is not known to be aboriginal, but
no doubt is &n old method.

Parehing.—Ronsting is nccomplished by the application of direct
heat, gemerally to snimal food. Thruughalommnfmrm-
ing is applied to other methods of cooki , mainly of vegetal food.
True ronsting of vogetal food is sean i the roasting of corn and
potatoes on the live fire. Parching has been oalled rousting, but
is affected by indireot heat, as in parcling corn,  Lafitau ssys that
it waa the universal practice of the wnconts to parcly their grain
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before pounding it, ne Virgil “fruges torrere parant Flammis et
frangere saxo,” “to parch the fruit (geain) and break (grind) them
with » stone."

A method showing the use of small portions of fire is that of shak-
img grains in a vessel with hot poals. A basket is often used, anid
great dexterity is displayed in properly parching the corn without
burning it or the basket. A hot stone is sometimes used. This
method has been noted nmong the Cocopas of northern Mexico, some
Californin tribes, and the Natchez and other eastern tribes. The
Pueblo Imdians parched corn by heating and stiming in a pot over
the fire. Du Pratz says that the Natchez hall cooked the eorn in o
pottery vessel and dried it before parching™

Frying—The Greek word phrigo means to parch,  The word now
may be confined to cooking with indirect heat, the utensils employed
being a flat stone, griddle, frring pan, ete. Aboriginal methods
whoere a dough of seed flour is put on & flat stone and cooked or in s
concave stone dish or on a flat or curved worked stone are commonly
termed baling, but are on the order of frying in it older senss.
With wvegetal food, ns dough, mush, ete:, the effect ia (o dry and
harden in cooking, as in the bake oven.

In the use of stone we are here introduced to soapstone, the iapis
ollaris, potstone, whose properties were much apprecisted by all
peoples who could procurs it.  Frying in the modern sense js cooking
in a pan with gresse in amount or with & little to prevent sticking.
Soapstone does nol requirs groasing,  Fryingin deep fut is effncted by
the high temperature of the medium.  No materinl hes been colleeted
s to the antiguity of this method, but it was probahly known te the
Romans and other nations within the oil line of Europe.

Baking—Food idried snd hardonid by eooking in an oven is said

to ba buked, scconding to definition, and the oven is an inclosad
chamber in which food is copked by indirect heat from the walls.
Baking may be effectod as stated umder frying, without the oven; or
by reflected hent in the reflocting oven stood before an open fire.
_ Interesting primitive or seemingly primitive devices which may
be clussed here under the oven are the measing of birds; fish, or other
amall animals in clay and baking the mass in the fire. There iz
every resson for believing that baking under nshes is primitive. Tt
is suggested in every open fire, and came down until recently in the
roast potatoes and ash cakes of our near progenitors and is revivel
in the camp oraft of the Boy Scouts. The Australisns present
mixed method in which the animal is made the oven,

When s wallaby or other animal js killed they throw it whole upon
the fire in order to singe it. Then & stone or stick is looked for 1o

wi A Swastes, Mull 48 Bue, Soee, B0, 0900, 5. H, T,
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open it. They haveno knives, and seem to he only in the beginning
of the Stone Age. Hot stones are now put inside; after cooking s little
itis divided, and each man goes on cocking his part over the fire and
euting off the erust. Natives' teeth wre worn off to the gums from
constant use. They ent everything except leeches. Australinn veg-
etables are mostly poisonous; and have to be ronsted and pounded
between stones or soaked in water bwo or three days, and the result,
w sort of dough, 1s eaten with the four fingers. Everything is snten
enoked with excoption of the larvae of a beetlos, and they will niot eat
anything that is spoiled. Lizards good. Opossums are mostly eaten.
Grasshoppers are quite good.  The larvae of a treo ant jarred oul of
the holes are eaten. ™

The earth oven or pil oven is both an sncient and widely distrib-
uted devies for copking. It mey be divided into the heap ovens
end pit bvens,  One of the simplor forms of the heap oven ie that of
the Nutka Sound Indians described by Jewitt :

“ When they cook their fish by steam, which ars usually the heads,
tails, and fins of the salmon; cod, and balibuy, a large fire is kindlod,
upon which they place a bed of stones, which, when the wood is
burnt down, becomes perfectly heated. Layers of greon loaves or
pine boughs are then placed wpon the stones, and the fish, elams,
otes, being Inid upon thew, water is pourad over them, and the whole
closely covered with mats to keep in the steam. This is much the
best mode of cooking, nnd clams wnd mussels done in this manner
are reully exeellent.”®

This is the general method among the coast peoples and solves the
problem. of opening shellish. 'The familiar clambake was adopted
from the Indians, Tt will be observed thatin the hoap and frequently
in the pit oven the cooking is effected by means of hot stones, as
in stone hoiling. The Chopunnish (Nez Perce) Indinns of western
United States used s similar method:

“The Indinns prepared n large fire of drisd wood, on which was
thrown a number of amooth stones [rom the river. As soon s the
fire wont down and the stones wars heated they wers laid next to each
other in n level position and coversd with & quantity of branches of
ping, on which were placed fletchos of the besrs { Ursus horribilis), the
boughs and the flesh alternated for several courscs, leaving a thick
layer of ping oo the top.  On this heap was thon placed o small quan-
tity of water, and the whole covered with earth to the depth of 4
inches,  After remaining in this state nbout three hours the meat was
tnken off, It wes really more tender than that which had been

® Couremsation @iven by Aurimallan sxpions, 3fr. Lombolis, st Anthropslegion! Soctety of 'Wshins.
oo, Thee. 17, D580,
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boiled or roasted, though the gtrong Havor of the pine rendered it
disagreeable Lo our palates.” = '

A suggestion of the pit oven is seen in the method of roasting green
corn umong the Omaha Indians.

A trench is dug and « fire made in it and left to burn till there sre
plenty of coals. Corn is stripped down to its thin husks and put on
the conls by women sitting ot the sidea of this trench. These women
have to work quickly to tend the corn so that it will roast evenly,
The ears are handlod with the hands only. When roasted the corn
is cut off the cobs and dried.*

“The Tlelding of California under stress of hunger ste sosproot
( (hlorogalum pomeridianwm), the poisonous properties of which they
extraoted by baking it in large quantities on the ground, covering it
over with green lonves and building a fire overit, which was allowed to
burn many hours, when the root is said Lo be sweet and palatable"™
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Capt. John Smith, spesking of the Powhatan Indians of Virginia,
BRYED

“The chief root they have for food is called Tocknwhongha, Tt
groweth like & fiagge in Marishes. In one day a Salvage will gather
suflicient for o weeke. These roots are much of the preatunesss ind
tasto of Potatoes. They use to cover o greal many of them with
Okeo lonves and Ferne, and then cover all with earth in the manner of
a Cole-pit; over it, on each side, they coutinue s great firo 24 houres
before they dare eat it. Raw it ia 1o better than poyson, and being
rostod, except it be tender und the hest nbated, or aliced and drvod
in the Sunne, mixed with sorrell and mesle or such like, it will prickle
and torment the throst extreamely, and yot in sommer they use this
ardinarily for hread."

The Pomos of California made s fire and put in stones to heat.
When they were hat half of them were taken out and the remainder
pushed together to form a layer, und were coverad with a layer of
| ™ Elllott Coum. Tawls uad Clack Exfied., Mew York, 15s3, p, 1018,

* Pebirrsation by Francs Ls Flesche, Deailer 5, 15000
* Ftephm Fowers.  Comdef, North smer, Etknsl., vol 8, 3507, p. 8.
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osk and iria leaves. Acorn meal was then put on this luyer, then &
layer of leaves, and finally the remaining hot stones. Six inches of
earth was piled on top snd the heap was laft to cook for six or eight
hours, = .

The type of pit oven in which the heating medium is hot rocks
has been observed in many parts of the world. Even the western
Eskimo cook and render harmless the roots of the wild paranip in an
underground oven with hot stones,

Maj. J. W. Powell records that the Ute Indians cooked grasshop-
pers with hot stones in o pit packed with layers of hot stones alter
nating with the insects. The grasshoppers were dried and ground
for food. ™

A pit oven for cooking new corn is employed by the Winnshago
Indians. They dig n large circulur pit 1 to 2 feet in depth, with flat
smooth bottom, heaping the excavated earth in a ring sround the
border of the pit. A heap of new corn is piled near by and rocks are
hoeatod on a fire. Everything being in readiness, the hot rocks are
piled in the middle of the pit and the corn heaped in. lsaving a cén-
tral holo down to the rocks. Earth is covered over the mass and
water poured down onto the rocks, producing a tremendous volume
of steam. The pit remains closed for séveral hours*® (fiz. 2).

The Pomo extracted the poisonous principle from buckeyes by
steaming them underground for two or three days. They first exca-
vate a larse hols, pack it water-tight sround the sides, burn a fire
therein for & space of time, then put in the buckeyes with water and
heated stones and cover the wholo with a layer of earth. *

The rousting of the fleshy leal buses and trunk of various spevies
of agave was an nncient custom of the Mexicuns, and is continued
to this day among the tribes of the southwestern United States and
Mexico. The ovon is a cross botween the heap and pit oven, is
circular and from 6 to 20 foet in circumference and slopes evenly to
the center, 1 to 3 feet in depth, aud is packed with & fire bed of
coarse gravel or medium-sized stones, A firn is built on the pit,
raked over after the stones are hot, and the pieces of agave plan
put in end coversd with grass snd esrth.  After two days' cooking
the pile is opensd and the mass ready for consumption. Tho baking
rendered the serid agave very sweet. At Tequils, Mexico, the
writer obsarved the agave rossted with wood, to produce after for-
mentation a spirituous liguor with a smoky flavor.

Among the Maori of New Zealand food was generally cooked in
the earth oven. This consisted of a hole in the ground in which o
fierce firs of dry wood was kindled, and upon the wood was set n

=5 W, lindoon.  Amwr. Anth, oowsar, vol, 3 1000, . TTR
"I W. Powil Yslorniben of the olemada Hiver of o West, Weshingles, 187, p. 128
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number of large stones not linble to crack with the host. When the
stones had become red-hot they fell through the fire asit burnt down
and wers then taken out with rough sticks used us tongs and set
aside. Tho ashes were taken from the hole nnd the hot stones
replaced; upon these were set green leaves and the food lnid on them.
Edible roots and tubers were lnid at the bottom anid meat or fish
on top. The mest to be cookad was bound up in large lewves to
keep the gravy in.  More green leaves wees placed over the top and
then water poured over, the whole being quickly covered in with ald
mats sonked in water und with soil hastily heaped on so that the
steam could not escape. After some time, generally about one and
» half hours, the oven was carefully opened, the coverings lifted off
and the wellsteamod food taken out, The result was extremely
good, and slthongh almost the only practical mode of cocking known
to the Maoris, there was no complaint as o efficiency. (Of course
they knew how to cook birds or fish by broiling or tossting before
the fire on u stick, but. this was seldom attempted on a large seale.
Not having utensils of metal, frying and boiling or baking wes not
attempted,™

Queensland haking ovens are thus deseribed by Walter E. Roth:

“It will be noticed in the aceounts of the different unimals anil
birds utilized for Tood that they ars all esten roasted — thut is, cooked
on the ashes. A modifieation of the provess, it may almost be callod
*haking, is effectod as follows, and may be mot with throoghout
northwest contral Queensland: A pretty luge fire iz made and s
number of biggish-sized stones rendorwd as hot us possible; at the
sam time u holo is dug close alongside and some of thess hot atones
put in to loe it. The ‘meat,” whatever it is, ia now put it and
oovored over with another lnyer of hot stones, to be followed by
“hide’ of some sort, and a final covering of mud, the whole constitut-
ing a kind of primitive bukehouse. Tt is wsnd especially for sny
very large-sized piece of flesh, emu, kangaroo, bullock, ele.'"™

R. H, Matthews says that stone cooking holes were used by the
Australian aborigines, ™ '

The breadifruit. area, mueh extendgpd by the Polynesian tavigators,
s characterized by the pit pven. In some eases waber is poured in
un the hot stones, as among the Muori, and in some localitios. this
custom is not followed.. The Polynesinns were akillod in the use of
the pit oven, und pigs and all sorts of other food wore cooked as
required.

_ Oue typeof pit oven does not require the useof heated stones and
is &n advance on the other type. The simplest form of this oven fs

B Eqwwrd Toopsa, T Mouri Race, Wangnni, New Zetinod, Hd.
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found mnong the Yurok Indiens of California, who poured uneooked
acorn meal into small sand pits dug in the river bank, around which
s fire was mude until the mesl was cooked, then the outside sand was
brushed off and the bread was ready to be esten.™

The Cors and Huichol Indians of Mexico use the hested earth oven
without rocks. “ When u deer is killed and can not be consumed
fresh, the carcass is placed in a large hole in the ground, which has
first been thoroughly heated, and then coverod with grass and
branches; the meat thus beeomes slowly and thoroughly baked.” ™

1n 1003, in mounds north of Chillieothe, Ohin, W, C, Mills discov-
ared traoes of 4 great clambake, in which it is estimated 10,000 mus-
sels and gume were baked in o pit 4 feet in dinmeter and 10 feet desp.
This was n heated wall pit in which no hot stones were used, and s
thus of the Pueblo type. The lutter are community ovens consist-
ing of n bottle-shaped eavity excavated in the ground and provided
with a draught hole. In these great quantities of green corn ears
wore cooked. The method wus to heat the pit, the draught hola
asstating oombustion. When the pit was heated the fire was drawn
wnd corn piled in and the pit closed for 12 hours.  The opening of o
Mt was the oceasion of much festivity. Small fumily ovens with a
draught hole; und others consisting of merely s coarse cooking jur set
in the ground oovered with i stone, nre nsed by the Hopi for eooking
mush. The Zuni siso have several forms of ingenious pit ovens™
(pl. 22, Giga, 6, 7).

Ln the sbove ground oven we upproach the modern developement
of this important domestic sdjunet in which true baking is effect od:
The form seen uround the Mexican villages and esstern pueblos of
the sonthwestern United States are conicsl or dome shape, the walls
of elay soveral inches i thickness. It has a door at the ground level
and w dranght hole near the apex: In use it is strongly heated with
wood fuel, and when the fire has burned out the ashes are swapl
awny, the bread placed in the oven and the aporture closed. This
form of oven isun introduction into Spanish America through Spain,
though it resernbles in soms respects thie Mexican temescalli or sudi-
tory, Tt ismuch more satisfactory than the pit oven s the Puehlos
who have adopted it regard it as of native origin. The Zuni have &
religous functionary ealled the Demon Inspector of Ovens, who on a
stated day vearly with broom in hand, inspects the ovens of the
pueblo and inflicts s pennlty on these householders whose ovens nre
dirty. The modern Syrian oven is of this type, but is usually built
mgaitst the house. The ancient oven of Biblical times was & curious
inversion, It was s hollow evlinderof clay with lid, The hread was

* Hiwpletn Fowers.  Cunt Amer Kimol, vel, 3, 1877, j 48-30,
* Abes ik, Physiobogiont soid Matio! Obeervetions, Bull, M, Betr, A, H1he, 108, p. 35
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placed on the floor therein snd a fire of dung laid outside. Tha
Jewish oven of Biblical times therefore was technically much like
the modern oven forming part of our stoves. The charncter of the
fuel no doubt prohibited the use of the dome oven deseribed previ-
oualy, ™

Culinary operations sbout the groat fireplaces of Europe wers
alwnys attendod with difficulty, especinlly with rogard to small bak-
ings. This was effected by baking of trenchers, scones, and the like
on aniron plate and in metal vessels with lid upon which hot sshes
could be placed. A familiar exampls of this is the esst-iron spider
with hewvy lid and bail or handle, called Duteh oven so useful in pio-
neering, In the coloninl times several shapes and sizes of ovens of
this kind for baking hams, turkeys, ete,, were emplovad.

The large bake oven installad in s bakehouse or built in as' s unit
of the dwelling prevailed in Burope for many centuries, and was intro-
duced into Ameriea by colonists, eapecially those from north Europe.
In Pennsylvania, Virginia, and the South an oceasional old “Duteh
oven' may be seen about the old homestesads.

In eonnsetion with baking s further considerstion is necessary. in
regand to baking without the oven. Maention has heen made of bak-
ing on slaba of stone laid on the coals or rnised with fire heneath or
varipusly installed, culminating in the griddle. Gensrally this type
of baking received its greatest impetus in the sgrieultural period
where ground graing'or other vegetal food mixed in the form of mush
or batter wore to be eooked. Examples are also eommon in the pre-
agriciltural stage, ns notably in the scorn ares of Califormin (pl. 10,
fig. 2). Hero acorn mush was baked on the fire in soapstone dishes,
In advance of thess dishes sre the curved slabs of saapstone recoverad
from ancient sites at Santa Barbara, Californin, which were pierced
with & hole near the edge to facilitate pushing in and pulling out of
the fire with a hooked stick (pl. 10, fig. 8). Batter breads must be
thin in arder to bake properly. The Pueblos mount s smooth stone
alab as the top of s rude stove, below which & fire is built, and spread
the batter on in a thin layer with s trained hand. The baked prod-
uot is & thin sheet like paper, which is rolled up in & bundle for con-
sumption.

The Meoxioans use u stone ar pottery griddlo for baking tortillas
the north Africans employ s circular stone griddle, and so en (pl 10,
figa. 1, 5). The Iron Age ushered in more durable and serviceable
devices of this kind.

STONE BOILING

The process of boiling is intimately connected with vessels for
boiling, and thus is not conceived of as & primitive method. Be-
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cause soma Indian tribes,™ ga the Assiniboins and other tribes in
various parts of the world, as a matter of exigency dig a hole in the
ground end line it with the green hide of an animsl snd boil with
hot stones food in this ingenious bub extemporaneous vessel, the
theory has been advanced that esrly cave men may have used this
mathod. This is conjecturdl. Robert H. Lowie ssys in regard to
the Assiniboines:

“When the men were ¢n Lhe warpsth they dug s cireular exenva-
tion, which was lined with « skin pegged to the bottom of the pit.
Holes were eut along the rim of the hide and stakes were run through
them. Then water and meat were put in, while other men hested
rocks. First a rock with u rawhide loop around it was nsed Lo stie
the water, then red-hot stones were dropped in until the food was
boiled. The women aresail never to have employed this method of
cooking; with them the normal method of preparation was Lo rosst
meat on & spit planted obliquely over the fire. When necessary the
food wea spread out by means of horizontal pins”¥ It wis long
thought that the name of this tribe should be translated  Stone
Boilars "' but the mesning is oand, coward, and assint, stong.*™

Two stones definitely tsed in stone boiling are shown in Plate 10,
Figures 4, 5.

The National Musoum hes a specimen of tho outfit used by the
Teton Sionx Indians in cooking meat of an animal in the snimals
prunch, colleoted by Miss Frances Densmore® (pl. 11),

The wse of hoated stones for boiling is 8 mode of the applicstion
of hoat which seems to have considarnble antiquity. The use of bot
stonies in connection with the oven hus been mentioned. Hot stones
for boiling liquids and cooking food hus, like the oven, & wide distrib-
utionu Tt would seem that this is probably the first method known
to man for storing temporarily and transferring heat, and knowlodge
of this kind could well be acquired at the first fire, The vessols in
which stone boiling is practiced sre skine of animals, waler-tight
baskats, wooden boxes, wooden bawls, sonpstonn pots, bark vesssls,
bamboo tubes, and gourds,

In 1810 the Indians of eastern Cannda mado cooking pots of bark,
They dropped hot stones, one after another, into these pots full of
Water and meat until the meat wes cocked,’

Gilpin definitely sayw that thy Micmaes of Nova Scotis made pots
and kettles of birch and pine bark in which water was hested by
throwing in hot stones. They wlo made conrse elay pots.  Fish
were impaled and set up on forked sticks before the fire, and bones

= Gowrgs Cutlfn.  Hight Vears, vol 1, Lonilan, 188, . 4.
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were roasted and the marrow extracted.® These methods were du-
plicated by the Eskimo of Tey Cape:

“In boiling, for they had not seen metal kettles, they used those
neat, birchwood tubes prevailing throughout Cansda. Filling the
vessel with water, they cast in red-hot stonés until they effected the
object of boiling; on this they placed the object and all within
a tuh 80 os to prevent the esoape of the steam.

“Their modes of cooking at the period to which L allude were very
simple, A salmon, split and traversed by seven or eight skewers
transversely, was ngain threaded in and out, longitudinally, by » long
spit. This, stuck into the ground and inclined over the fire, cuised
tho hot fat from the tail to run down the sides and eleanly wnd eifee-
tually ronst the whole fish fit for any epicure.”’*

The Dogrib and Slave Indiens of Cannda practiced stone boiling in
buskels of apruce rool. * The Hong Kutchin of Canada covked by
this method, using baskets woven of tamarneck roots.*

The Kwakiutl Indians used well-construoted reetangular boxes for
stone boiling, and the Thingit used both baskets and boxes, The
comst Salish and Thompson River tribes employed strongly woven
baskets. Mmny of the California tribes cooked scorn mush in bas-
kets, The Arikura Indians made water-tight cooking bsskets, There
is n reference to boiling with hot stones in ealabashes among the
Indians of the lower Rio Grande, Texas, mentioned in Naufragios of
Cabeza de Voea.* The following is a free translation:

“They donot have pottery ollus, and to cook that which they wish
1o cat fill half of o large calabash with water, and in the fire put
many stones of the kind that can be best heated m the fire; snd
when the stones are hot they take them up with tongs of wood and
throw them in the water in the ealnbash that it may boil with the
heat contained in the stones; and when the water boils they put in
what is to be eooked, awl from time to time they put in other heated
stones to keep the water boiling to cook whnt they wish, and so they
eook."”  'The Zuni Indians sometimes used the stone boiling method.*

One of the Zuni methods was to cook in & pit mush spread between
heated stone slabs, giving an interesting variant of the pit oven and
stone cooking.

VEdwin Gilpin. Troa. Nove Semds Tnst., vol. &, 573, po 222

VHIF R Belcber. Works of Art by Ube Eskimo. Tromi. Eibiel. Sse Liod., ftew ser,, volo 1, 1601, p.
5.

* Alssander M sckense's Journny, 1801, {. 35,
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In the Solomon Islands vegetables were boiled in deep wooden
howls by means of hot stones.®

Further referonoes 10 stons bailing are given in Tylor's Primitive
Culture, where the subject is excollontly treated, A modern survival
of the stone boiling method is seen in the sealding of hogs to remove
tha bristles, practiced on the faring st butehering time. The warm-
ing of liguids with o hot poker may slso be mentioned.

Steaming—This quite indireet application of heat for the softening
and cooking of food is limited in extent among uncivilized peoples,
but is an important featurs of modern euising, In America but ons
reference is found this method, namely, to its use by the Zuni Indians
of New Mexico in making stewed dumplings, Cushing suys:

" Fine flour was boiled in water until paste had been formed. Into
this paste enough meal was mixed to make s stifl dough, and of this
dongh little balls or pellets were rolled out and spread evenly over
yucea sieve or screon of sticks conneoted at the ends. A large pot
half filled with water wasset over the fire, inside of which a smaller ves-
gel, partinlly filled with water and weighted with pebbles to keep it
steady was placed, Upon this smaller pot was lail the sieve or screen
holding the balls of dough, the laryrer pot then being covered with a
slab of stone and kept boiling until the dumplings were thoroughly
eovked by steaming,”*

Rice particularly lends itself to steaming, and it is in the rice-
growing ares that a utensil designed for the purpose is prevalent, A
speciman of rice steamer, angoo kooyan, from Simalur Islund, Enst
Indies, collested by Dr. W. L. Abbott, may serve as the type (pl. 12).
It consists of a cylinder of bark hooped nnd sewed with rattan, having
one-fourth way from the bottom rim a grating of rods, the sharp ends
thrust into the walls of the eylinder. 1In use a leafl is spread over
the grating and rice put on top and the whole put over a pot of
water, The top of the eylinder is kept covered. Another specimen
is from the Orang Talang, Mandau River, Siak, East Sumnatrs, The
Malny nume is “Fobsissan palat! It is u eylinder of bark strongly
bound, and has near the bottom & rod grating, entire, resting on &
ring support, The grating has attached to it three rattan splints,
80 that it can be drawn up to the top of the eylinder in taking out
the cooked rice. The steamer is provided with a rattan bail. The
exterior of the vessel is padded with a layer of palm leaf to con-
serve the heat. [t is 51 centimeters high and 25 centimeters in
dismater.

It will be obsorved tliant in the pouring of water on the hot stones
preparatory to covering in the pit oven there is n suggestion of steam-

0. M, Wenllerd, Amewy tie fsal Husles, Londin, 150, p. 29,
"Frank T, Cwtting.  Twnd Bresulerind, 100, pp. J0-300.
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ing. The vooking of green vegetables in a pit oven tends to produce
steam which assista in baking, but this is incidental to the process.

Steam cooking is a very important branch of modern food prepara-
tion. The steamer for domestic use differs little from the Malay
apparatus. For large uses the enginoer has dons his part.

Sunming.—While not requiring any spparstus and only remotely
connected with cooking ns commonly defined, sunning really accom-
plishes some of the purposes of the use of fire. The process is seen
in the sun drying of animal and vegetal food for preservation, in which
the action of the sun’s rays performs other offices than drying the
tissues. It is found in modern practice that exposure of fresh fruit
in glass jurs to the rays of the sun is as efficacious for preserving ss
the water balh or boiling.

Cooking by sbsorbed hest under conditions of good insulation is
effacted by the fireless cooker. With the adjuncts of heated irons or
gtones, the resemblance to the pit oven isapparent. The preservation
of heat by insulation has long been known, and the efforts Lo prevent
loss by radintion hus occupied engineers and inventors and has pro-
duced & remarkable series of dovices. The classical reference in
Juvenal's satires to the custom of the Jews of keeping food warm

over the Sabbath in baskets of hay suggests the hsy cooker, which
preceded the fireless cooker.

BOILING

Boiling is sccomplished through the indirect application of heat
by means of water. It may be described us a tertiary application
of heut. We have here again the question of vessels which will not
break under the action of fire. This exigency was first relieved by
the invention of pottery in the Neolithic.

They did not boil food in the Homerie Age, but they heated water
in & brass kettle, according to Virgil (in lines following 176 in B, 1),
who may have introduced 2 eustom of his own times.

With the introduction and warking of metuls boiling wes much
facilitated. There were, however, sonpstons vessels in loecalities
where this material was available, as at Sants Bacbars, California,
where many well-preserved specimens of ollas have been taken from
ancient sites containing no traces of pottery. Soapstone pots with
thick walls from archoological sites in the eastern and southern In-
disn aress of the United States always ocour with pottery, and it ia
not certain that they were used for boiling. The Eskimo cook in soap-
stone pots of rectangular bowed shupe suspended over the lamp.
The Bering Strait Eskimo used pottery vessols for eooking food.

The Carriers (Athapascan) of Stunrt Lakes, British Columbia,
roasted meat or fish on a wooden spit passed through and stuck in the
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ground near the fire, or Iater boiled in & kettlo supparted over the
flame on a cross stick set up on crotches. '

The American Indians generally, except in the portions of Califor-
nia and in the Plains where the potter’s art was unkmown, cooked in
earthanware vessels and had daveloped a type of paste in making the
vessels which was resistant to fire. The method of eciling, producing
& rugose surface, also prevented cracking on the fire.

The older suthorities stated that the Natchez Indians of Louisians
only boil and roast their food .

For boiling small portions of water or food the Hopi and some other
Pueblos uss & sock-shaped vessel of course pottery which can be thrust
point into the fire. Specimens of this vessels are often taken from
the uncient sites. This form of vessel has been found in archeological
gites in Contral and South Americn, but not definitely known to have
been used in vooking.

The women of the Soumoos or Woolwas of Bluefields, Nicaragna,
busy themselves at the fires, from time to time in stirring the contents
of large earthenware pots with long-handled spoons, or in toasting
groen plantains, turning them with tongs of bamboo.2

A. H. Kenne states that “the Botoendos cook their food in huge
bamboo canes, which can be made to hold boiling water.”

A striking example of savege ingenuity which is suggestive of one
of the primitive beginnings of pottery is furnished by the natives of
Bhutan, who plaster elay around the base of a bamboo tube before
putting it on the fire for boiling the contents.!

At Port Moresby, New Guines, most of the Motus have their eat-
sbles boiled in earthen jars, whilst the Koitapu cooks his in an earth
oveq **

The Polynesians not having pottery and the Melanesians having
it unequally distributed, determines the eustom of boiling in these
Aress.
hﬁiﬁmhﬂiﬂngiupmctieadhytribmpmﬁngpaum. On
page 123 of the Specimens of Bushmen Folklore, in a description of
& controversy between s hyena and a lion, the following paragraph
describes the use of pottery for cooking:

" Therefore, the Hyena gave soup to the Lion; therefore, the Lion
took hiold of the pot, while the pot was hot; the Hyena also grasped
the pot with his hands; the Hyens said: ‘O Lion! Allow me to pour
soup into the inside of thy mouth.! The Hyena poured soup into

A Mo, Tmes Conad. Tust., 1898, ol 4, p. 187,

M1 K. Swanbon, Indian Tribes of the Lowse Misisippl Valley, Ball, € Bue. Amee, KiSnad., 141,
%ﬁm Jogrn, Anthrop. [zl (8, ol 3, p. 20

PA M Kese Mun Paat sod Prosest, Cambridgs, W68, p. 657,

* Nartalive of tha Misbon of Cscrgs Baghe to Tilet, 150, p. 2L
®E. Way Elringtin. The Rarage Boath Sess, London, 107, p. 35
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the Lion’s mouth; then ke put the mouth of the pot over the Lion's
head, while the pot was hot; the soup was burning the Lion's eyes;

the soup also burned the ms:dﬁ of his mouth. When he swallowed
hot soup with his throat, ete.

The following extract, taken from page 347, further demonstrates
the use of clay pottery for cooking:

“The wife goes to pour the Blood of the springbok nto the new
pot. And she boils the blood; and, when the blood is cooked, she
takes the pot off the fire; she takes the blood out of the pot {m!.]: n
springbok horn spoon), and she sete the pot down; becnuse she wishes
the hlood (i. o., the blood remaining in the pot) to dry.

“ And she min takes the pot, and shs puts water into it she hails
meat:

“And, nlso, they do not strike with a stone when a new pot 1 oh
the fire, because they wish it not to split.'""'*

The Shom Pen, Nicobar Islands, use, nceording 1o B. H. Man, a
unique method of boiling by placing bark vessels in direck contact
with the fire 3

Dr.S. P, Verner, in & note on a National Museum specimen of
bark colled chipsu from the Daluba, Upper Congo, Afrien, states
“that the inner bark of o large tree is wsed for making a vessel in
which things sre boiled over an open fire; especially in evaporating
the Ive from grass sshes, leaving the sedimentary salt so largely used
in eantral Africa in place of sodinm chloride."

DEVELOPMENT OF THE COOKING STOVE

The introduction und use of certnin classes of foods, especially
vegetables, and the kind of fuel give rise to modifications in the
stove, the outgrowth of needs of stoking anil conking: Corn compels
changes and inventions in cooking, as the oven, und cassava likewise
makes demanda.

In the discussion of sndivons it was mentioned that thia deviee
begins in the supports placed in the fire for various purposes,
depending on the state of advancement in culture, 14 may be anid
also that this primitive device marks the beginning of the stove, and
that it is prosent in muny of the simple stoves described in this
chaptir, as the three supports for cooking vessels, “Ihis statement
is ot stressed, becatse supports are such an obvious necessity that
their use would be sutomatie, The use of not less than three supports
is also required for stability, but more supports could be nsed. In
several anciont sites in New Mexico, at Luna, the Tulsresa River,

W, I, T, Bisok, Ph. D, and T, C, Lioyd.  Speciveeny of Fashmeas Pofitom.  Edited by the lalter,
Lostas, 1011

PR L Man A Rt Lromnt of Vi Nlestir bibimlers, Jorn, Anth. It rmmmhm.
wal, 15, 15, Dp. £,
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and other stations in the region, triangular burnt-clsy fireplaces have
heen unoarthed, both in open-air villages nad in oliff houses. They are
i ong piesce and consist of three bosses rising from a base. These
are suggestive of a begmning stove (pl. 2), Sometimes even an
eluborate stove, as the example from the Philippines, presanits the
primitive pot-rest matallation (pl. 14),

It is ovident there ure many lines leading 1o the complieated stove
of modern limes. The modern coal slove is a combination of u num-
ber of devices used independantly st various stages of progress.  The
grate is the ancient grid, the fire box is » elosing in of the open brazior,
the air box and ush receiver are seen in simple stoves, the holes are
out of the primitive boss supports, and the top represents the boking
slabs. The oven has been added; the water heater has ancient pro-
totypes, The draught devices are improvements on the early rude
nliempts to inorease the heat, beginning with the fire fan, The stove,
which was first a firoplace with only a fire, received walls to confine
it, n lid over the top, o flue, and then iz added & broiler. A baking
oven, which began in the field, is combined with the previous inven-
tions, & chimney is added when the stove is taken into the house,
sundry doors, flues, dampers, grates, ete,, uttnch themselves, and we
have that paragon of domestic utility, the range.

Simple stoves without dravght.—The simplest partable stoves are of
the bramier type, without any provision for draught and without
hasrth (pl. 14, figs. 3,4, 5). Simple modeling of the elay in forma-
lion of the utensil in order to provide supports for the cooking vessal
differenitintes the stove from the brazier, the lstter being u normal
bowl. An example is seen in a pottary stove from the Philippines,
which consista of a bowl with punclhed-in sides (lig. 2), and more
modified (fig. 1), The potter hina prodused by this simple means
support for o pot, Another speeimen from the Philippines is of
pottery snid hag three high supports formed on the sides of & bowl,
making sn effoctive pot rest (fig. 6), Bowl stoves from Ocelderital
H;grw. Philippines, sre given three feat, like the Mexican tripod
-

Simpla stovee with hearth—Most of the rudimentary stoves nre
provided with a hearth (pl. 15, fig. 2). The hearth extends out
hefore an opening which will stand for a door, snd thus there is
suggestion of improvements lending to deanghe (pl. 15 fig: 3). A Sia-
mese pottery stove with hearth bas one formed boss ut the badk, and
the other supports are the points of the cut-out fire bowl,  Another,
from Sumatra, is of pottery, triangulur in shape with base. It has
three hook hosses or supports nt the rear around the fire bowl. From
Occidental Negros, Philippines, comea o bowl stove mountml on s
baso. It luis o projecting hearth and hias three bosses stuck ot inside
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the fire bowl, Another from the same locality has three bosses on
the rim of the bowl, A specimen from San Fertundo, Union, Luzon,
Philippine Islands, is & pottery oval bowl decorated with stamped
patterns snd having three bosses st therear. Tt is called * calan con
banga,” From the same city is s simple poltery stove consisting of
s flat base extended to form a hearth and with curving sides forming
an effective continuous pot rest. A heavy pottery stove of triangu-
lar shape is used in the Philippines. It has three large bosses in the
middle of the equal sides and smaller bosses at the angles. It will
bo seen, therefore, that e large pot and three smaller pots may be set
over tho fire in this geometric stove. This stove is one remove from
the three-legzed iron pot rest from Moroceo in that it has a bottom
while the trivet requires the earth for a fireplace. Sven Hedin
deseribes & similar iron trivet with pot supports in use among the
Monbgols of Teaidam.'*  Pottery stoves from Tebesss, Algeris, consist
of  fire bowl with semilunar portions of the rim removed, giving
three supports for the cooking pot, the lstter having lugs and » fat
bottom.” The Hindu pottery stove is shaped like n metate with
{our legs, and the fire is built on the ground underneath, A projee-
tion of cup shape with four pot supports is for small cooking. A
mare elaborate old Hindu portable stove (angithi) is in the Taylor
collection, South Kensington Mupseum, London. [t is of iron and
brass openwork with chains and handles. Fire is pluced in sn eight-
sidod vessel which rests on three curved legs, and an eight-sided rim
of pierced work enables cooking vessels to be placed over it.™
Draughtless stoves, called mangal, of pottery are in use in Egypt
They are constricted near the base and widen toward the top. They
resemble the pottery stoves exeavated at Dor el Ballas, o specimen
of which isin the Museum of the Affiliated Colleges in San Franciseo,
California, This specimen has three trinngular holes eut through the
wall of the vessol near the rim.

Stgves with rudimentary draught.—Dr, snd Mrs, Taleott Willisms
collected in Morocoo n rude, coarse pottery bowl having three pot
supports inside the rim. It has three holes punched through the
gidea ubove the fire line, It is deseribed ns “a Majmar Arsh vessel
used Lo light chareonl fires in the village fair of Beni Ogerba, near Kl
Ustad, Morocco' (pl. 13, fig. 7). A similar pottery stove bowl
mountedon throe legs from Mexico (pl. 15, fig. 1).  The upper portion
of the howl is pierced with two squared openings and two slashes.. The
border of the rim on which the cooking pob rests is scalloped. A
simple pottery bowl stove from Java has & fire hole cut in the aide;
which in use would give some draught.

W Thrmoeth Asin. ol 7, NS, p, 1688
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Stoves with under draught.—A pottery stove model from Carscas,
Venexuels, has a eylindrical base containing the air chamber. The
fire howl Is perforaied in the bottom (pl. 16, fig. 6). A similar
apeciman from Gusdalajara, Maxico, has a fire bowl] with perforated
bottom mounted on & base forming the sir chamber furnished with
an opening (pl. 16, fig. 2). Another spectmen is from the Indian town
of San Pedro; Mexico (fig. 5). The Porto Rico pottery stove has the
air chsmbyer in a hollow base and the fire bowl has & grate and lugs;
collected by Paul Beckwith (fig. 4). From Tungier, Morooco, comes
s stove out from soft stone. The air box is in the base; the fire box
is cireular, with grate bars cut in the bottom. Thers ure four low
bossea at the corners of the fire box for pot rests; collected by
Talcott Williams. A Spanish stove, hornilla, is made of white
clay and has four legs, an air chamber and a firo pot with iron
hars; collected by the writer in Madrid (fig. 3). A model bowl stove
with side eut out is from Java (fig. 1), An earthonware coal pot,
seufricre, from Santa Lucia, wes collocted at the Jamaics exposition
of 1801, Tt is-of terru cotta, well made, and is'ornamonted. It con-
sits of a cylindrical air chambor with opening in front onto s hearth
continuous with the botiom. The cireular top has a flat rim with
three pot supports, and u fire basin having draught slits as in # grate,
Two holes are pieresd in the sides of the firs bowl sbove the fire in
front (pl. 17, fig. 2), A pottary three-hols stove with bosses comes
from the Philippines (pl. 17, fig. 1),

An interesting pottery stove of the upright or Egyptinn and Chi-
nesa type from 8. Christovan, Portugal, was secured from the
New Orleans exposition. It is mede in & craftsmanlike manner and
18 of dark gray micaceous resonant ware, The fire box with grate
surmounts the oylindrioal air box, which has a large oval opening.
The cooking pot is w squat vessel with twisted lugs and a lid (pl. 18).
In Florence, ltaly, there is or was used s tumbler-shaped pottery
stove with ledge on the interior on whicl a grate rests.  Such stoves
of terra cotta are used for warming partions of the body and for gmall
cooking.* Ancient Etruscan stoves of the third cantury B, (. from
Sovana, Italy, are shown in Plate 19, .

Metal stoves wsed extensivaly aming eivilized pooples: are nlso
sometimes found partaking of a simpls eharactar among less ndvanced
peoples.  Very simple iron stoves hsve survived to our day on nocount
of partioulsr employments. Montion is tnade of a low iron stove
from Foz, Moroceo. 1t is n drum shape of sheet and wrought iron,
mounted on three legs riveted to the sides and extending upwardly,
the ends bent over the fire box forming rests for the pot; that is; serving
hs primitive andirons, The grate of strips of flat iron is hung mid-
way of the drum.. A littls hinged door with latel opens on the air

M Promm 1, ¥, Bmtmedl] e, i Sk
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¢hamber. Three holes are pieroed through the sids of the stove above
the grate, an carly device for serating the gases of combustion. The
bottom draught is supplied through the little door (20 am. d,, 27 em.
A.); collested by Dr. and Mrs. Taleott Willinms (pl. 20, fig- 1); From
Lhe sine country samis o high iron cooking stove slso having s drum-
shsped body containing grate wnd nir chamber, snd the stove is
mounted on three legs, There are three nir holes ubove the grate and
thred hinged supports for the eooking vessel  The stove shows the
typioal and excellent ornsmental ironwork of the north African black-
smith (23 em.d., 61 anv A collected by Dr. sl Mrs, Taloott Willinms
(pl. 20, fig: 2). Even simpler sre the small east-iran stoves formerly
nsed, in 1886 and later, by the ltalisn chestnut vendors in Weshing-
ton. ‘These stoves were usually fluring toward the top, were mounted
on four legs, and had & grate; hearth, und w beil for carrying, The
Nutionn! Museum has a betier stove of this cluss; The fire bowl
‘with grate is monnted on u hese containing the air chamber. There
are lugs on the sides of the fire basin for carrying the stove. The
maker wis Gotselipr, and the stove is probably Ponnsylvanin Dutch
cnet in Lebanon Valley (pl 21, fig. 1),

A Korean stove fesembles the fire pols of cast iron in every respaot.
1t shape sn inverted truncated cong, it has sbout midway the grate
and below a draught-box door and hearth.  The sim i< out in s purve
for senting the pot. This stove differs widely from the Japanese
utensil and is much in advance in respect to dranght (pl, 22, fig, 4).
Another stove of excellont cast iron is in the Museum, 1t seems to
represent the greatest advance of this type. It has three legs and o
hearth. The fire box is shallow and in the bottom fite the grate.
Above the fire is an ornamental pisrced grating.  The margin of the
fire box is flaring, is piereed with holes; and has three projections on
which to rest the pot. It hea s wire bail (pl 21, fig. 2). Thore are
a number of beating devices whink may be olassed us stoves.  The
better-known examplé of this type is the sumovar, "self cooker™ of
Russin, n device fur henting water for deswing Leg. b ponsists of o
wator resorvoir surrounding the fro box of » small oharcosl stove
provided with grate, air chambor, deaught door, xnd dsh box,  The
reservoir ia fitted with o spigot, A small chimuey is sdded o oods-
sion at the top of the heated-air outlet. Usually s teapot for infus-
ing toa leaves is sot on shis opening. A Chinese water-hoating slove
in form of o teapot iz of this class. It has n ciroular base of sheet
birass, pievood with the mystic diagrams pa kwa, In this buse u per-
foruted grate rests on threo spurs. In tho bese fits n teapot of pow-
ter, Htted with o hollow ot of brass venting through the teapot lid.
‘Wister = confined and heatod in the nterspace and poured throngh
the spout, Thesides of the tospot boar Clinsss churaoters. 1L is
from Lhe Ohinese Commissian, Pliladelplia Centennial, 1976, und ja
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10 centimotery diameter and 17 contimeters high,  Another specimen
from Swataw, China, is of powter in form of u bowl mounted on &
base, with lid. 1o the center of the howl is a tubular fire box of brass,
with grate sbove the uir chamber and doorin the base. The Lid hus
a cironlar bruss-bound orifice’ fitting tightly over the mouth of bl
fire bax. The lid and vessel have brass drop handles. Food is
gookad by being placed in the bowl around the fire box. The Korean
eooking atove, eyn syol lo, is liko the Swatow specimen, but is skillfully
cut from soapstons. Of this type is s large pewter sooking stove of
drum shape from Amoy, China, indicating the fuel economy necesssry
in that conntry. The dratght door opens on & horizontal brass tube
joining the middle of the stove, s vertical tube having u grate at the
boltom. This tube is the chimney venting through the top of the.
stove. The top of the stove has fitted openings for two tubular ves-
sels with lugs and lids und one shaped vessel of larger size.  The hol-
low part of the stove js filled with water, whioh is beated by the fire
in the tube, und the enoking vessels are immersed in the hot water.
There i no spigot, as the water is not intended to be drawn ofl.
For compuciness, efficiency, and ingenuity this stove ranks very high.
It is 33 centimeters dismeter pnd 29 centimeters high, snd from the
Chinese Commission, Centenninl Exhibition, Philadelphis, 1876,
Fized sloves.—This type indicates u considershle advance in the
history af the stove, A number of collatoral advancs are indieated,
sa permancent housing, and even the division of the house for varied
pses and ecoponiics. It marks also o divergence from the camp fire
and the portable stoves serving 8s an early method of assigning fire
for special vses.  The simpler fixel stoves, however, aro on the same
plane of invention, having the most rudimentary provisions for
draught. The stove of Siam and Laocs consists of o wooden frame
about 4 fect square und 0 inches high, filled with sarth or sand.  On
this are pluced three stones as rests for the pots, nnd betweon them
the five is kindld.= A Philippine kitehen range is & bench of hbamboo
with clay seat. On the bench is & row of olay bosses for the installs-
tion of threo pots (pl. 14). The Philippine earth stove of the Tagals
s o platform with door, and having openings in the top for resting
the pot (pl. 16, fig. 9). An earth stove from Jogo Kebu, Africa, has s
e platiorm with arched door cut out leading to the firo cham-
bers (pl. 16, fig. 8). There aro two holesin the top of the pletform of
thisrude stove. A stove modol from Tonalon, Mexico, 13 rectangu-
lar, the base open in front.  The upper portion is a box with thres
square holes on top and three holes in tho side for stoking. There
is no draught except what may enter st the three doors; and out of
the holes when thoy are not covered with cooking vessels (pl. 22, fig.
1). Anogher model from Jalwpa, Mexico, is & rectangular box with

= iligny pnd Las, Prothptesion Bennd, Plllsdelphls, 58, po. 178 el i
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a square and round hole on top over the fire box, in which is o grate,
The air chamber has a samilunar opening below and two sqiare open-
ings above, suggesting the ancient sweat-house front. Simplestoves
like these, built of stones and mud, sre common in Mexico in
places where more primitive devices are not uzed, They also were
fﬁugund in Spain and southern medieval Europe generally (pl. 22,

3

The Mongolian fixed stove is & wedge-shaped constritetion of earth,
The door opening iz on one side under the grate.. The fire box is a
round oavity, from which leads a flue to a fireplace in the wider part
of the wedge. The lntter is for cooking by parching, roasting, ete.,
and the former i1z for placing the vessel for boiling tea. This rade
structure shows important features of the developed modern stove
(pl 18, fig. 7). Mr. Rockhill sxys:

“in L]m center of the tent of the Tibotans i is o long, marrow stove
made of mud and stones, with a fireplace ut one end snd a flus pass-
ing along its whole length, so that seversl pots may be kept boiling at
the same timo. These stoves, in which only manure is burnt, have
sufficient. draught to render the use of bellows newidless, nnd are
altogether & most ingenious contrivance,' =

The Japanesa kitchen stove is built in three ssetions, side by side,
having each a base, sir chamber, and fire box. ‘There are no pro-
visions for draught. The iron kettle hes s flaring fin around the
middle, so as to give a tight joint when placed over the hole. Heavy
wooden lids are used on the kettles (pl. 23). Two similar kettles of
sospstone from Korea are evidently for placing on a stove hole (pl.
22, figs. 3,5}

Ancient kitchen stoves were of the simple charactor of thoss de-
scribed previously. In Florenoce, Italy, is an ancient stove from
Sovana, restangular in form and with two pot holes, being invantion-
ally merely & box with two hioles put over the fire and an improve
ment on the trivet (pl. 19),

Thero is an interesting series of developments in the old wide north-
ern fireplace which bear on the lineage of the stove and had & msjor
part in bringing the modern range Lo its present efficiency. Theso
additions sre an oven, n water heater, and an oxtra small fire in box.
The fireplace was thus gradually sloged in ps cast iron becams vasily
obtainable, and the founder stirred himself to foster and supply de-
mands. Tha period of the closing in of the fireplace correspands with
the beginuings of great industries, which submerged the hovse and
local industries.

The period of the great house fire and of some of its adsptations
mentioned was that in which wood was used as fusl. With the use
of coal began a great development, ineluding in its rapid progress in

=W, W. Rockhill. T Lesd uf the Laguss, New Yoek. 1800, 1.
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invention the stove, notably that of Benjenrin Franklin,  With svery
change also of fuel, modifications took place in the stove and so
sppearsd the ges stove, the aleohol stove, the oil stove, the gesoline
stove, and the electric stove. This portion of the history, character-
ized by a multituds of importunt inventions, is left to other hands.

FUEL

Fuel is particularly & matter of environment, but is chosen for defi-
nite purposes of use in esses where the surroundings do not eompel
the employment of ond or a limited number of fuels, “There has 6vi-
dently been comparatively as much ressarch in the kinds and quali-
ties of fuel by man since ancient times s in the Inventions for
employing fire for n definite purpose. Fuel has roncted on the kind
of stove necessary to uss it; thus inveniion is influenced in & manner
which seems contrary to the common belief us to the cause of inven-
tions. The fuel question has always since the domestification of fire
been & most important problem, vexations in all ages. The organi-
zalion to procure and transport fusl has oceupied a part of the ener-
gies and plunning of man time out of mind, snd perhaps the first
gathering and storing was connected with the fuel for the fire. At
this dday Ffuel is the basis of an indusiry so enormous us to be
incomprelensible.

Wood.—The most ancient fuel known to man necessarily was wood,
the most sbundant and svailabls for the simple fire. It is apparent
thut this mnterial would be dead and fallen wood, gathered with
difficulty and great labor in most situations. It also seems probable
that the custom was, s nmong observed tribes, to use fuel sparingly.
An Indian scoutely remarked: *““White man get lot of wood, make
big fire to boil his coffee; Indian use a fow little sticks.”

As an exnmple of the seientific method of the sncientz in regard to
wood lusl, Mollett may be quoted under the word Acapna, definid
a8 gmokeless: “ Wood for fuel, which had undergone several opers-
tions Lo hinder it from smoking when put on the fire,. Ono of the
mothods employed consiated in stripping the bongh of the bark, im-
mersing it in water for some days, and lesving it to dv.  In ssecond
method the surface was rubbed with oil, or o1l lees, or olso the piece
of wood was plunged into theoil for a few moments. A third method
consiated in slightly charring the surface of the wood hy passing it
through the flame. The wood prepared by this last process was also
called oocta and coctilia.

. The search for something to burn brings out not only examples of
ingenuity but throws light on environmental conditions in various
regions. Thus we find the inhabitants of Rupehu, Ladakh, snd Tahal

w1 W, Malietl  Dlistraind Dirllessry wl Woeks Used lu Arz said Arehesbagy, Biston, (553,
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digging furze roots for fuel in the barren mountains, ® pnd the people
along the Mexiesn bhorder digging mesquite roots, which burn very
well und make u hot fire. In deforested arens, as in China, the people
are forced to use every available materinl, and grass, hound or twisted
up into compuct masses for more economie firing, is found to be the
most abundant and best substitute for wood. Along the Calumbin
River the Skilloot fuel was straw, southern wood, and small willows. *
The Eslamo at Igloolik, where there is oo driftwood, used the dwarf
willow as fuel.® Driftwood of rivers or seashores is a source of fuel.
Wood carried into high latitudes by ocean currents and doposited on
the shores of Alaska is of great importance in the arts and industries
of the Eskimo. During the gold rush the deposits of driftwood were
exhausted by miners and the Eskimo seriously inconvenienoced,

When the Tinne from the MacKenzie River make sxcursions into
Barren Grounds they earry firewood enough to last for the trip,
Some of this wood is taken in ths form of tent poles, which are used
for their normal purpose until the Indisns begin the return journey,
when the poles supply fuel. The Eskimo will not take advantage of
a fire for drying or warming when they have opportunity. ™

1t has happened often in many parts of the world that towns lo-
eated with regard to accessible wood fuel supply have been forced
to remove to another location when the wood was exhausted within
carryving distance. Parkman says that villages of the Hurons moved
when the ground was exhausted for corn, and firowood distant™ A
gimilur statle of affairs is noticod among the ancient Pueblos in the
Southwest. Modern Pushlos have extended the range of fuel col-
leeting, due to the possession of burden animals. Among s number
of the American Indian tribes women were the wood gatherers, and
among the Pueblos it was s mun's work. Choctaw women perhups
still carry baskets of “lightwood” split, resinpus, interior wood of
the pine tree, into New Orleans faor sale, _

Charcoal —As n by-product of fire, chareoal is always in evidence
and its value would be quickly apprehended (p. 22). When charcoal
begun to be manufactured for n definite purpose is conjectural, but
this industry can be safely assigned to the Bronze Age, where its
connection with metsllurgy 1s evident. [ts use, however, coincides
with the emplovment of the early portable braziers of uncertsin
duti.

Dr, W. Matthews states, regurding the Navaho, that ** their man-
ner of preparing charcoal is much more expeditions than that usually
employed by our charconl burners, but more wasteful, * = *

# Baghalta Tied Wiabiop.  Ampesg (e Thibetans, . LI,
# Lowis sl Cgk Expadithon, New York, 195, v, 4 p, %7,
W Parry. Ecennd Viysoe, (B34, D 451,

= Fren K. A. Peelils,
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They build a lnrge fire of dry juniper, snd when it hus ceased o
flame and is reduced to & mass of glowing coals, they smother it well
with earth and leave it to cool. If the fireis kindled at sunsst the
charcoal is ready for use the next morning." = _

The Japanese wsé severnl kinds of charcoal, ss hord churcoal,
“Ratadawmi "' soft charcoal, “dogama " anmd best ohnrcoal, " kind-
zumi," which s artistioally shaped in deference to the conventions
of the ten ceremony. They also use branch charconl, ** yedudzwmd,'
for artistic effect. The Japanese uleo prepare balls of powdered chur-
con! with some binding modinm for keeping fire overnight, thus
anticipating the briguette.

Previous to the general introduction of eosl chareon! was the fusl
common to many countries. In the Cuban cities, for instance, “all
of the cooking and much of the manufacturing requiring heat are
done with chareoal "

Dung.—The diffusion of large ruminants and the domestication of
various species have much to do with the fuel problem. In faet,
many regions wonld long have remained uninhabitable or untrack-
able without this valuable material.

*“On_the night sftor the first buffalo senmper we encampod upon a
woodless ravine, and were obliged to resort to ‘buffalo chips’ (dry
ordure) for fuel. It is amusing to witness the bustls which gonerally
tukes placo in collecting this offal. In dry weather it is an sxeellent
substitute for wood, than which it even mukes & hotier fire: but
when moistened by rain the smouldering pile will smoke for hours
before it condesconds to burn, if it does st all. The buffalo meat
whioh the hunter rossts or broils upon this fire he acoounts more
savory than the stenks dressed by the most delicate cooks in eivie
lized life.! =

This fuel was extensively used by the Plains Indinns and other
tribes in the buffalo range. The Hopi Pucblo Indians formerly
used lignite in burning their pottery; now they use shoep dung made
up into conveniont cakes. When the pottery is burping two of
them oontrol the draft by holding a blanket aguinst the wind in
front of the kitn. Theso snimals were introduesd subssquent to
1620,

The only domesticated animal in the Americas furnishing fusl is
the Wamon, This fusl is vory ussful in the upper bolsones or valleys
of Poru, and formed one of the chief sids in the movement of popl-
Intion into the tresless Andean highlands,

Nunsen ssys that a kind of guano provided by the gulls is used as
fuel by the enat coust Bskimos, Greenland.®

= Wanhingtom Ml bees, =l Ane. Meport tr Amer. Eihool, [958, po VTS,
®E L Wakeman, Ciulengn Intar-Ciommn, May 2, 1854, N

= Jonlah Cireeg's Cotnmerne of thin Praives, New Yok ioda, vl 3, 5. 30
L T Fint Crosstag of Gresnlund, 180, vol. 7, p. 390
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In Asin the Tartar-Mongals of Siberin, it is recordsd in 1253, used
ox or horse dung to ronat sheep™

Lunslell, decribing the life of the Buriats, gives an excellent sum-
mury of the kinds and economic valuo of animal fuel:

“The collecting, pounding, molding, and drying of dung is,
further south, an important branch of commerce, Argols are of
four classes. In the first mank are the argols of goats and sheep,
which make so fierce o fire that a bar of iron placed therein is soon
brought to o white hont. The argols of camels constitute the sec-
ond class; they burn less easily, and throw out a fine flame, but the
heat they give is lessintenso than that given by the preeeding. The
third ¢lass comprises the argols of the bovine spoeies; these when
thoroughly dry burn readily and produce no smoke. Lastly coms
the argols of horees and other animals, whiclh, not havirg undergone
the process of rumination, present nothing but a mass of siraw,
more or lesa triturated, They are soon consumed, but are wseful
for lighting » fire, This fuel is ealled ‘kiscek' in Russin., * * *
It was made from the dung of cattle and sheep laboriously trodden
under foot by women, and then sun dried." ®

Goarge Bogle, speaking of the fual of western Tibet, writes:

“ Here we bothed, and the servants gathering togother a parcel of
dried vow dung, one of them struck a fire with his tinder box and
lighted it.

" The coldness of the climate renders fuel & very essential articls,
and w8 no wood is to be had the Tibetans nre obliged to use cow dung,
which is eavefully gathered from the fiolds. This is built up in s
ciroulur form or put into n pot witl s hole in the bottom. It makes
a choorful and ardent fire when well kindled, and the people are
pbundantly skillful in the wret of managing it, which my own il susoses
has often shown me to be n very diffioult process.''®

W. W. Rockball says: ' Yak dung is the principal substance used
in dinnestic architecture among the Drupa Tibetans." ™

In Persin ““the next is the most filthy snd degrading work the
women have to doj making round cakes of manure, which they slap
on avory wall for fuel.'

Luoyurd spenks of the fire of camel's dung used by the Abou-Sslman
Arabs ot Nimroud, ™

In Arabia in 1710: *“Whon the caravan halted for the purpose of
cooking their breakfast or dinner the dung left by camels of pre-
coding traveling was carofully gathered up, there hamg nir woond;

A gt By Johe, Tilves of Celabiabed Travelers New Yerk, IB‘-H.tul.l | 8 '.z_
® Harry Lomadell Threugh Bikeria, Nustis, 982, p 38
= Narrztive of (e Niissics of Goeorpe Bogle o Tibet, 1875, pp. T0, 71,
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and this when it had been a fow days expesed to the sun took fire
quickly and bumned like olurcoal.” ®

An observer in Madeira in 1838 writes that the estiorcol of the ass
was used for fuel, as the bois de vache of the buffalo in America.

Banes, fish, birds, and fut—These fuels, while ohserved in & number
of eases, are to be colassed ss adventitious fuels, er if in customary
use, are oecasioned by the great abundance of the material to burn,
This may have been the case with the Indians inhabiting the shores
of the Columbia River from Lewis River to the falls, who were said
by Lewis and Clatke, the explorers, to consume ss food or fuel all
the fish which they take.®

‘I'he same i8 no doubt true eoneerning the burning of the dried bod-
ies of the great suk on the northesst coast of the United States and
Canada for fuel. It is known that these now extinet birds were:
in epormons numbers and casy to eatoh, E. Charlton states that
the dried bodies of the suk were used ss fuel on the Westmann
Islands @ .

Bones seem unpromiging fuel, but really make s hot and protrac-
ted five, us Americen {rontiersmen know. The Gauchos or cowboys
of Souih Ameries were sequainted with this fact.® An ancient ref-
oretice by Herodotus attributes the custém to the Seythians,* In
Ezokiel xxiv, 5 and 10, burning hones undor a boiling pot is spoken
of. Thus Eskimo sre gaid by Klemm to burn bones rubbed with
fat.® Thero is resson to believe that the bones of the giant moa
of New Zealand were burnt as fuel.®

Extonsive use is made by the Eskimo of the blubber of the =eal
nnd walras for eooking food in pots over the lamp. The fat of these
animals is best, that of Uhe reindeer contsining less oil and produc-
ing nerid Tumes,

Peat —This material iz of wide distribution, but [ew references are
te be found of its use wmong uncivilized peoples. 1t is probable
thot the need for preparing peat by drying prevented its use. The
Eskino of the esst const of Greonland mude someo use of peat. ©

Coal—The first users of conl were the Pusblo Indinms of Arizona.
Near the Hopi puchlo of Walpi ure sbundant traces of bumt cosl,
and in an sncient village site some miles away the remains of  pot-
tary baking placo with layers of cinders and ashes were discovered. #

*Traveh of T, Thomse Ghaer. Lises of Codshoilod Trovelees, vol. & (85, p. 21,
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8o far as can he seoertuined the Hopi used conl from the near-by veins
ouly for firing pottery. That they secured n high heat is seen by
portions of vessels fused in the kiln. This sporadie use of conl is
separated by many centuries from the beginning of the employment
of this most important fuel by enlightensd man.

Fuel oll —There is no evidence of the burning of natural mineral
ails, tars, and waxes in the domsstic economy previous to the age of
inventive progress.  In lighting there is much information that will
be considered st another place.

Aleohol, gas, gasoline, and deetricity.—Note should be taken of the
number and value of modern heating materisls over those used be-
fore the present age; in Tact, fone of these deviations produesd by
science camie into prominencs until lute. Until man ia enabled to
unloek other forees it may be predicted that gas ss o heating prod-
uet will hnve the greatest development.

FIRE IN ARCHEOLOGICAL RESEARCH

The valus of firs ovidences in archeological studies has long been
recognized. The tantalizing problem of the beginning of the nse of
fire is alwuys nppended to the discoveries of the skelotal and cultural
remaing of early man. The fact that olay baked by fire retains
imperishably the simulascrum of impressed forms is responsible for
informntion of the greatest value as to the works of prehistorio man,
In the ruins in the Pueblo region thers are often encountered masses
of burnt ¢lay which have tmpressions of the roof benms, poles, or
thatching, giving o clear idea ns to these details of wrchitecture.
The clay masses are part of the exterior covering of roofs, snd record
the destruction of » house by fire, in which the eluy became baked.
Charred corn preserving the size and character of the ears ure found,
also other objeots of wood reduced to imperishable charconl. It is
very apparent ulso that pottery is one of the best conservers of an-
cient art. Evan the delieats strine of the fingerprints of the ancient
artist nee preserved,

In elassical archoology the value of fire evidonces are similarly
impartant.  For instance; the *red burnt brick in Egypt is all Ro-
man or Arab; in Greece and Asis Minor, red brick and mortar is
Roman, Byzantine, or later."'*

BMOKE AND'FIRE SIGNALS

One of the early uses of fire was in sigualing. Thess wero duy sig-
nals by smoke and night signals by bright fire. Incidently, the odor
of smoke booame a signal or warning of the presenoe of man. In
the course of development, signals which conveyed a few simple ideas

® Ther Lin O bwter vt i A relinology, Brithl Mimoes, Losdis i p, 16
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becams elaborated and resched in various lines towards radio.
People of aa low grade ns the Tesmanians were very skillful in smoke
signaling.® %

Xenophon speaks of the sigoal fires among the Carduchi Kurds.®
Herrers, speaking of the conquest of Cortesz, says that the Mexicans
discoversd the Spanish srmy feam the top of the hills, and firing the
bescons to give the slarm, 100,000 men drew together.®

The Apaches of southern Arizons were scoustomed to signal at
night by setting fire to the stems of large plants. The dry stems
burn readily, the flame spreading like & Aash®™ Specisl day smoke
gignals nre also used by the Apache. A special signal demanded by
tho law of the Iroquois League was required of n messenger approach-
ing & village at night. Ho should build a little fire or carry a torch
o that thero should be no doubt as to his pesceful intent.™

While smoke and fire signals were generally used in Amerion
and other parts of the world, the Plains Indians had developed an
glaborate eode by mterrupting the smoke column or obscuring the
fire at intervals by night, The code has been fully deseribed by
Col. Garrick Mallery.®

The Eskinio of Kadiak Island have a curious custom. There is a
place at each village where visitors stop to signal the village. As
they wait they work on an unfinished lamp whick is alwavs thers
and such lamps becoms the property of the brides of the village*

There has been an sstonishing growth in the usefulness of light in
the direction of signals, until there is now what may be called s lan-
guage of light. Most of this growth belongs to the presemt age,
where culminations in technienl lines furnish the basis for endless
experiment with all classes of mechanisms and materiala.

Aside from the tribal fire signals, by which various intelligence
was conveyod, the chief use of this method was for Hghthouses.
These were, in Europe, at lirst beacons of wood placed on headlands
and lighted when shipping was expocted. With increased commerce
estublished, beacons were arganized in order to give continuous
night service, This was diffieult with wood and eosl employed,
The subsequent history of the lighthouss in Burope deals with the
application of sciance to produce finally the great system of marine
light signals now in use.

WIL Ling Bolh. Abotimme of Teimscln, Malllar, (Kogand, 1509, p 5.
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It is said that the Mexicans had lighthouses on the lake erectod
on towers and heights. The one on Mount Tocitlan was & wooden
struciure Lo hold the fliming beacon. ™

In the uncient centers of commerce the problems of light signals
for mariners was met and famons lighthouses erected at imporfaat
consl poinis, us the Pharoa of Rhodes, of Alexsndria, ote. The
Romana huilt lighthouses around the consts cantrolled by them.
Ong of these ancient siructures is now within the limits of Doyer
Cuastle, England * 1t is also stuted that lightships were used by the
nncinmta.

In the days of the Vikings night beacons, wood fires, wers built
on hill tops or rocks st times when ships were. expected to return,
Then came the conlfire beacon; of which tho carliest known is in
Sweden and was built in 1202. The coal was burnt in un iron basket
hoisted high by means of a long lever. The first eontinuously
tended light in Sweden was in 1035, %

The ancient Persians built structures which wore called fire towars,
Ono of these, of quadrangular shape and having ramps runnine disg-
onally around the four sides to the top, is figured in restoration by
Babelon.® These towers wers connected with lire worship, and may
be regarded as high altars. Altars in high places, ns have beon dis-
eovercd at Petra snd other places in Asin Minor and Syris, were
beacons st the time of sacrifices. The same may bo said of the fires on
the summit of the Mexican teocalis. It is possible that light towers,
which have been called lighthouses; have & more particulnr signifi-
cance in eult,

Signaling by beacons is of almost world-wide occurrence. Bescons
are lighted on specinl occasions, as the Eve of 5t. Joln, or the like,
and serve to ropresent survivals from pagan firn observances. They
were lighted in time of war to convey information as to the enemy,
or in rejoicings for victory. One of the larerunners of the telegraph
relied on firo signals ab might. To this day the Weather Buresu uses
lanterns for warning of the approsch of storms.

The complexity of light signals used by railronds and in maritims
commerce is enormous. The utility of gluss and the skill in making
it in various colors huve contributed largely to the varintion of light
signals, 1

FIRE HUNTING

Before the finesse of trap or snaro hunting appoars to have bean
carried on by stalking wnd driving, where the guarry was surrounided
and driven by bodies of men pursuing methods not greatly in advance

=], . Bangrelt.  Maullve Haesg, wvol, 3, 1871, p &57.
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of those of the wolves and dogs of Australia. Surprise, stealtl, and

eunning, as of the animals, the blow with rude weapon, or pationt

labar to unearth the prey, were the means of early man for taking
LA

Togather with this state of rudeness of method wes the mexpe-
rience of animzls, so to express the habite of the denizens of nuture
now too rarely seen in a state of unfamilinrity with destroying man.
It ts ohserved that the bessts have beon educsted by experionos
ulmost more than their pursners,

Amang the rude nids of primative hunters fire boeume ane of the
most important, The advancing forest or praicie fire brought out
the terrified game better and more quickly than & line of hesters.
To this day the Navahos burn over large sress of the forests in the
White Mountains of Arizons in their annual hunts.  The fascination
of fire by night is potent to the destruction of fish, bird, or besst,
and thick smoke drives any mwilling nnimal whstaver from his im-
pregnahlo luir,

At some time animals acquired an instinetive fear of fira. This is
shown by the use of hot irons in controlling animals in menageri=,
In the work of circus men lions and tigers will cringe hefore a heatod
poker, nnd no matter how restless and fretful thoy may linve been,
the sight of the glowing iron immediately brings them to their hest
of animal senses,

A number of methods have bean developed, based on s knowlodge
of the habits snd other characteristics of animals, Chial of these
are the lures of light, remarked on in another section, and probably
Ister than eapture by smoke and heat.

The question of repulsion, especially of insects, hy fire agents may
be taken up first.

Tho use of the smudge is almost universal. The Chukehi earry
nitnched to their wrist a small heater (conser) and put in it bits of
herbs or dry wood in order to smoke awsy the insects, The Lapps
make n smudge with fungi which grow on tress wnd which bun
alowly and make aorid smoke,®

The Tunieas are said to have kindled fires in their palisaded
houses only twice a day, presumably to drive out nosionus inseela;
they did their eooking outside in earthen pots.=

GufTarel quaintly says of the Creek Indisns that “they aro often
bothered with little flies, which they eall in thero language maringous,
il it ¢ usually necessary for them to make fires in their houses, ab-
solutely under their beds, in arder to bo free from these vormin; and

W Corsalis Eﬂ I'ﬂhunnw_n-m--um Anoriouns, Lendan, I79, pe 1,360
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thay say that they bite severely, and the part of the skin sffocted by
their bite becomes like that of u leper,” ™

The Indiuns of French Guisna made a fumigation to drive awsy
snakes by burning eotionsceds over the conls.™

A writer in lo Congo lustre figures a company of Niam-Niam or
Moubutto harvesting termites by means of fire. At the commence-
ment of the rainy sesson they eat nothing else. Weeks ahead
pick oui the nest on which to operate. They dig at the base of the
cone n hole w foot wide and several feet deep. They then make a
pile of torohes from herbages, and by means of thess they overcome
the insects, not specially lively at this time.®

The Piute of Mono Lake, Californin, use the lurvae of & saturnid
mothasfood. At certain times the larvas descend from the trees and
are caught in a trench in whick fire is put.*

Rogarding stinging ants in Borneo, William Henry Furness says:

"*Just 52 wo were about to turn in for the night 4 broad procession
of thousands of them, every ong with its vicious little tail turned
definntly up, began a disbolical mareh neross our floor of bark, The
natives, however, inmediately built & small fire directly in their path,
which st once csused, first, & stampede of the vanguard, and then all
the rest turned tail, and still in quadruple or sextuple file, retreated
someowhat more rapidly than they bad advanced, and at last all dis~
appeared undor the lenves on the ground outside.''s

The Uhinese kill mosquitos with a lamp shaped like o pilcher,
having an opening in one side. The insects go in with the draught
and are burned on the flamea.

The eustom of driving gamas by fire is found In many places all
ovar Lhe world. '

In Virginia: “At their huntings in the desert they are commonly
two or three lundred together, Having found the Deers, thoy envison
them with many fires nnd betwixt the fires they place themselves,
And gome take their stends in the midsts. The Deere being thus
feured by the fires, and their voyces, they chase them so long within
that cirels, that many times they kill 6, 8, 10, or 15t hunting." *

The Plaine Indians accomplished this indirectly, ns may be seen
from the following quotation:

“Every spring the plains are set on fire and the buffalo aro tempted
to ¢ross the river in sesrch of the fresh grass which immedintely sue-
ceeds the burning. On their way they are often isolated on a large
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cake or mass of ico, which floats down the river. The Indians now
select the most favorsble point for attack, and ss the buffalo ap-
" pronches dart with sstonishing agility across the ice, sometimes press-
ing lightly on a cake of not more than 2 feet square, The animal can
mike but little resistance, sud the huntsr who hss given him his
denth wound paddles his icy boat ashore and secures his prey., *

Baker says that in Central Africa the natives st up nets snd start
& firo in the grass to the windward in order to cateh game.™

An ingenious method was practiced in California in which both
auimals und edible insects were eaptured.

The grasshopper hunt of the Consumues Tribes, Californin, was
6 great ovent. A whole sebtloment would turn out and begin
operations by starting & number of small fires, 4t regular intervals
in & cirele throngh the woods, guiding the flame by raking up
the pine nesdles and stamping out the fire when it spread too far.
When the fires burnt out there wes loft s narrow strip of bare ground
incloging a cireulnr area of several seres, within which the game was
confined. A lurge fire was. then kindled at & point inside the cirele,
tuking advantage of the direction of the wind, and allowed to spread
unchecked. The men, armed with hows and arrows; and AOCOMIPA-
nied by their dogs, kopt to the windward in front of the fire and shot
down the rabbits and other small animals as the heat drove them
from cover, while the women with their conical baskets on their backs
followed up the fire to gather up the grasshoppers which merely had
their wings singed, but were not killed. As a squaw picked up »
hoppor she crushed its head botween her thumb and finger to kill it,
and then tossed it ovar her shoulder into the basket.®

Some of the minor deviees of fire hunting, sometimes imvolving
considerable risk, muy ba given, ]

Negroes place s small turile in & woodehnek’s hole, having fastenod
& cotton wick saturated with oil to its ghell ab iis tail. The turtle
runs into the hole, turns sround snd comes back, and woodehuck is
emokod out.™

In Afghanistan the hunter with torch goes inlo the livena’s den
throws s falt cloak over animal's head, slips & nooss over ite forelugs,
aud drags it out. Arabs use a gag instoad of & nooss.™

In bear hunting the Natches Indiang drop » bundle of lighted
roeds in bear hole or shoot an armow with string attached to point

and bearing tinder, the Intter dropping down and igniting boar's
mlﬂ]‘l
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Hunting snitals with torolies or other lights makes use of the lur-
ing or biinding effects of this medium. Iis use is extensive in space
nod time und is employed for the taking of various animals. Among
the Haide and other Indians of the const of Dritish Columbin, birds
are tukon by torehlight. The Iroquois huny pigeons in the same
wiLy.

Wood, quoting Sproat, says of the Aht:

I Burning the water' is employed in eatehing salmon, and is ear-
risd on by two natives, one of wham peddles the eanoe whils the
other stands in the bow, where & toreh i kept burning, and strikes
the fish as they glide through ths water" ™ (pl. 24 ).

The Indians of Cape Flattery hunt seals in this way: Indians,
torch in hand, penctrate deep caverns at extreme point of Cape
Flattery nud kill seals, who are blinded by light.™

“Torching” peese 13 practiced by the Nutks Indians, ealled
Eaquates, who live not far from Nutka. “Wild goese = * *
enught with nots made from bark, in the fresh wators of that country,
Thosa who take thom make choive for Lhst purpese of a durk and
rainy night, and with their eances sbuck with lightsd torches, proceed
with na little noise as possible to the place where the geese are col-
leoted, who dazzled by the light, suffer themselves Lo be approached
very near, when the net is thrown over Lthem, snd in' this manner
from 50 to 80, or even more, will sometimes be tuken at one cast.”?

Tha Chusta Costa (Athapustan), Rogue River, Oregon, fish by
torchlight. A torch is placed in the ereviee of a rock over the water
to attract fish from the deep holes near to the surface within resch
of the spesrsmen.™

On Feather River, California, the Indians fished all night long,
having n small fire in the hottom of the canoe built on u layer of earth
placed there for the p A

The Indians of Puget Soumd made use of the torch to oateh
gume—a davico entirely unknown among the more northern Indians.
They hunted elk wnd deer at night, attracting them within bowshot
by the bright lights. At certain points on the const, whers groal
flocks of waterfow] flew (rom peint to point, they ercctod tall poles
and on them stretched nets made of cords manufactured from wild
hemp and eodar roots.  Gotting behind these at night they would
raisa thoir torches, and it wus astonishing to see what numbers of
birds sould iy agoinst the nets and drop to the ground, stunned by

the forea of the collision and thus rendered powerless to escape the
hunters™
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Bevorly docribes fire fishing, commonly culled “gigging in Yirginia,
whers it was practiced up to s few yants ago.

“They have nlso nuother way of fishing, like thoso on the Euxine
Sea, by Lhe lelp of & blazing fire by uight. They muke s hearth in
the ouddle of their canoo, raising it within 2 inches of the edgo; upon
this they lay their burning lightwood split into small shivers, each
gplinter wheresf will blnge and burn sud for end, like a candls.  !Tis
one maun's work bo attend the fire and keep it fluming.” *

The Sencens wsed, when deer went into tho river to get rid of mos-
fuitos, to vome at night in their canoes with a candle of wax at the
bow, and the deer semed blinded. The Indian could go very elose
to shoot them ™ (pl. 25).

Squior decribes fishing on the Mosguito Const by torehlight., The
torches are made of bundles of fat pine fastened at the top of a long
pole. Ho suys that the fish are attracted to the light and aro hsr-
pooned, the man standing in the bow of the eraft, @

The Indians of the Antilles aleo used torches in fishing with dip
nets, in the rivers at night.

In Swoden esperesilzie were shot by torchlight. =

The sharigines of Victoris, Australia, spearod fish by torchlight.
They carried & bark torch and walked around in: the water armed
with n spear ™

[n Burmn deor are stalked by hight. A lamp is pus in o pot with
n hiole in one side and deor are “jucked" by the light.=

CLEARING AND AGRICULTURE

Man and vegetsl nuture have always been locked in struggle.
On the one hand thers is subsistencs, protection, snd n supply for
numerous needs, and oo the other represaion and limitation of effort.
If the junglo is nooepted we find men living closa to nature not many
removes from the foreat denizens, ks the Sukais and Chowpal, “wild
mon'" of the Malsy Peninsula, If the jungls is combated, the seads
of progress ara sown snd man emerges Lo n botter condition, Agninst
vegetation mun sets fire and makes an important stop in the press-
ricullural period toward true sgriculture, Thero is seen & period in
which man conseiously or unconsciously sids the 1rees on which he
depends for food at bhoaring. Trees approaching the ripening of
fruits are enrelully watchod. 'Thore are soms referonces, not bo hund,
and offered with reserve, concerning the building of fires under hear-
g troes to ripon the crop. Such o enstom was said Lo ohlein in
the - Philippines in regard to mango trees, The natives of Guam
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“fraquently cut gashes in the trunk (of the mango tree) and build
fires beneath the limbs, thinking that the tree will be induced there-
by to produce » good crop.''™

The Panamint Indians (Shoshonean stock) of Inyo County, Cali-
fornia, harvest pinvon nuts by means of fire. Thoy pile the cones
up in & mound and put brush on the outside nnd et fire to it. ‘The
cones are pitchy and burn freely, and during the process the nuls
roast and come out of the cones ani [all to the bottom of the pile,
where they ure gathered. Subsequently they may be better roasted,
Circles of stones, which are the fireplaces for this harvesting, wre
found in the pinyon groves.® It will be surmised that these trees
aro in u sensa cultivated through the physiesl effects on the soil
about them of the wisitors. In some cases obsiructions are cloared
away in making a camp, and in other respects the tree is benefited,

In British Central Africs, in the Shire River region, fires ure noc-

to clear away the bush (grass), which would become an
impassable jungle otherwise. These fires; set by the natives, have.
been observed in parts of Afriea from the early sges by travelers
Tho pround is eleared for garden plots. Frequently the fire jets out
and rages over vast tracts of territory, ™

A similar process is observed among the Cocops Indians on the
Lower Calorado River. Animportant article of food of thess Indians
is grass seed. After harvest the Indians burn off the dry grass to
elonr the lund of rubbish, so that when the new grass springs tup the
harvest may be facilitated. The Indians beliove that the gross is
benedited h]r burning, and their idea sppears to be good Thisis
gesa of unintentional fertilization. 1t also may be seen that & con-
tinuation of this process may work a chunge in the habits of the grass,
leading in some respects to its domestication.

Foreat cloaring by fire is repeated in many parts of the world.
This s a characteristic method of early agriculturs of limited extant
not furnishing s complote busis of subsistence-  An example is seen
in the firo clearing for manioe plantation by the Roucouyenne In-
dians of Feeneh Guiana. The natives cut the trees at the approach
of the dry snason, und Iater burn them ™

The Natchez Indians cut down vanes to muke s field. When the
canes wers dry they set fire to them.® On this precarious method
of Agriculture the Maya cities of Contrul Americs Hourished, Their
deésy snd changes of hass have been sttributed to the rapid growth
of grass on the cleared ground, preventing work with crude native
tools, and the necessity of going farther snd farther from tho cities
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to cloar lands, and the consequent * human beast of burden™ trans-
portation problem.” Doctor Cook observes that there is littls or no
original forestin this region, and open grass lands not reforested pre-
vail #8 in the prairies (p. 8), giving support to the fire origin of the
FIII.IIGE.

There nre many curious adaptations of fire in husbandry. In
Bhutan the bearded wheat which is grown thers is tied up in small
gheaves, In same places, as in Kepta, they separate the wheat from
the straw by burning it, and in Tussisudon they thresh it out with
flaile®

Mare primitive still is the removing of husks from seeds by shisking
them in & basket with & hot stone, practiced by the Piute Indians.

TECHNOLOGY

Tho great subject of abariginal fire technology can only be treated
in s suggestive way by citing a fow notes and observations covering
the muoin features. Fire enters into the major and minor arts in some
parts of & process, quita useful but often escaping ohservation. An
examplo is given in weaving, where to render the thread uniform it
is singod. Daskets are somelimes finished in the same way.

ol

Tho technology of woodworking by fire has innumerable instances
among all peoples. Gross work, such as folling trees, was nocom-
plished by siarting a fire at the base of a tree and by alternate hurn-
ing and seraping away the churcoal until at last it was felled. In
some Lropical forests there is no dead timber, it heing consumed by
termites, and il hecomes necesary to usa live wood. The Southern
Indiane broised and frayed the wood with stone axes, thus rendering
the burning essior.® They lnid on elay to guide the fire,

Cutting trees into logs was easily dono by fire. The writer remem-
hers that in West Virginia, in clearing whon it was dosired to cut logs
in two, the settlers laid them across and built o fire at the junction.
This wes called " niggering off ™ logs. T'hie necessity of lurge masses
of wood would only arise in primitive society, usually for canoes,
wooden vessols, log images, ste. Wherever ‘*dugouts” wers made
they were hollowed out by fire.

The writer remembers very well when i boy seeing n long canoe
hollowed out By fire at Margantown, W, Va. The process took soms
time, but was cheaper than it eould have been done with the poor
tools available, The canoe was made out of & long tulip log. It wes
very eranky on the water, as many a boy found to his sorrow. It
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finally sank; no doubt it will same day be dug gut of the river grivels
and preservid as sn Indian relie,

Not less in skill than any other tribes in the world with regard 1o
the working of great Limbers are those tribes living on the nocthwest
eonst of America. They not only handle fire for the gross work, but
use it ns & tool for finishings., They determine the thickness of the
skin of the eanoe by driving in wooden pegs of the required length
from the outside, and burn the wood deep enough to exposo the hesd
of the peg.

Murchand says of the Tehinkitanay (Athapascan) of western Can-
ada, that'* In constructing a canoe the ancient method of undermin-
ing its foot by means of fire is pursued. Tt is by the sssistance of
this same agent that they contrive to hollow it out; it is also with
thia instrument, which is doeile in their hands, and the sction of
which they know how to direct and regulate, that they fashion the
tree on Lhe outside so s Lo give it the form the best calenlated for
being supported by the water and for dividing the fluid by either of
ita extremities indifforently * * * firg has the property of hard-
ening the wood to which it has been applied, consoquontly of proeur-
ing it greater density and of rendering it mors impervious to water
It can not bo doubted that they have discovered in fire this property
of rendering wood more compaot,sand of pralonging its duration
when it is to be exposed to moisture, sinco when they make & point
to u stike which they intend to be driven into the ground they take
great care to harden, by moans of fire, all the part that is to be
buried." ™

Jewett savs of tho Indians of Nutka Sound that they eéxcavals
trees by mesans of chisels and smooth the bottom snd sides by burn-
ing in order to remove any splinters. This is often ropeatod 8s the
canos gets rough, ™

Turner, referring to the fire-hollowed conoes of New Calodonia,
sHya;

“They had only stone edge tools formerly. They fulled their troes
by & slow fire elose to the ground; took four days to doit. Durned
off the brunches also, and if for o canoe or house post, the Jength of
log required. If for a esnoe they eut a hole in the surface of the log,
kindled a small fire, und burned down snd wlong, carelully drop, drop,
dropping water all around to confine the fire to » given spot; und in
this way they hollowed out their logs for the largest eanoes,

The Nutka Indians, Vancouver Tslund, British Columbis, secured
the requisite flare Lo their canoes excuvatod from logs by filling them
with water and throwing in Lot stones, the heat softening tho wood
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and ullowing the sides to be strotched and held in plase by cross
braces. Al the same fime the sides of the esnoe were heated by
long strips of burning bark pleced at the proper distance, ¥

The southern Indians in burning out & wooden mortar regulated
tlus penstration and direction of the fire by means of clay. ™

Fire was made much vse of in bonding wood. When a sapling,
for instange, is laid aside to dry it is found nb o certain stage of the
deying if it is forcibly Bent it will retain the bend and not spring
back. Fire expediles this feature, and nlso renders il possible to
permanently bend seemingly dry wood to the shape requirad.  This
ig shown in the Stoux method of shaping & bow. By this method
the bow, after it is drossed to shape, is bent into » graceful form by
rubbing oil on the portion designated sand holding over the fire,
The wood becomes: flaxible, and when bent over the Jnee to shape
anid held awhile till cool will retain its form. The double carve
“gupid's bow' i so bent by the Sioux to fever the howsiring, as
the theust of o straight bow will break the string.® The curious
twisted pipestems made by the Sioux ure examples of excellent bent
work. Theso pipestems, bwisted after steeping in boiling water, ure
held in the eroteh of a tree and twisted. They were retained in
shape till cold, and would so remain. The Otoe and other Siojan
tribes along the Missouri River pursucd this method. Ashis the bost
materinl for pipestoms.!

Among the southern Indinns the practics was to bend wood with fire®

Another method s by heat and moisture, and still another by
steaming: ‘The Mohave Indians of Arizons made excellont fishhooks
from cactus spines by bending them with heat snd moisture,*

Stenming und bending wood was practiced by the Eskimo gen-
erally. Tn tho manufacture of burk eanoes by the Canadian Indians,
David Boyle says:

“The two ends of this bottom atrip, having been shurply doubled,
arg forced betwenn the end sinkes, aml the united pieces of bark are
slightly Liollow all slong in consequence of this doubling st the ends,
A lire having been hghtad close by, stones ure heated, and these are
placed in t]:m hollowed bark, which hus meanwhile been filled with
wator. Very soon the bark has been sufficiently stentmid to be foreed
downward between the stakes to the ground, Strips to form the
upper portions of the sides sro now added by the stitching method,
and by the application of pine piteh to all the joints." *
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The use of heat as & means of bending and straightening timber
among the aborigines of northwest central Queensland is thus de-
saribed: .

*The aboriginals throughout all the different ethinographical dis-
tricts both know and practice various mothods of bending or straight-
ening timber, either when already cut or in the rongh. Thus, & dry
heat in ordinary sand, & moist heat from burning freshly gathared
gum leaves, or moisture in general, such us sonking in water, is em-
ployed for bending sny of their wooden imploments into shape as
required. In order Lo maintain and preserve the timber in the posi-
tion atiained by one or other of the preceding processes, the whole
is eovered thickly with gresse and fat, saurisn or mammalian. '

Smoke ssasoning of wood is practiced by some African trilies.*

Pressrving timber by buking wes known to the Tndians of Nje-
Aragun.

Mention must be made of the universal practice of sharponing and
hardening points of wood by fire. It is stirmissd that the first picre-
ing weapon was mada in this way, in fact u development of the fire

poker. Implements pointed by this means sre found in the débrds
of the eliff dwallors.

nonN ANS TVONT

The shaping of horn by heat is widely known, and probahly the
arl is of great antiquity. The Amerioun tribes within the range of
hornod animals formed spoons and varions articles from the material
by spplication of heat. The northwest coast Indians and Eskimo
are espocially skillful in working horn by heat, and remarkabls apeci-
mens of this work are in many museums. The Eskimo *sosk hern
ad ivory in hot urine and steam it. This is done befare carving,
The urine is-saved in n kantag and heated with ot stones,"?

FTONE

Thers i3 no foundation for the oft-repeated story that stone arrow=
heads are chipped to shape by fira, as extensive experiments by the
writer show. Dry stone of the material from which arrowhends are
made will not fracture on the application of water in nny degree of
heat. In mining, the stone contuining the natural “quarry water”
is fructured by the expansion aotion of stoam. The ramoval of slony
obstructions in the way of Hannibal's progress over the Alps is prob-
ably apoeryphal.

In the Philippines the natives soften the (copper) rock by wood
fires and then exenvato it and extract the ore. The furnaces are

* Walter E. Roth.  Mihnaiogim) Biwdies Ay te Norlh-Wasi-Omntsal Jueamniand A Verigiom, p.
MR Pulllded by Quessaland Ageut-Cenmal's (foe, Lendom, 18597,

Yibr [arry Johnston.  Slanfond's Oompoadlom ol Afrisy, B moS2E
Vistarmettion by Hewry Elfiote
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holes lined with clsy and bamboo hlowers supply the draft to
their firea.* _

There are roforences to quarrying by fire in India and other places.
There is no suthority for the use of firo in aboriginal copper mining
in the Lake Superior region, the metal being pounded out of the rock
superficially.

“Among the recent discoveries st Hissarlik by Doctor Sehliemann
are the remnins of buildings which he supposes to have been
temples. The walls are respectively 1.45 meters and 1.25 meoters
thick. Nothing, he says, could better prove the great antiquity of
the buildings than the fact that they wero built of unbaked hricks,
and that the walls hud been baked in situ by huge masses of wood
piled up on both sides of esch wall and kindled simultansously. Ench
of the buildings has & vast vestibulum, and each of the froot faces
of the lateral walls is provided with six vertical quadrangular beams,
which stood on well-polished bases, the lower part of which were
preserved, though, of course, in a calcined state., Doctor Schliomann
maintaing that in these ancient Trojan tomples wo may see that
the antos or parastades, which ta later Hollenie temples fulfilled only
s techniesl purpose, served as an important element of eonstruction,
for they were intonded to protect the wall ends and to render them
capable of supporting the ponderous weight of the superincumbent
orossbeams and the terrace, Similar primitive enfoe were found in
two other edifices, nnd st the Interal walls of the northwestern gate.
It waa also discovered that the great wall of the anciont Aeropolis had
been built of unbuked bricks, and had been baked like the temple
walls #n site.  According to Doetor Schliemann, a similar process of
baking entire walls ls never yet been discovered, and the anfoe in
the Hellenio temples are nothing elss than reminisconces of the
wooden andoes of old, which were of important constructive use.”'*

In the Salt River Valley, Arizona, the prehistoric inhahitants lined
their ditches with clay or puddied earth, which they baked in place
with fires of woods and brush, Tt is said thab thess cunals retain
their lining, and then when clearéed ont and used by the present inhab-
itants nover foul up with water growth.**

This reminds ene of the modern practice in soms localities of bak-
ing "gumbe" for road making.”

INOER ARD LANES

Thero 15 considerable technology of smoke and ashes. Tho use of
smoke in coloring and preserving tawed skins was known to most of
the Ameriean Indian tribes. The smoke gave the skin s character-

TEamot Boyes Lals. The Amer. Mon. Hev. of Bav., Artiolsdo Oobd ln Philipples, pooe
* Benry Bchllemann.  Trap, New Vark, 155 p 32 Banmmary from BclentiBc Armsrican,
“F.W.Holps. Aocectirrigation io Argoms, Amer. Antheop, vol, & Jaly, 156, p. 325
U Popuilar Mechssies val i, Al 1900, p, 807,
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tstic odor, 4 pleasing color, and was said to provent the leather from
hurdening when drying after boing wet, The Indians of the northe
ern woodlands preferred “amoke tanned” leather,

The rubber maker of Para uses a smouldering firn, fod with ticuma
palm nuls (Astrocaryum tucuma), over which he places s elay chim-
ney resembling & bottomless jar or vase with logs beneath. Through
this boizs the thick smoke pours in n constant siream, dries, gnd
blackens tho rubber,™

Ashes likewise lind inany uses; ths most familinr among the Indians
being the removal of the husk of the maize grains, The Puehlo
Indinns understood the slkaline churacter of sshes nnid used it ss n
detergent. The extraction of alkali from sshes is » very ancienl
process, and the product was esteemed by the alchemists in pre-
chemical ages.

Ronkhill observes that among the T"u-ssu:

“Fire for preparing fertilizer. The people were busy in the field,
cutting the sod and piling it in heaps, to which they set fire. When
all roois end grass had been consumed, they threw this top dressing
of loess nnd ashes over tlie soil, which usually reccived no other
fertilizot. 1%

The bone ash of the reindeer was used by the Labrador Eskimo
st Fort Chimio us an absorbont of fat from sking in process of
tanning. '

Lime burning and sslt making are widely diffused arts in whioh
fire is employed.  Primitive potash and salt industries are described
by Dr. Louis Lapicque.

The production of tar and resins muist have been exemplified in
the firoplaces of carly man through the burning of various vegetal
materials, No rocords appesr to occur in the Americus of the use
of this process, which is analogous to distillation.

The art of distillation must be thought of comparatively late origin
and a secret jealously preservod by the alchemiats. In Maxioco stills
having to all appearance a quite primitive character sro found in nze
among severnl tribes, but the iudea is no doubt of Old World
origin.''  Examples of a similar character are found in various parts
of the world. Koumiss is distilled by the Kalmueks in s simple still
protlucing o kind of spirita, '’

HINOE TECOWDLOAT

Among the innumsrabls uses of fire in o minor way msy be men-

tioned Lthe following: I8

ML . Smiih lu-;il. New Tut_,]ﬂ[ p_,.ﬂlll.tﬁ Agtres ol rllier ke, gosrd g bs wleer, wal
ek,

W, W. Heehlill, Land of the Lamss, New Yook, [0l p. 18 .

ML AL Trrwsr. 10 Aes, Moport, Bur. Awmes, Ethne) | 000, p. 26,

® Dammants sbmogmplinees mr Pakimontatiom migeml LY Anthropabege, T, vel 7, p, 5

B fobm 00, Baorks, Pietllsbion by Early Amwerioes Tedlam. Anwer l.;u.mmu.fd_'if,,lui:mn 6T,
¥ Cpelopedls of Unlveos! Kwewlslpe.  Artisls, Horee. &
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The Indians of the northwost eonst and the Sioux were in the
habit of singeing off their hair with a firebrand. Among the Plains
tribes the woman cut off her hair and put it in the grave of her dead
husband. When her hair grew to its sceustomed length she was
permitted to marry again.

Duw Pratz records that hair was cut among the southern Indians
by means of & coal of charconl '®

The western Dono of Oanads melted holes through the ice with
houtad stones previous to fishing in winter ™

In pitching their basket water bottles the Ute Indians pursue the
{ollowing method :

They pound or break up pine piteh, put it inside of the busket,
and introducs hot stones which they shake up in the basket, evenly
distributing the piteh over the entire inner surface® The Apache
alsn wse this mothod. \

A tumber of tribes parch grain and seeds by shaking them with
hot stones in » basket tray.

Major Powell describes roasting seeds in a basket among the Ute
Indians as follows:

“They roast them euriously; they put the seeds, with a quantity
of red-hob eonls, into a willow tray, and, by rapidly and dexterously
shoking anl tossing thom, keep the eoals aglow and the seeds and
truy from burning. As il by magie, so skilled are the crones in this
work, they roll the seeds to one side of the tray as they are rosstad,
and the conls to the other.,"®  The southern Indians parch maize in
this manner.™

The extendad use of heated stones in cooking is taken up on page 40,

TR AT

Decarative arl 1s indebted to fire in many applications to wood,
leather, horn, bone, bamtbioo, and olher materials.  T'he use of fire for
such purposes ia still current under pyrolizing or “poker work.” The
American Indinns employed it on small surfaces, as pipestams, clubs,
tomuhswk Iinndles, snd so farth.  Omne of the first nees of files brought
by the trader wes to lieat them and prees them on wood sutfaces,
producing u grained effect pleasing to the Indians. A variety of this
ornamentation, practiced by the Ohippewn and a few other tribes,
consistod in winding a strip of skin around & eylindrical pisee of wood,
05 o lance shaft, and holding the objeot over the fire till the exposed
spnces wers deeply smokod.

Wiu Prate. Paris, 1708 vl % p, 195
WA, 0, Murice. Prod. Canud. Tnib., vol. 38 Ostober, 18w, p. 100,
lsterssation by dade NWalkam Wjue, Naw Yaric

BJ. W. Powsll, Erplomilion of thé Colorade Tiver of tha Wes, Washington, 1573, p. 137,
BY 1 Weantes  Hul) 4l Boe Ay, Exheed, W15 p T,
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METALLURGY

In an articls printed in the Proceedings of the National Academy
of Sciences there was presontod n papor giving the resulls of a resanrelt
into the development of moetallurgy® In this articls it is shown
that the progress of metallurgy up to this sge of grest progress
was dependent on the increase of heat by various devives, By this
man was gradually able to work the great pentad of metals familiar
t him in nature, namely, copper, tin, gold, silver, snd iron, forming the
substantial busis upon which modern metallurgy rests.

Modern metallurgy is truly s wonder-warker, With the combi-
nation of engineering, chemistry, nnd physics man has freed elomonts
which have nover before appeared in the metallic state,

Necessarily metallurgy appears at a comparatively late dato in the
history of man's sequaintance with fire. Tis rudiments are, however,
in the fireplace of enrly mun. The gentls draught of air or the more
sotive broeze freshons up his fire, and this may be secomplished in
still air with & broad leaf or & manufactured fan. Fuarther on it is
found that by blowing through a tube made of one of the grasses &
more direct and intense Wast of sir can be produced. The tubes is to
bésome the tuyere and the fan thd bladl driver, combined in the bel-
lows nnd culminsting in the vast apparatus for forced preheated
draft in the modern colossi of the motal industry.

Because of the specialization of the industry and its multifarious
demands, &s sources of metals, ores, and fuel, transportation and com-
merce, together with inventions and skilled workers, thers arose con-
ters or foci renowned in the ancient world for metal working. To a
certain degree this was preceded by a period of diserete or housahold
mdustry observed gencrally in Afrien.

The niceties of the reduction of ares remained for modern seionce,
early metal workers confining their attntion to varioties which eould
be reduced by the facilities snd knowledge in their possession. It is
possible that the Bronze Age even at its forus may have overlapped
the Iron Age, and it ia not strange that some students should have
been Jed Lo sssert thst iron precedod bronze. The accummluted
knowledge required for the reduotion of an inconspicuous ore to
secure a metal not known in a free state snd with properties sud
walus unknown is grester than the production of an alloy of two
metals, one free and the other practically free,and both known to
man for untold generations. There ars also the high temperature,
1,2007 to 1,300° C., and the experimental data on fluxes required in
the reduction of iron ore. The metallurgy of iron was & distinet
advance on that of bronze anid made use of the experimental know-
ledge nnd mochanical equipment soquired in the Bronze Age. The

FWaller Flough. Maz sod Melals, Proe, Nt Asad. Aed, twl. 3, Marsh, 1004, p. b,
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bellows, which elessieal writers nttribute to Daedalus aml ﬂ.nnnhm,
may have tonde pessible the reduction of copper ores in the later
Bronge Age, and may have unlocked st unother period the coming
'I.'I?I.l!lrl] m =i

The eritical invention in metallurgy is the bellowa (pl. 26), which
belongs exclusively to the Eastern Hemisphere, the western world
having only sdvanced ss far as the blast of human hreath through
tubes.  In this respeot it may be said that the mstallurgy of Amer-
ica is more primitive than any reported m the Eastern Hemisphere.
The ridiculous blnst furnaces of aneiont Peru deseribed by Gareilasso,
in which u cirels of mon blew through tulies inta u centeal crucible,
i# un exumple® It uppoars that this method was emploved in the
higher civilizations of Amerien. Oulside of thess wreas it i not
probable that sny metal was worked by heat.

Primitive melallurgy has attracted seversl students. The research
of R. Andree may be eitad in going furtlier into the subject.™

The manifacture of hronge, whivh ushers in the now ern, is so
complex that it must take place late in the history of metallurgy,
which itself begins long after man hes become sequainted with some
of the free metals, especially copper, which was worked cold or with
a modicum of heat in Amerios and elsewhere. A poriod, mueh limited
in extent, whon eopper wns pounded, seems to have proceaded the
working of hiranze, but copper is diflienlt to melt end cast, and it
ia probable that bronze resulted [rom experiments with mixtiures
to lower the melting point and to pdmit of casting in u eloged mold.
Metallurgy, considered from the standpoint of the utilization of fire
probably follows the intensifying of hest for certain purposes, ns the
heating of s pit oven for the roasting of roots (the pit furnsce wus s
device of ancient bronze workers), or in the varions kilne by which
fire was vanfined for burning pottery. Thus; & heat has boen abserved
in the ancient potter's kiln discoyernd in Arizona which sometimes
fusod nnd distorted the cluy and produced witroous slag®

The discovery and use of fluxes must be considered.

As mentioned in the article quoted, ** the metallurgy of iron was a
distinet sdvance on that of bronze and made use of the experimental
knowledge and mechanicsl oquipmont aequired in the Bronze Age.™

CERAMICS

It is obvious that the ceramie art long antedated metallurgy.
The Bronze Age appesred as an inclusion in the later Neolithio,
while the exrliest pottery s found in the beginning of the Neolithis.

“ Proe. Mol Asd. Beb, veh 3 1004, p. 20
®Jaiin Pike. The Discarery of Amarien, vel. 3 1850, p, 500

= The AlytuDs bal dez paturralkers mil SermksiehUpung probistoricher varhutioe, Topuie jikd,
® Walter Thongh, Archechogical Flebd Werk it Woritiestern Arimes, Los Hept, U, K Not Mus,
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Pottery furnishes its own enduring record, and it was, before the
modern discoveries of antiyuity, probably known to Sir Thomas
Browne that shards were quite as imperishable as charcoal. ®

Clay heated to 750° F. has driven out of it the water of conmbina-
tion and becomes incapable of softening by water  This observation
is unexcelled ns to sntiquity, and duo to be made at one time or
another by the earliest users of fire. Nevertheless, it was an im-
mensely long period before this knowledge bad practical adsptation
in the formation of vessals or other objects of uso.

The presnmed order of development is: Observation of the effects
of heat on the fireplace or surroundings, as alay murgins, ete.; har-
dening of perhaps children's artifncts thrown in the fire; when fire
sccidently or othorwise preserved the shape of clay-covered structures
of vegetal elements, ss primitive daubed houses or vessels such us
the Mohave Indians of Arizons mske, only suggestive; and the
actual making and firing for a definite purpose, the so-sulled discov-
ery. The wheel follows, beginning with rudimentary devices for
handling the ware, and arrives st an effeotive maohine. Gradually
also there is an ineressing command of heat, and with selection of
clays stonewars is made, and so on through the history of coramics.™

albdd

The history of glass making in respect to its bearing on the prog-
ress of our knowledge of nature covers n very interesting fiold.
Glass s one of the results of unconscions experiments, primarily giv-
ing rise to the observation of the effects of fire on various materials
happening to be subject to its nction. 'These observations could
peour innumerablo times in early periods before the next step toward
the utilization of the fused product could bo taken. The advance is
made when the eultural stage demanda it. Gluss is forshadowed in
the reduction of ores,  Thus the manulacture of glass is recont when
eompared with the time column, Popular beliof in the discovery of
glass by the fortuitous presence of sand and niter in & beach fire is
lod sstray by fables invented to fit imaginary happenings. Long
befare the discovery of glass the motallnrgist was Tamilisr with slag,
and the potter in an unusually hot firs sometimes produced the fore-
runner of gluze. Lava also wis o practioal demonstration of the sol-
vent power of fire well within the experionces of somo of the groups

of primitive man.
BATHS

There is little data on the origin of the hot-nir and vapor bath,
though there are many refsrences giving the custom great antiguity
among civilizod peoples®™  The distribution of the custom over wide

* oy Thomms Browns,  Hydtntaphls. Warks p 57
= Eae Bynoptic Frim.  Pros. 17, B. Nab Muos, vel, 6, 1922, p. 40,

§ W Eivates Dok 3 phich. & pay. 7, syl that bealed soses wess wamd by lae Latealy Seibls by (ke Laigs
tantuss sud Iamemanizas,
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arens, also, gives evidence (hnt this festure of Uhe use of fire was

known in very early times. The method may be of extroms sim-

m;y or as complex as the Roman thermae of our modern Turkish
,attended with every laxury.

The American Indians pretty generally employed the vapor amd
hot-air bath. The vapor bath was most common, the hot-gir buth
being employed by the Eskimo and in Californis by all the tribes
except those in the extreme northeast. The sweat lodge or house
was counstructed with great oure amd with religious observunces.
Sometimes they were of flimsy construction of slender poles covered
with ‘skins or blankets, or regular structures covered with sod or
oarth., Ofton they were large aud formed & meeiing pluce, ns the
Pusblo kiva, The kiva however, named by the Spanish estufs under
n misapprehension of its character, was not used for the vapor bath.
Thé satme may be true for other lodges devoted tosocinl and religions
life by seme tribes.

The Pusblos in general did not use the vapor bath, but in some
cases may have employed the hot-air bath. The method of supply-
ing the vapor wis the same in all cases. Stones were hosted in &
fire atd removed with sticks or tongs (see handling) to & small pit
inside the ontrance of the sweat house. Water was pourad ou the
stones and the orifice or door elosad. Ganerally more than one per-
son vocnpied the sweat house. After the sweat bath, il a stresm
were available s plunge was taken.

A form of sweat bath in which the patient is covered with hented
earth is mentioned by Chearlevoix.

The temezeal or vapor bath of the Moxicans wes apparently more
sejentifically constructed than those of any other peoples of the Now
World. As pictured in the codices and deseribed by the earlier
writers on Mexieo the temezeal wes o roctangular structure of stone
having i low door with ventilating aperturcs placed on either side of
it, DBuill sgainst one enid was u rounded oven having s smoke hole:
in the apex, & firs door and s flue leading into the ndjoining chamber.

Tl temezeal was dedicated Lo s divinity and the curative elfects
aof tho bath nseribed to supernstural powers. Various infirmitics
were trented,  The bath was publie and free, those using it bringing
some small offering of woord or pulque. Under Spenish influence
temezeals sssumed a boohive shape, but exsmples of Lhe ancient type
are still found in use, notably at San Juan del Pyramids.™

The southern Aluskan Eskimo, in common with the Tndisns, make
usa of the sweating bath, the large conical houses commonly serving
for the purpose. It isnot known how far bayond the shores of Bor-

ST abovy itz wes secum frim am weesilent sriich by Joow Masta Arrals, plibllied i Ithimes,
ral LMoo i, Meolso, (03 p. 35
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ing Straii this custom extends, but it ceases before the snow liouse
begins.®

The sweat houses or sweating booths of the Shuswaps are identical
with those of the Tinneh, Crees, and other peoplos. They eonsist
usually of about & dozen thin willow wands planted in the ground at
both ends. Half of them run ab right. angles to the other half, and
they are lied together at esch intersection. Over these & blanket
ar skin is usually spread, but [ have also seen them sovered with earth.
A small heap of hot stones is piled in the center, and upon these, after
earefully closing the apertures, the ocoupant pours some water. The
sweat houss is always situated on the banks of a stream or lake, so
that on issuing therefrom the bather msy st once plunge into the
cold water,

The Kiown (Kinwan) sweat lodgo is a half oval crate coverad with
sking or blankets. Two poles are stuck in the ground st each emnd,
bent over until the four meet in the middle of the roof,  Across these
ere horseshoe-shaped bows at intervals of a foot stuck in the ground
to form the crite. HRobes nre Inid over these to make all steam-
tight. A slight execavation in the middls of the floor recaives the
stones, heated in o fire outside. Waler is poured on the stones,
the naked bather lios on his mat ingide, and afterwards plunges into
the water.

Special vapor baths were given, an example of which may be cited
among the Coucouyenne Indians of French Guiana, whers & woman
after birth of an infant is given n yapor bath by plucing: hot stones
under hor hammock and throwing water upon thom.®

For comparison the Rossisn bathhouse has s stove in the center
and benches one above another like those of a greenhouse. Large
stones are heated in the stove; when they are taken out water is
poursd over them, filling the room with steam. The people lis on
the bonehes, and the hottest part of the room is on the higher
bonoles ™

Several reusons are given [or the use of the vapor bath; as & sani-
tary practice, for the curing of disease, snd ss s religions observance.
All these clhsses are found in Americs snd in othor places whers the
swont bath is distributed

One of tho earlicet observitions of men sequainted with fire would
be the effect of water on live coals, producing steam, The utiliza~
tion of stenm for the purposes described is an interesting feature of

the fire study, presenting as it does one of the earliest employments
of water vapmor.

B Dy, [ Riok.  The Esiimo Tribe, Cepraimgen sol Landon, b, 2
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SANITATION

There are a few recorded instances where fire or one of the prod-
tiots of fire, ps smoke, was dofinitely emp!ore& #s A senitary agent,
Smoke a5 a preservative of food snd in varions other technological
uses was perhaps early known. Thess features will be treated in
another place. As an instance of sanitation among the ancients, it
ia observed that Ulysses after the punishment of Melanthesis and
the alaying of the suitors had his house purified by burning sulphur.®

Bundles of willow twigs were kept by Lhe Point Barrow Eskimo to
be burnt one at a time to destroy had odors,™

While smmoke may appear to be merely & means of disgnising odors,
or aven for the production of swest odors, as Shakespeare says, “and
burn sweet herbs to muke the chamber sweet,” it undoubtedly exer-
cises & minor germicidal action from ity constituents.

The fonduess of orientals for smoke seents is woll known,  In Japan
especially the use of resing and gums worked into decorative forms
has risen to a high expression of art. Among the Romuns this hooury
was carried to the extremo of perfuming the oil for lamps. Incense
Emm; E: of these uses, fostered by beliefs in the efficacy of this prod-
uet o 5

WELLES

In prescientific medicine the spplieation of hest for healing was
common und widespread. There is also information of very ancient
practioes of this charncter. Cranin from the Neolithic stations of
Feigneux, Conflans-Ste-Ilonorine, Vaureal, Menonville, have been
found bearing cauterizations which L. Manouvrier relates to the
classic and modisval practices for the treatment of melancholin and
epilepsy.*

The usefulness of hent application is a matter of experience, und
is prevalent in folk and even scientific medicine to-day. Most of
the practices are mixed with superstition, in whiclh no doubt the
encient venerstion of tho mystery of fire has a prominent part. The
Thonga of Poringuese South Africa illustrate o widespread eustom
in Africa and appearing elsewhers.

“A third practice, quite ss old ss the foregoing, is the tlhems or
cattery.. may be done with & packet of roots which are hested
and tpp!iad to the part affected, But, sy & gmt-rnl rily, cautery is
done with the foot. This is, undoubtedly, a curious proceeding.
Kokolo gave mo a detailed deseription of it: A hoe is made red-hot,

"0 WL The Wanderiz of Tirves, ch. 40, 1558, p. 318,

¥ laformublen by Capt, K. P. Hereosteen.  In the Ray report o the Eakino of Polut Harrow, ith Azn
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-#n obliging individual lends his foot. a foot which has rarely besn
inesssd in a shoo and possesses a sole with a skin like leather. This
nutural =ole is rubbed witl the leaves of a plunt called shungwe.
which hus been chewed and mixed in the palm of the hand with
wulive and grense, For thesame purpose Mankhelu employed o fat
vompirising, nmong other ingredients, the following drugs: Hlamplura
and Nwambula-wamitwa. Then the kindly operstor places his foot
on the red-hot hoe and, with a quick movement, plants it on the spat
to be cauterized; the patient being hardly able to bear the contact.
As for the owner of the foot, the horny sole seems so thick that he
feels no pain at all.  This is the remedy for the shitjebe blood, prob-
ably. pleurigy.”*

The Cherokee Indians had o hoat cure for toothache. The doctor
warms his thumb and presses it on the tooth, or he blows smoke from
a pipe pressed direstly against the tooth.®

Tha most widely distributed of fire customs is the moxa or eschar
used for various ills.  Beverly quaintly recounts the practice among
the Virginis Indiuns:

“Op thepart * * *  little sticks of lightwood, the coal of which
will burn like & hot iron, the sharp point of Lhis they run inlo the
flesh, and having made a sore, keep this running till the humor be
drawn off. Or olse they take punck (which is s sort of soft touch-
wood, vot out from the knots of onk or hickory trees, but the hickors
affords the best), this they shape like o cone (as the Japanese do their
moxa for the gout) and apply the basis of it to the place aifected.
They then set fire to it, letiing it burn out upon the part, which
minkes a running sore effectually.’ =

The Makah Indians of Cape Flattery, Washington, treat rhouma-
tismn by Leking o red-hot iron or stick or wisp of cedar bark and burn-
ing holes in the fleah. Cautery is the gront remedy for all mternal
complaints, and serves the dodble purpose of Llisters und bleeding. "

The Salish of Puget Sound malke vse of the moxa, Mr, Eells spw
& Clallam with n dozen sores on him produced in this way.®

Tha Mapuche Indians of Avancanis, South Amerios, prepared halls
of dried pith which were lighted and pressed on the skin.

The ornamental arrangement of moxn scars has been observed on
the bodies of Buddhist priests and among othoer natives of Lhe Far Enst.
In the Philippines Lognzpi in 1578 "'gave such arders ns seamed fit-
ting for the government of those provinces which are vommonly
called the Bisoyns do low Pintados boeanse the natives have their
bodies mavked with fire.® This form of tattoong is rare, the dion-

" T, A, Jumed, TH;IJ:HIEMEI Afrin “Trfbe, wol. %, p. 43T, Neaczl, 1000,

o) ames Moumey, B Tormules of the Chiesrile, T Amn Hepk, Pine, Aswe, Bl | 6], g 550
W Baverhy's History o Vingnt, 55, 7. 17, ¢
w0 Bean.  The Todiaes of Owpe Finttery, Bmilih Conlr. Kool Noo 20 ek, p. &,

& A pereriean A mtbpuarbas, vel. 9, beEd, b0

e Morga.  Bimery of the Mhilipplaeg Maktoyt Sodety, Lagdon, 1585, p, 19,
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trices heing usually formed by other means. The first sickness which
s Chiness child has, moxa is appliod to the erown of the head, 7

Reganding fire in religious ceromonies, Buddhist novitiates aro
ndmitted to the priesthood by having their heads burned in the pre-
saribed way by the moxa.**

In Korea the priests use a three-prong taper made hy twisting soft
paper in the form of a cross for burning the skin in self-punishment.
Specimens of thess rure tapors are in the United Statea National
Museum.

In Japan moxs was in common use snd applied corcmonially,

Wood remarks that the Unyoro Tribe of Africa hold the setual
eautery in great favor as 4 mothod of cure. Many nativés are cov-
ered with spots from the sppliestion of & red-hot iron.*

Some other customs of fire healing may be mentioned.. The Mex-
jonns cure mosquito bites by holding n coal of firs near the bite,*

The Porto Ricans make chiggers "hack out” by holding u lighted
cigarette or coal of fire to the roar of the insect.™

WAR

Fire as a war sgency has an extended history. Its development
has been tremendous with the ndvancement of science. It enters now
in many ways for the killing of men. Theearly methods reflects the
erudity of the stages of man's developement in the arts and industries
and are found in vse smong varions tribes. Thesa vary [rom direct
atinck to strategic burnings, the hurling of heated missiles, pitch,
oil, snd lead. A mathod of sttack widely known was by fire arrows,
an extension probably of an earlier throwing of firebrands.” The Wa
Chaga of the Mount Kilimna-Njaro region, British East Africa, used
fire arrows as an incendinry weapons.® The Lacandones of Chiapas,
Maxico, threw lighted fagots into the enemy’s eamp and in the confu-
sion made reprisals,

The North American Indians generally shot fire arrows whon their
use was practicable. They also made a hurling wespon not hereto-
fore described, which consisted of a heavy wood missile with bulbous
head amd flaxible shaft, capable of being thrown s long distance and
having o direot; stomly flight, The head of the wospon was bound
with an inflammable material gnd the missile thrown. This wenpon is
more effective than the arrow and more primitive. Specimens from
the southern Plains tribes are in the United States Nations]l Museum.

@ Intarmation by W, W, Reckhill,

S Dooglest,  Eitory of Chine, g0,

w30, Wool. Nstuml History of Maskind, N0, vol. L, . 995
™ Intarmetiss by De. Ales Hrilllsks.

" Frliermtion by Ty, £ T dedge

I Demeeenlt. Wi ‘Tribes, 1274, vol L p. 697,

o Tatermation by M Fresch dhaklom.,
WL T Hamerolt.  WIk] Tribed, 174, vl 1 . 099,
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Among the rare combats engaged in by the Hopi Pusblo Tndians
was the destruction of Awatobi in 1700, The attackers here, know-
ing that most of the warriors and importaut men would be holding
a ceremony in an undorground room, entered by s hatchway, thraw
down into this reom lighted wood and red peppers, with the complete
results anticipated.®

FIRE ALARMSB AND PREVENTION

Naturally in the ages during which man has been in elose compan-
ionship with fire some methods of protection and provention would
be invented. The benefits and disadvantages of fire are sel against
each other here, From the first times to now fire has played the pars
of a destroyer, and while man has bewailed his loss and described it
in money and other terms, no one has snid anything swgainst fire.
This psyehology is so implanted that fire hus never been subject to
radical doctrines.

There are many signals and alarms to announce conflagrations, and
traces of organizations to fight fires, showing early cooperations.
Methods of placing buildings also sud eharacter of structures have
doveloped. Architecture iteelf has been influsnced by needs of fire
prevention.

The Orokos of Yeazo, Japan, have n fire alurm counsisting of two
amall oval pieces of wood on the same principlo as castanets, which
are clupped together to announce fire.™

“Eych hut generully has s small plot of land toitself. This is dono
a8 u protection against fire, of which the Ainu are very much afraid.
In fact, the Japaness affirm that the Ainu fear s fire and the fire god-
dess s0 much that if & house once takes fire they will not even attempt
either to extinguish it or ssve any of their property. They will not
be so foulish s to rob the fire goddess of that which she desires to
have. This, however, the Ainu deny. The Japunese have made s
mistake, and the fact is that when an Aisu hut once oatehes fire there
is no time to save anything, for the thateh naturally burns very rap-
idly indeed.

*T haveseen two huts on fire, and they were both burnt down in less.
than 15 minutes. In one case s fow things were saved, but in the
other the household only managei to save thomselves and the clothes:
they lhad on. The Ainu are not so senseless as to attempt the
impossible—that Is, to put oul the flames of o burning hut—but
they do all they can to save their treasures, especially Uheir hoir-
looins, and to provent the fice from spreading. The Ainu eall or
alarm of fire is & shrill, weird, unearthly noise, somewhst resembling

-I._Flﬂu Tewker, Awslobll An Ambsologiend Vertfostion of s Tusan Traditlon, Amer An-
Atirog., ol 8, Cbuber, L8, p. 38

= Edwwrd Orery. The Nesr Wenkippen of Veasn, Boates, pans, p. 240,
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the note of the screech owl, and can be heand for n great distance.
The women ean best utter the seresm; the men generally call out
i wﬁm"[i)l "

The problem smong uncivilized tribes relsting to saving the food
supply from fire no doubt in part has had much to do with the
storing of such supplies in caclies in the earth or plastersd graner-
s, In civilisation, where cities may be enormous aggregations of
mflamnmable material, structures like the Chinese godowns appear.
The contest, however, between fire and fireproaf structures is main-
tained to this dey with doubtful results.

A vurious regulation, evidently intended to prevent fires by insur-
ing precautions on the part of houssholders, is found wmong the Kha
Tuhoi of Laos:

“In ense of Lhe partisl or complete burning of & village the owner
of the house where the fire took place must psy two buffalo (one
white and one hlaek). The sacrifice of their buffals, whick lasts
three days, is preceded by asucrifice of chickens, which equally lasts
three days, It was then six days during which the village is Fhalam,
At the same time, if n pnssing stranger is in the house where the fire
starts he 1= compelled to pay the fine of two buffalo.” *

TIME BY LIGHT AND FIRE

Somewhere in the course of man's sequuintance with fire, presum-
ably quite late in the growth of idess, time was nssociated with light
and fire, Using nntursl light there is noted the sundial, which has
great antiquity, and back of this crude gnomons of fimitod uses and
valoe. It is not likely that how long a pisce of wood or a fire burned
was within the consciousness of early man, as manifestly the ides
was of no consequence in his rude life. There must be taken to
expluin this topic methods that have a primitive cast found smong
various peoples. A full and imeresting noconnt of the messure of
gross time by fire 1s given by Bartram, who observed the eustom
among the Attasses Indians of Muskhogean stock in Alabama,

""Bundles of dry cane are hroken in pieces to about the length of
2 fieet, nnd then placed obliquely crossways tpon one another on
the floor, forming & spirsl cirele round about the great center pillar,
rvising toa foot or 18 inches in height from the ground; snd this cirels
spreading as it procésds round and round, often repeated from right
to left, every rovolution inereases the diamoter, and st lenth extends
to the distance of 10 or 12 feet from the center, more or less, acoord-
mg to the length of time the assembly or mesting is to continue. By
the timo these preparations are accomplished it is night, and the

FRav. Johu Dakshelor. Ao of fapan, New York, 108,
BA Dopley. Lo 0 Tuhol, Boli foe, Etheegr, de Parts, neer ser. wol. L D4, 4T,
102837 —20——7
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sssembly have taken their sestsin order. The exterior extremity or
outer end of the spival circls takes fire and immediately rises into a
bright flame (but how this is effected I did not plainly apprehend; |
gaw no porson set fire to it; there might have been fire loft on the
sirth; however, I neither saw or smaelt fire or smoke until the hlaze
instantly aseanded upwards), which gradually and slowly eroeps round
the center pillow with the course of the sun, feeding on the dry canes,
and affords s cheerful, gentle, and suffivient light until the eircle is
consumed, when the eouncil breaks up.'' #

Other tribes of southern Indians observed this eustom, which is-m
advanee of the practices of any of the tribes of the Esstern Hemisphere
so far #s noted ®

FIRE MAKING BY ARTIFICIAL MEANS

The presumed systematic order of the processes by which fire ia
gotten artificially is shown in n synoptic series exhibited in the
United Stntes National Museum. This series patently assembles a
number of devices esch having an independent history, and therefore
ean only bo regarded as suggestive of the order of developmuent bused
on the grade of inventive ability expressed in their structure and
function. The series is deseribed as follows: _

1. Voleano in aotion. Lava satting fire to forest (pl. 27, fig. 1).

2. Lightning setting o forest on firs (pl 27, fig. 2).

3. Camp fire. Man barrowing fire (pl. 27, fig. 3).

4. Fire saw. Strip of bamboo drawn scross u seotion of bamboo,
Dyaks of Borneo and other Malays,

5. Fire thong. Ratten thong drawn over a grooved piece of wood.
Dyaks of Barneo,

6. Fire plow. Blunt stick worked along & groove in 4 lower stick.
Polynesians. [

7. Fire drill. Slender rod twirled between the hands upon s lower
gtick having » eavity with slot. Indians of the United States and
widoly diffused in the world. _

8. Eﬁrn drill. Rod held in s socket and gyrated by means of a
cord. The lower piece of wood has s eavity with slot, opening upon
ashelf. Eskimo of Alaska,

9, Firo drill, Rod held in & socket end gymted with a bow and
cord. Lower piees with cavities on & central groove. Hskimo of
Alsskn,

10, Firednll. Pump drill used specially for ssered fire. Irogquois
Indians, Canada. _ '

11. Strike-s-light. Flint and iron pyrites struck together as the
ordinary flint and steel. Eskimo of Alaska.

“ fobn Bartram's Travels Dabling (998, pp, Mi-400.  Tha lighting of the Ses wiieh myplited Darinim
wist frovm Uhe fee Storied ooy thi couss!] huss, sestionsd na . 31,

® Eop pager on Ade subject in Aer, Azthrop., vol &, A pedl, 120,
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12, Strike-a-light, Flint and steel and box for holding flint, steel,
und tinder. Sulphur-tipped splint ignited from the tinder. Englend.

13, Strike-n-light. Bamboo tube und striker of pottery, nsed as
flint and steel. Two boxes for tinder. Malay.

14. Tinder pistal. Gunlock sdapted for throwing spau ks into tin-
dér.  England.

13, Smke-b!:ght Combination of flint, steel, tinder, aud extin-
guishor, for carrying in the pocket. Spain.

16. Fire syringe. Crlinder with closely fitting piston bearing tin-
der. Driving the piston down smartiy kindles the tinder. Siamess
and Malays.

17. Lens, Used for producing fire by focussing sunlight upon tin-
der, Ancient Greeks.

18, Hydrogen lamp. Hydrogen gus is made lo play upon spongy
platinum, causing il to glow, Germany, 1824,

19. Matoh-light box. Bottle of sulphurie weid, into which splints
tipped with potassium chlorate and sugar were dipped.  Vienna, 1809,

20, Matches, Various kinds of phosphoris matohes,

21. Electric gaslightor. Cylinder containing o small dgnnmn rmm
by pressure of the finger, producing sparks between the points at the
upper end of the tube, United States, 1852.

Ou the physical side the following moans have been employed for
gotting fire, namely, 1, muscular energy is converted into hest by
friction ‘and srrest of motion, &s in the drill and flint and steal;
2, the energy of Lhe concentration of heat rays by the lens und con-
eave mirror; 3, the energy of the compression and ocelusion of gases,
aa in the serophore and hydrogen lamps; 4, the energy of chemicsl
eambination, as in matches, pyrophores, sodinm, ete; snd &, the en-
ergy of electrical force, ns the sparking apparstus, The sucessive
methods form s series eoincident with the order of man’s adaptation
and utilization of the forces of nature.

ETHROGRAPHY OF THE FIRE DRILL
ANTTENT

There are sncient references to the fire drill which ure of some
interesi. As these ocour in the period of sdvanced civilization, their
beuring on tho early stages of the inventioh is not particularly im-
portant. [ndesd, the earliest references show only the record of =
survival from an indefinite time, perhaps very ancient, but showing
no more Lhan the practice of ‘& savage tribe as at the present. Un-
questionably the invention is very ancient and in a stage of society
when writing was unknown, though archeological evidence is not
fortheoming to place the invention in any of the past human porieds.
The evidenos of the complexity of the probloms involved in the in-
venition rather than the dizcovery of the art of making fire with a
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Arill may not allow: placing of the period farther huck that the Neo-
lithie, thus sssignitg previous periods to the stage of preservation of
fire. Biblioal relerences may be found in Ezeldel XIX: *And n fire
i= gone out of s rod of her branches which hss devoured her fruit,”
may ufford ground for supposing that the Jows were nequainted with
fire making with the drill.  Tn Ezckiel XXT & more distinot referonce
is given: “The King of Babylon will take his station st the cross
road, where an old rond branches off in two directions, to have re-
course to divination to kindle fire with the staff and to interrogale
images.” 1t is known the Akkadians made fire by revolving two
pioces of wood® The cuneiform charncter for the Assyrinn fire god,
Gibil, “reed fire,” is a fire drill. Thecord drill was in use in Homerie
fimes™ In the tool basket of an ancient Egyptisn carpenter of
Thelyes were found drill bows and the nut or sockel of wood in which
it was worked, Pietures of such & drill are found on tombs of the
IV and V dynasty.*® Tt is probable that the Egyptians made fire
with this device, In the Settle eave in Yorkshire, England, objects
supposed to be drill-cord handles were found, These refer to the
Neolithic and Roman period.™

In the course of the profound advancement of Europe in civiliza-
tion the aneient methods of producing fire by wood friction long since
passed out of practice, Only ns oult survivals and occasionally for
privetival nonds did this primitive urt remain to indicate its former
prevalence in Enrope. Students of folklore hnve collocted many of
these, und Frazer's Golden Bough recites a number of mstances.

ln 1802 the writer collbotod from Henry Walther, an employes of
the Smitheonian Tustitution born in Enst Prussia, in- territory form-
wrly belonging o Poland, s lirst-land relation of this mothod of muk-
ing fire about the yesr 1825, Mr. Walther rolated that the bove, wlio
wero on watel in the fields whils the potato crop was being gathered,
would sometimes make & fire by wood [riction. Two stakes were
fastened in the ground and a spindle pivoted between them horizon-
tally, A conl was passed ovar the spindle and. the litter ravolvidd
smartly and after a short time the tinder hold st one of the hearings
would ignite. The wood used was dry willow. The operation was
not performed us a spork or from curiosity, but as a necessity, sinoe
the flint and stee! must needs remain in Lthe kitchen,

The sawe apparatus was used in Essen in Hanover in 1828 to pro-
duee the alarm fire. In the BSwiss Cantons this anciont method is

o W, B Otsd Musawen. Trwms Soe BIbL Arch., vl 8, IS, 1, 270
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still known, and & specimen of 1he spparatus is shown in the Neunf-
chatel Museum. [t can be traced in practically every country of
Europe. A deseription of 168 use in various purts of sestern Europs
wus published by Frederick Kunze ™

The havigontully worked deill is peculiar (6 Europe®

“The regin-naglar which stood in the pillars (high seat pillars of
early northern temples) may have been pegs wsed for ignition by
friction, pechaps for the sekindling of the perpetual five, which, in
view of certain oustoms existing in later times, may have heen ex-
tinguishoed onve n year., Or agein it may have been for the kindling
of the 'need firo," which was also perhaps conneeted with the cult of
Thor; ef. Adam of Bremen IV, 26; si postis uel faines imminet Thor
ydolo libutur. In later limes the spurks for thie kindling of the *need
fire” were sometimes oblained by twisting a wooden peg round in an
onkoni post (ef. Grimm, Deutohn Mytliologie, vol. 1, p. 502)."

As the swarming place of nations; it sppears natural that every
fire-making deviea known to man should be found in Asia. The
vortionlly worked drill, however, is the characteristic implement for
the great part of the continent.

NORTHERN LALL

West of Bering Strait the Siberian Eskimos use the muchine with
vertical drill called the how drill, as do the Alsskan Eskimo, The
Chukehiz, who live in northeastern Siberin botween the Anadyr
River and the Aretic Ocean, also use the bow drill (pl. 28, fig. 1).

Nordenskijold savs:

Y Fire is lighted partly in the way conimon in Sweden some deeades
ago by medns of Qint and steul, partly by means of a drill implement.
In the Tormer vase the steol generally consists of o piece of u file or
some othier old steel tool, or of pieces of iron or steel which have
been especially forged for the purpose. * * % The flint consisls
of & besutiful chalesdony or agate, which has béen formed -in onv-
ities it the voleanic rocks which oceur so abundantly in northenstern
Agia, and which are probably also found here and there as pebbles
in the beds of the tundra nivers.  As tinder are nsed partly the
woolly hair of various nnimals, partly dry fregments of differenit
kinds of plants. The steel and o large number of pioces of flint are
kept in a skin pouch suspendod from the neck. Within this pouch
there is a smaller one containing the tinder. It 1 thus kept warm
by the heat of the body, snd protected {rom the wet by ite doublo
envelope. The other sort of fire implement vonaista of ndey wooden

S peerwal Arshis §, Ethmogr. Labden, vol 1, 100, . 81
o e D Frimiioh #, K romie M‘u.h‘;lntlhmiwﬂm AT lekemn, wil 05, 18], g 30T
& 10 M. Chidwiit, Jour: Rey. Anthoop, Tost., val, 0. w v, vol, 1, 1050, pp. 35-2=
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pin, which by a common bow drill is made Lo rub ugsinst & block of
dry, balf blackened wood. The upper part of this pin runs in a drill
bloek of wood or bone.  In the light-stock holes have been made lo
give support to the pin, and perhaps to fecilitate the formation of
the hall earbonized wood meal which the drilling loosens from the
light-stock and in which the red heat nrises. When fire is to be
lighted by means of this implement one foot holds the light-stock
firsl @gninst the ground, the bowstring is put arovnd the drill pin,
the left hand presses the pin with the drill block against the light-
gtock, and the bow is earried backwards snd forwards, oot very
rapidly, but evenly, steadily, and uninterruptedly, until fire appears,
A couple of minutes are generally required to complete the process,
The women nppear to be more secustomed than the men to the uas
of this implement, An improved form of it consisted of & wooden
pin on whose lower part » lense-formed and perforated block of wood
was fixed. This block served as flywheel and weight. Aeross the
wooden pin ran a perforated crossbar which was fastened with twa
ginows 10 its upper end. By carrying this crossbar backwards and
forwards the pin could be twined round with great rupidity. The
implement appears to me the more remarkabls asit shows u new
winy of using the stono or brick lenses which are often found in
graves ar old liouse sites from the Stone Age. '™

Among the Tuski of Siberia the women light the fire with Lhe drill,
& custom which is at variance with that of most peoplss, The refer-
ence of fire making to man is nlmost universul.

“A piece of flat board has & number of small holes made in it,
into one of which one end of s pointed stick is placed, the other ex-
trimity fitting into & sort of breastplate put on by the woman offi-
cinting, who with & bow works the stick to and fro rapidily, just as
in drilling a hole, In about 10 minutes; under favorable circumstan-
ces, she sucoeeds in detaching burning fibers of the wood; these are
hastily put into & handful of dried grass, which envelopes them, and
by rapid motion through the air kindles into flames. This is & most
laborious operation.*

The Eoryaks live south of the Chukohis, between the Anadyr
River and the central part of the Peninsula of Kamehatkn, In her
compilstion of the work of various Sibarian explorens Miss Czaplicks
deseribes the sacred imploments [or fire making used by the Koryake
aml the customs conneeted therewith.

“The Koryak ‘guardians’ and 'charms’ serve as protectors to indi-
viduals, families, or villages, whoreas such greater supernatural beings

s aomlemiull, Vepagr of ths Vegs, val % 168, pp. (a0,
W, 1. Oooper, Tenle of the Tuski, New Yook, 169, p. 157,
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as The Master on High, Dig Raven, and the malevolent kalau are
deitiea or spirita of the entire tribe, excepting those kalsu that
serve individunl shamans, ‘Guoardians' form s class of abjects that
avert ovil from men. Those about which Jochelson was able to
obtain information: inelude the suered implaments for fire making,
which comprise a fireboard (giegic or goegai), & bow (eyet), & wooden
drill (maxem, ‘arrow,’) and a headpioco of stone or bane (ceneyma).

“The fireboard is of dry aspen wood, which ignites essily, and has
holes in it for receiving the dnll. 1t isshaped roughly to resemblen
humsan: being. Ths consecration of a new fireboard to the office of
protactor of the hearth and herd is accompanied with the sacrificing
of & reindeer to *“The Master on High,' the anointing of the fireboard
with the sacrificial blood and fat, and the pronouncing of an incan-
tation over it. It would thus appear, Jochelson thinks, that the
power to direck some vaguuly concelved vital prineiple residing in s
erude insnimate objecl to an pctivity beneficial to man lies in the
neantstion pronounced over it,

"“The headpiece has a hollow socket, which is placed upon the thin
upper end of the drill. *The headpiece is held by one person, the
baard by another, while the bow is turned by a third person,’ the
drill rotating on its thick lower end in one of the holes of the fire-
bourd. The chareoal dust produced by drilling is collected in a
smull lenthern bag, for it is considered & sin to scatter this dust.'™

That the bow drill was in general use in Siberia is shown by the
quotations presentod and the following by Bush:

“The netives (Koraks, Lamuts, Tungus) on the west shore of
Oldliotsh Sea use agates as fiints, tinder from the fungi of the birch
boiled in lye, in fire making, They also nge the fire drill.  Sulphur
is woll kmown, snd esch one wenrs suspended to his tinder bag a
small bone or wooden basin of it, in which to put the tinder when
lit and by blowing create s blaze,)' ™

JAFLN

The Ained of Yezo commeonly use the simple two-stick drill, but it
is recorded that they also had the bow drill, in common with the
Siberians.™

50 [ar a5 can be ascertained by the writer the bow drill was not
known to the Japanese. Singularly, it appears not to be included
among the tools belonging to any of the arts of Japan. The simpla
drill, however, i the common tool. The primitive fire drill survives
oﬂljr in sacred usages. *The fire drill used at the Shinto temples
of Ise is far more complicated in construction, and certainly repre-

B A Cexplickn. Aboriginal Siberis. A stady In totis) Ambpopology, Oond, TR, Dp. 25-208.
" Bush.  Relndes, Toge, mad Bnowebom, Mew York, 1971, p, B0
M B, Doagles Howand.  Lifs wiih ‘Truse-Silerisa Esvages, Neow ¥ark, 190, p. &L
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sents n much more advanced stage of mechanioal knowledge than
the Kitzuk: fire drill indicates.'" #

Tho Koreans know the mettiod of making fire by wond Imction,
but it is not practiced nt present.™

The Taivals of Formosa employed the pump dnll for producing
fire used in ceremony. The fire saw and hand drill are wso found

lurre,
=1 Y

Ivis difficult in the older civilizations, as China, to trace the use
of the fire drill or other fire-making apparatus except the moden
Rint and steel. It is probsble that there exist historical references
and oven survivals of religions custom which woull show somo
method of making fire with wood friction, ss in India. Dr. Berthold
Laufer has brillinntly covered the ground as to the use of lenses in
Ching.™

1Y

The simple two-stick drill is found in vavious parts of Indis among
the less-udvanced tribes. The method of working is identicul with
that found in other countries. The sacred drill 13 worked by a cord
as the European, but vertically instead of horizontally. Moor, Hindu
Pantheon, 214, says that s bow was used. He states that the wood
for the drill was Adenanthera aculeatn or Prosopis aculeata. 1 these
could not be procured the Pipala, resemblng our poplar, was em-
ployed. An sncient reference to this drill is foumd in Milinds panlis,
the questions of King Milinds. This Milinda punhs dates probably
from the early part of our ers, and is still famous in northern Bud-
dhist countries. Referring to the question of the gradual formation
of qualities, Nagarens uses the following illustration: “Suppose, O
King, there wers no fire-stick apparatus, no twirling stick, and no
cord for the twirling stick, and no matrix, and no burnt rag for tinder,
and no human effort and exertion, eould there be fire by stirition "
Aguin, he says: “Suppose, O King, there were no burning glass, and
E:e I;ﬂ‘; of the sun, and no dried cow dung for tinder, could there be

The Veddas of Ceylon illustrate with what facility the lowesi of
mankind produce firo when it is neoded: ]

“One of them took his arrow, brake il into two pieces, sharpened
the one like & penell and made & hole in the other to receive ita point ;
then placing the latter on the ground and helding it down firmly with
his toes, he whirled the pointed one round in the hole, rolling it rapidly
between the pslms of his haods. In & few moments it began to

M Laboaitle e, The Mast Aaient Slirine b= Iapen. Athasile Momhly, Docember, 1001, fostugin,
s, . , T y
W From Pam K. Soh.

B Opival Lomaet L Naelep-demee 4 O b sad Wik, T onmg-pso, vol W My 014 B, Leign:
WP, W, Rbys Davide, Saemd Books of U Bust, vol 55, 582, 1, 88, i



FIHE AS AN AUEST IF¥ HUMAN CULTURE 91

smoke, & little charconl thea foll in powder, and presently s spark
jumped out, kindled the charcoal dust, and the eml was socom-
P]M-Il 7T

MITETEL

While in Malaysis there is the greatest profiferation of fire-making
methods, the simple drill is in the hands of those tribes lowest in the
seale of culture,

The Dyak are said by Wood to drill down onte & groove eut in the
under sido of the block of wood technicully called the hearth, U
this observation is correet this method appears to connect with the
sawing methods.™

The North Borneans also #s one of their methods use the plam
hund drill™

Muarsden observed the vse of the drill in Sumatra.™

The Nias islanders used u cond drill and also had the pump drill.®

Doctor Plevte has mado an interesting study of fire-making appa-
ratus in Indonesia, to which attention is enlled,™

ATFTH LLLY

Cuptain Cook observed that the Australinns used the simple fire
drill like the Sitkans® This obsarvation, although based on quite
incomplete knowledge of Australisn aboriginal methods st the time, is
generully true.  Another method has besnintroduced, however, from
ocesnie peoples and will be noted under plow. A strikingly primitive
ueo of the drill is noted by R. Brough Smyth:

“Mr. Hobert Hugham snys that the aborigined of Burnott, New
South Wales; get fire in the following manner: They eot with the
haichet a hole in o dry fallen trea, They fill this hole with part of
the dry ripe head of the flower stalk of the Xanthorrhoes, well
powdered batween the hands, and then wurn the stem head downward
into the hole and twirl it.  In a few seconds they get firo.®

The Tasmanians were supposed to be an example of o fireless people.
“ Agaitist this opinion we have abundant evidence that they did
know hew 1o produce artificial flame, * * = The natives got two
pieces of gras—tree stems, the smaller of which hal s holein it, Some
soft down of the inner bark of trees ealled bull’s-wool was mixed with
powdered charcoal and placad in the hole.  Friction with the other
stick ignited the mixture, and fame was the result. '™

=), K. Tempat,  Caybon, o, Looden, (6, wil T, 7. 4

W30 Woods The Nutarsl ity of Mas, vel. % 1870, p. 502

B ), N, Semekelibey’,  Bamen. Astheop, (et vl 00 LSoh, . A Fage that Gbe et be osed by the
Sfndayy, Dysks, Dossmn, Bajours, Cagagana, Rules, Murnb, Do, sk,

= William Mamsden, Sumutre, Logdin, 1801, p. 6

* Mottighast U Viegries Niax, pp. 359, 557.
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AU

Africa is a continent in which the simple drill is xlmost exclusively
employed in fire making. Except on the Mediterreancan frings,
there is no rudimentary machinery for sctuating the deill. With
some degree of probability the Egyptinns are supposed to have used
the bow drill for making fire. In the Egyptian Sudan the natives
are said to mount the drill in a frame and revolve it by means of a
wheel and crank. No information can be procured as to this doviee,
but if true this method is unique in the history of the dell. The
Bushman description of fire making from & tree is applicable to all
Africa:

“The tree’s nume was | n'su- [ kumm; und (ho had) two sticks;
the fire stick (that is, the one which he held in his hands) was lang,
small, and long like & reed, The other (fire) stick Iny on' the ground;
for he had laid (it) the other stick upon grass; he rubbed fire, the
fire fell upon the grass; and he took up the fire (that is, the grass);
he blew the fire, "' %

The following extract from the admirable work of H. A. Junod ro-
lates to fire making and fire customs among tribes of southern Bantu:

““As regards fire (ndjilo, mu-mi), the Honwens knew it already be-
fore the fifteenth or sixteenth eentury:. The tradition of Sholki-
shahumba’shows that among the Hlengwe there was n time when food
was not cooked.

" There are four trees usod to produce fire by friction (teika): 1.
Tha bulolo, & kind of hibiscus growing in Lhe estusry of the Nkomati,
in the region regularly watered by the tide, is the best nisiko or
wooden flint. It is a very light and soft wood snd is still used néar
the conat, though matches are now to be found everywhere, 2.
The mpahala (mu-mi), a bush of the Compositae family, whose wood
i very hard and used to make handles for hoes. Tt grows all over
Thongaland, in the plain as well us in the mountainous regions.
3. The nkewa (mu-mi), the large wild fig tree, which covers the banks
of the Nkomati and the Maputju Rivers, snd is common in the
lowlunds. 4. The ntjopla (mu-mi), the wild custard tros, employed
to light the sacred fire of nyokwekulu {vol. 1, p-364). 1t istaboo to
us# it for ordinary purposes, or W warm oneselfl at ita embers.
Medicine men only are allowed to make ntjopfa fire, having drugs to
prevent the disoase caused by its use.

" Dealing with firo taboos; I may add that jvis taboo to use hranches
of a tree: which has been struck by lightning; taboo also to kesp
alight the fire of & decensed person ufter the conclusion of the great

* Bpsoimesy of Rushmmen Folkions. umww.n.t.nu.mn.mhu.uqi. Edita
by the dutter.  Landon ML, g 413, suls, whish b & tenmilation of | Kun e For Hastrtion of thess
abicky m MY Qlote Detwein pugte 430 sod G
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mourning. It mnst be ritually extinguished, the idea being that it
participates in the general contamination of desth (vol, 1, p, 185).

“Gungunynne used to levy a tax on fire. Ha ordered ull the fires

of his kingdom to be extinguished at a certain time, and sent mye-

to relight them by means of embers procured from the roval
kraal. Each village had to pay a tax for the new fire. It seems
thut this kind of royal right was exercised in the old times by the
famons Monomotsps king. Nothing of the kind is met with smongst
the more modest Thongn chiefs.

“The manner of producing fire with the wooden flint is as follows;
A dry branch of the tres is secured, from half an inch to an inch
thick, and ecut into two picces, each of about 18 inches in length;
one half is called the wife (nsati), tho other half the husband (nuna).
The first pioce; the female, is Inid on the ground and & notch ia mude
in it with » knifo; ths noteh is cut in two movements, first on the
upper part of the wood, secondly on the side of it, The male is then
somewhat rounded, inserted perpendicularly in the noteh, held firmly
between the palms of the bands and made to revolve by & rapid
motion of the hands rubbing it from top to bottam. The operator
having resched tlhe bottom of the male at once starts again from the
top; 8o the frictions [ollow each other immeodiately. The motion
widens the notoh in the female to such an extent that the male pen-
etrates and begins to burn it; the ashes find their way out by the
Isteral noteh; u little dry grass has been placed there and soon be-
gins to smolder.  An expert obtains fire after six or seven consecu-
tive friotions, especially when nsing bulolo,

** Embers are kept burning as much as possible the whole night on
the fireplace. Should they, however, have beon allowod to go out,
the mistress of the kitchen will send her daughter to the neighboring
hut or village to fotch a glowing cinder. This is ealled ‘ku wokn.'
The ember will bo carefully brought on a suln shell or vecssion-
allyin a big snail shell,” *

“Firs is kindled by the Bedouin when necessary by the cafnmon
method of rubbing one piece of wood against another. The Somal
call the process ‘muddiek.” One stick, sbout a foob long, is made
smooth to fit the hands conveniontly, and with a point at one end.
The other stick is nicked nearly completely around the ciroumference.
The nicked stick is hold on some smooth surface, as the sole of o shos,
and the pointed atick is twirled by beiug rubbed rapidly between
the palms of the hunds until wood dust falls down along the nick in
tho other stick. ‘T'his catches fire by friction.

‘T was shown several very dry-looking kinds of thorn trees which
supplied the best kinda of wood for this process.'' ™

WL A Fuood, “The Lite of 4 Bouth Atriean Tribe, vol. 3 fx X520, Negebmiel, 1001
WCalelen, Jows Anthep, Iset., Lesbs, (02 wul 28,5, 307,



4 BULLETIN 150, UNTIRD STATES NATIONAL MUSEUM

The following is the most datailed deseription of fire making from
uns abserver, and refers to the Akikuyu, Esst Alnea,

“ No tradition or explanation of the erigin of fire exists amongst the
Akikuyn, nor has it any place in social or religious ceremony. 1t is
produced in one way only, the by-friction hetween two picees of
wood, The implements for making it vary but slightly in pattern.

“The upper, or drill, stick (u-fin-di) in n straight rod like o lead
poneil, 13 inohies to 24 inches in lsogth and 1 ineh to 134§ inches in
divoumferonce. The lower end is convex. When using the longer
drill of 24 inches the palms of the hunds ard not applied more then
two-thirds of the way up. 1t may perhaps be well here to explain
that to obtain fire hy the friction betwesn two pieces of wood it is
essontial that one shall be hard und the other soft, of which the
hiarder shall be the drill.  Agsin, not any drill will do with any fire
stick. The texture of the wood of the one hans to bear & certain
relation to the texture of the wood of the other in order to produce
fire. The Akikuyu say in explanation that ‘one 13 the man and the
other is the woman.” The upper or drill stick (udin-di} may be made
of the wood of the following trees:

“Nisu-gu-o; inu-lin-di-ki; mu-gu-nmy; mu-ehu-gu; mo-gi-o; rusgu-ta
or kesgu-11' ( T veronia, species) | mircha-sn (veronia, species) | mi-lika
[ Voeronia, species).

"The lower or fire stick (je-ka) is made of an altogethir different
wopdl. It is of the pulverized tissues of Lhis stick that the tinder is
formed and graduslly brought to s glow by the friction of ths drill.

"It s oval in sections, 9 inches 1o 12144 inches long by 144 inches
to 216 inches in cireumference, flattensd ot ila lower aspeot, and
tapered to u point st sither extremity. On the upper surfuce of its
mmiddie third about half & dozen cavities, the size of half n pos, are
formed to receive the end of tho drill. The wall of each cavity is
mit down to its bottom at one point; and a tiny gutter muda to pro-
cead fromit. Down this gutter the pulverized woody fibor insonsi-
bly trickles as it osoapes from benesth the drill.  None of it remains
it the eavity of the fire stick. This lower Mock or fire stick may
b made of the wood of the following trees.

U Murinegn; mu-chu-gi; mu-i-goi-u; mu-tedd (1 peronia) ; mu-re-vii,

“To make fire two natives proceed us follows: One from his quiver
takes his drill and fire stick, From his scubbard he draws his sword.
They it on their heels opposite to one snother, The sword lies on
the grouml between them, its point directed lowards the mun about
to use the dell.  The assistant then firmly holds the fire stick trans-
versely aoross snid a little above the tip of the wenpon, and places a
smnll handful of dry, erumpled grass handy.

“ The firo mnker then rubs the palms of his hands and also the tip
of the drill on the dry ground, and drops a minute quantity of earth
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ito the chosen concavity on the fire stick. In this envity the con-
vex end of the drill is now placed. He then spplies the flattened
palms of his hands to the upper end of the drill, Proceeding quite
slowly, he causes the drll to rotate by moving the flattened palms
backwards wnd forwards against each other, st the same time stead-
ily pressing the drill downward into the cavity of the fire stick. As
the palms pass down the stick the speed of rotation is gradually
inoreased to the maximum.

“When the lower borders of the hands have arrived within 0
inches of the lire stick the third and little fingers of the left hund
are thrown around the dnll to retain it firmly in position, whilst the
right hand is rapidly thrown upwands to enable its third and little
fingers to grasp the upper end of the drill. By the right hand the
drill is now retained in position, whilst the left is relessed and
brought upwards oppesite to its fellow. The flexed fingers are now
extended and the flattened palms, again opposed to one another,
make snother journey down the length of the drill.

** As the drill rotates smoke appears, whilst the powdersd wood of
the fire stick, gradually dribbling down the gutter made in its side
leading from the cavity in which Lthe drill &= rotating, forms & little
mound on the sword blade. The particles forming the pile cohere,
but do not smoke or glow, When the mound his sttained to the
smount that would lie on s threepenny picee it is found by experi-
ence that a portion of il, the size of hall & pes, esn be blown up into
a salid red-hot ember. The man; therefore, having made his little
pile, leisurely picks up a few blades of dry grass, anto which he tilts
{rom the sword blade the little mound of colieront dust and incloses
it in the grass. He gently blows en it three or four times, whore-
upon the grass bursts into flamao.

“Thirty or forty seconds is the average time required to produce
the mass ready to blow up, A flame is fairly uniformly started in
three-quarters of s minute from the time of beginning to deill.  Thiy
statement & based on & number of observations enrefully made with
s stop wileh™™ (pl, 25, fig. 2).

WEIATEEN ODIMIEFUEAR

Itis cloar that in the Western Hemiapliers the wood lire drill is
universal. That no ather forms of wood friction apparatus huve
been introduced argues the unity of American culture and its long
continuunce without modification of extransous influences, Outside
of the northern wrea the fire drill has remained simple, without
mechunical additions,

W, 0, and  Kxikerina mu:n. With & Protuatorie Pesple: ‘lhl.litnnﬂhmntmum;
Landen, Wio ' |
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TamiM

The cord and the bow drill are used extensively by the whole
Eskimo race. The cord is prevalent in the area opposite the contact
points with Asis, and gradually diminishes above and below this
fosus. The cord drill requires the services of two mon, and the bow
drill is essily handled by an individual. Owing to the limited selec-
tion of good material for the drll, it would spem that a mechanical
maothod giving more power indicates s nocessity for the Eskimo
appliance, but the distribution of the cord and bow drill over the
north of Asia in regions whers excellent wood is sbundant weskens
this suggestion. It is neveriheless true thut the mechaniesl drill is
most useful in the sovironment of the Eskinio, Some of the Yukon
tribes and also the Chukehis know the use of the pump drill for
muking fire. Environmental conditions of ice und snow sra reflectad
in the form of the hearth of the fire drill, which is formed so. thst
the drill works on 4 central groove which takes the place of the slot
or it hus u step on which the dust falls. The surprising facility with
which the native makes use of his surroundings has been romurked
by many observers. For example: “Ho cul a stoul stick from a
neighboring lurch, and teking out the leather thong with which his
mooeeasing were tied, make a short bow and strung it. He then
searched for w piece of dry wood, and having found it, eut it into
ghape, sharpemed both ends, and twisted it onoe reund he bovw-
string; he then took a bit of fungus from his poekel and ‘put it
into a little hole which he made in another pices of dry wood with
the point of the knile. A third piece of dry wood wes fashionsd into
s handle for his deill,'™

On many parts of the Alaskan const mutches supersedad the fire
deill, and in some cases the art was lost. At Koniganok, Chagoin
Bay, Cape Nowenham, in 1918 and 1919, matches having given out,
the Fekimo woro forced to revive the fira drill, “two-man outfit” rph
20, fig. 1). They wssemblod the following perts: The fire drilly of
Populus balsamifera; oo shoe ka tuk"; the hearth, of drift spruce,
“ka nin"; a bearded seal thong, “a ghol lan tuk'; handles of bird
bone, “end dwellers,” “vi kog moautat'’; and with these and the
drill socket they gol the desired fira.®

Nolson hins worked out the drill earefully for the Norton Sound
Eskimo (Cat, Noa. 33, 186-178, TLS.N.M.), Ths name of the fire
drill is in Tnaleel, 0o joo gu fal; mouthpiecs, Unalest, na ghoo tuk,
Malomut, nulh erwhn; of the drill, Unaleet, 0o joo gu duk; of tha
tinder wood, Unalest, athl wk; of the bow, Unalest, or rhs low shuk,
Malemut, pish ik sin rik, Ths deill for boring is in Unaloot # guhn,
the drill bow, in Malemut, pef =¥, On one mouthpicen (003) two

LY Hind,  $apbantives bs Ealrndor, weli, Losdon, (85, p, 108,
W Imferemation Wiy T, B Riakla, Aresb, Alsks,
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FIRE MAKING WITH THE STRAR DRILL AND Pump DRiLL
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pigs" honds are carved, the artist having seen two of these crestures
ot St, Michanl's sevoral years hofore.

An exeellont account of the methods of fira making among the
Point Barrow Eskimo is givan in the Report of the Ray Expedition:

“The fint and steel is the most common method of procuring fire,
using for tinder the down of the seeds of plants, impregnated with
meslod powder or charcoal. Sonietimes two pieces of iron pyrites
are usod, and wo found the ancient fire drill in use among some of
the old, conservative men; the drill was a shaft of spruce 18 inches
long snd three-fourths of an inch in diameter, the lower end termi-
nating in & frustrum of a cono, the upper end made to fit thesocket of
a stono rest thst is held between the teeth; s hlock of hard wood
with o eavity in Lhe center is used as a friction block; s small quan-
tity of tinder is placed in the bottom of the esvity and the drill press-
od down by the mouth reat and turned rapidly with s small bow like &
joweler's bow. They are anxions to obtain malches, but they are
not considered s necessity, and will not buy them us » rule. Flints
are an sriicle of traffic, and are brought from Cape Lisburne and the
Romanzoff Mountains, there being none indigencous to this part of
the coast. They believe that the pyrites come down from heaven in
tho form of meteors, and they call it firestone for that reagon. '™

Fire making among the central Eskimo is performed with the bow
drill. A piece of ground willow serves for shaft and a piece of drift-
wood for hearth piece. Moss or the woollike hair of Eryophorum
gorves for tinder.®

Farthier eastward, in Gréenland, there is litile that is different from
the western Eskimo apparatus, the whole being one culture exhibitimg
only minor tribal and snvironmental phases. For o more extended
study of the Eskimo fire-meking spparatus see Fire-making Appars-
tus in the United States Nstionsl Musenm, ™

CANADL ANMD BOETHELM TWITED STATES

In some Athapsscan tribes and generally among the northern Al-
ganquinns the bow drill is employed in making fire. The apparatus
iz rude compared with that of the Eskimo. In only a low instances
i the bow drill found south of the Canadian boundary; as among
the northern Sioux and the Swe and Fox Indians, of Nebhraska.
From ihe latter & sacrved fire drill nsed by the medicine men in
procuring ritual fire was colleoted by Prol. Frederick Stare. The
Penobsvot Indians, who are also Algonquians, placed s band wheel
on the spindle of the bow drill (o guide the cord. The Iroquois of
Canada snd New York employed the pump drill for muking fire in
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ceremonies. A specimen made from well-seasoned shppery eln was
obtuinsd by J. N. B. Hewitt among the Onondagua on the Grand
River Reservation, Canada. The name is ' ye yen ta ka nye tha''
(ome rubs wood by which). This weighted drill is described by
Morgan,

“This is an Indian invention and of great antiquity, Its rudenesd
muy excite u smile in this dey of locifer matehes, but yet the stép
backward to the steel and flint is about the sume ps from the latfer
to the contrivance in question. Not knowing the use of metals
or of chemicals, it was the only method of creating fire known to
the red man. It consisted of an upright shaft about 4 feet in length
and an inch in diameter, with s small wheel set upon the lower
part to give it mementum. In a notch at the top of the shaft was
st n string sttached to a bow about three fect in length. The lower
point rested upon pieces of punk. When ready to use the string is
firsl coiled around the shaft by turning it with the hand. The bow
is then pulled downwards, thus uneoiling the string and revalving
the ahaft towards the left. By the momentumn given to the wheel
the string is sgain drawn up.  The bow is sgain pulled downwards,
recoiling it ns before.  This alternate revolution of the shaft is con-
tinued until sparks are emitted from the point, where it rests upon
the pisce of dry wood below, Sparks are produced in s few moments
of the intensity of the friction, and ignite the punk, which speedily
furnishes u fire™ ™ (pl. 20, fig. 2).

The simple drill was known by the Iroquoeis and served for ordi-
nary ocecasions,

The Tinne Indians on the Yukon River near Holy (ross Mission
cut a cleft in the lower end of the drill spindle in which they press
tinder. The rotation of the drill ia as usual, bot the tinder ignites
instead of the ground-off wood meal and rendors: the gotting of o
blaze somewhat casier and surer™

EASTERE A&Tr S TIEES F0fels 55

Roger Williams succinetly remarks that the Connecticut Indinns
strike fire oither with stones or sticks. John Smith says of the Vie-
ginia Indians:

“Their fire they kindle presently by chafing o drey pointed stick m
s holo of a little square piece of wood that firing itselfl will so fire
mosse, lewves, or any such like dry thing that will guickly buarn,'™

The Cherokees of North Carolinia made five with a drill of reed
like sn wrrow.  No traco of & pump drill occurs among these south-
ern Iroquois, giving rise (o the sssumption that this implement is of
modern introduction among the northern Iroquois, probably from

& Lywts Tl Mogan.  Laagus of fhe Drogias, Rochester, (53], pp. B33
= Tnformutiug by F. 1. Randolph, Reubile, Waals, 1598,
¥ Engliel Bcheborp Libonry, Mo )8, Capl I Smiith's Werks, p, 28
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their ineursions to the west coast, The Creeks have retained the
simpla dnll in coremony, as in the Green Corn Dance.  They dnll
out fire nt the junction of logs laid in form of & square cross. The
Seminoles of Flonds pursue the spme routine in making new fire,

Among the extinet Karankawa Indians of Texas fire making is
thus described by Dr. A. 5. Gatechot:

“Alter the hint was built s fire was made. Their fire sticks they
always carried with them and kept them carefully wrapped in several
layers of skins tied up with thongs and made into & neat packege;
they were thus kepl very dry, and us soon as the ocension for their
use was over they were immedistely wrapped up again snd laid away.
Thest sticks were two in number. Oneof them was held across the
knecs as the Indian squatted on the ground, and was about 2 feet long,
made of u close-grained, brownish-yellow wood (perhaps pecan) half
round m section, the flat face (held upward) about sn inoh across,
in which were three holes about half an inch in dinmeter and of squul
depth, the bottoms slightly concave. The three holes were equally
distant apart, about 2 jnches, and the first one was the same distance
from the end of the stick which rested upon the right knee. In one
of the holes was inserted the alightly rounded ond of & twirling stick
nbout 18 inches long, made of white, soft wood, somewhat less than
the diameter of the hole, s0 us to turn easily. Holding the twirler
(which was perfectly cylindrical) vertically betwesn the palms of the
hands, s gentle but rapid alternating rolary motion was imparted.
Mter continuing this for about five minutes the abrasions of thesofter
wood cansed w fime, impalpable dust to collect in the hole, from which
soon ssued n thin blue line of smoke: as soon as the Indian saw this
he quickly withdrew his twirler with one hand while with the other
he caught up and crushed a few vory dey laaves, proviously placed
on & dry eloth closa by (having bean produced from their wrapping,
in which they lad been carefully preservid lor this very purpose, to
serve as tinder), and very quickly but lightly sprinkled them in and
around the hole, over which hoth hands were then held protectingly, the
hend bent down and the ineipient fire fanned to s blaze with the
breath. Ay soon as the hluze had fairly caught the stick and tinder
were deftly turned over upon & Littls pile of dry twigs and leaves,
and the fire was started.  Always porformed by men” ™

FLarsn

The wood friction method of fire making smong the Plains Indinns
had become slmost pntirely disused before observations eould be
made, Generully they were found in posession of the flint and steel
strike-a-light. The Comanches apparently were the last 1o give uj

o A Tbert Golschul. Tha Ksmakawa Jallons of Ters, Cambriden, (81, (- 130
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the firo sticks. The art, however, was extensivaly revivad among Lhe
Plains Indisns as ono of the features of the Ghost Dance religion.

The southweatern tribes were skillful in making fire with the sim-
ple fire drill. In muny csses thoy expedited the friction by intro-
ducing sand in the cavity in the hearth, For making fire in the New
Fire Ceremony tha Hopi used n unique hearth made of sandstons®

Cosmos Mindeleff saw & Navaho Indian on the San Juan River
near Farmington, New Mexico, make in five minutes a somplete fire
maker’s outfit from the stems of bee weed (Cleomie pungens). The
henrth or horizontal part is the stem broken off near the root, slightly
chamfered on the upper and the inner side. Four slight pita an top
receive the drill; these lot out into gutters down the inner side. The
operator put a pinch of fine gand in the cavity und piled up ssnd
ngainst the inner side of the hourth to receive the wood meal. The
sumo cavily is never used twice. Among the Shoshones the gestura
for fire is the rubbing of the palms,

Among the Apache-Yumas and Apache-Mohaves: A very small
fire suffices them, and they never waste wood by building lurge onss,
éven in winter or when wood is very sbundant. When cold one
warms himself by squatting down and wrapping his blankst around
him and the fire. ‘To kindle a fire thoy resorted to the fire drill be
fora the introduction of the flint and steu] and matches, but usually
proserved conls in the ashes to avoid the lsbor of drilling, ‘O-oh'te-
kwi-te," ‘Make the fire blazy," is the common expression still used
even when the fire is to be kindled by means of o muteh, A slow
torch made of dry deadwood was éarried in traveling. It enabled
them to muke fire or smoke signals, by mesns of which they counld
communicate with their friends wt plessure, ns well s to kindle a
fire ab their next stopping place. For a drill they use a pioce of the
stem of the ‘o-ol kad-je," or “firs stick bush,' nbout 2 feet long and
Hall an‘inch thick. They dip one end in the sand, then prossing it
in a shallow depression made in a piece of dry, soft wood, sueh as
the stalk of the yuses, which is laid on the ground and held by
the foot, whirl it betweon the hands. In a fow seconds the friction
produces a small quantity of very fine charcon], which when rolled

out on soma dry grass or bark fiber and given u light puff or twi,
bursts into n fInme."'!
WORTHWERT [(0asT

The northwest const Indisns used the simple firs drill and often
carved the hearth in the form of mythalogic beings. The apparatus
is'larger und more clumsy than ohserved elsewhero. '

=D ) Waller Fowkes, Jwtrn. Amer Falk-Lare, val 14, 100 g1, 194,
Litapiheg ©F, Peet. Awer. Antiquaimn, Cliesgs, bd, vel &, p. 14
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FACHID BLOFE

The Salishan tribes retained the wooden fire sticks until compara-
tively recently, They also were skillful in the preservation of fire,
and as & rule the fire sticks were bundled up with a braided cedar
bark slow matoh. Paul Kane gives an account of the Chinook fire

“Tire js obtsined by moans of a smull, flat piece of dry eedar, in
which p small hollow is eut with a chamnel for the ignited charcoal to
run over. This piecs the Indian sits on to hold it steady, while he
rapidily twirls & round stick of the same wood between the palms of
his hands with the point pressed into the hollow of the flst piece.
In a véry short time sparks begin to [all through the channel upon
finely frayed cedar bark placed underneath, which they soon ignite.
There is & grest knack in doing this, but those who are used to it
will light s fire in & very short time. The men carry these sticks
-about with them, and after they have once been used they produce
fire more gquickly."*

The Quinsielt Indians of Washington made fire by drilling. “With
this he lighted the ond of the braided slow malch of cedar bark.
This was often carried for weeks thus ignited and held carefully
beneath the blanket to proteet it from wind and rain,"*

Throughout Californis the method of making fire was uniform,
oni exumple sufficing: '

“Phe wood most used for fire muking is that of Baecheris douglosii,
A flat stick af this, s dry as possible, is obtained and & shallow hole
made in it, from which a small noteh is eut to the edge of the stick.
The drll, n short piece of wood with the lower end trimmed to fit
the hole, is then placed in it snd twirled rupidly between the palms
with a downward pressure. This causes a fine dust to be ground
from the stick. This dust runs out to one side through the notch;,
and if conditions are favorable after o time ignites, no tinder being
used. But if the wood is not thoroughly dry, or if the wiris moist,
it is excoedingly difficult to kindle a fire by this method.""

Rammusio, Navagations ot viaggio, IT1, Venetiae, 1565 (p. 124), gives
an illustration and description of the Cuban Indian method of mak-
ing fire. The hearth consists of two picces of round wood tied
together st the ends.  The drill works in the groove betweon the two
aticks. Dr. H. Ling Roth remarks that this type of hearth is found

nowhere else in this region.®

1Hu1m1wmhﬂdh1nﬂnuﬂl~lﬂ-
b Willmghtry, Smiitsonton Beport, 1698, p. 358

* Pilfiip Stedmion Sjorksmn.  Culturg of the Luleno Trdtass, Teekaley, Tniv. of Oullf, Pob., vl 8,
Had, lwn, p. 8.
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The historian Oviedo (1526) figures this hearth, Ling Roth sug-
gests that Benzoni mentions a similar method in Nicaragua. :

MEXIO

There is sbundant pictorial evidence on the fire drill and its method
of working smong (he writings of the ancient Mexicans, Thea
prove that thesimple two-part drill was the form employed.® Other
drawings in the Codex Nuttull, Peabody Museum, Cambridge, Mas-
sachusetts, show even more eloarly the definite intent in fire making.
Among the uncivilized tribes of Mexico up to a few vears sgo the
fire drill was in common use,

FERATEAL AMERAM S

The simpls drill survives in Contral America o the prescut. The
interior wnd almost unvisited tribes of Panama and Darien still use
the drill. The Guatuso of Costa Rica were using the drill at the time
of Gabb's visit, about 1870, No pecularities of drill or hearth have
been observed in Centrnl America nside from the fact that the Costa
Ricans worked the drill on o billet of wood with center groove.

HOUTH AMERR Y

Many instances of the simpls fire drill have heen recorded from
South America, bot much remains.  The Mueva Indisns of Venesuels,
who live in the Sierra Porija, use a read for the deill, and in & hollow
in the end place a piees of tinder. Two men work the drill their hands
coming into pluy alternately.  When the tinder ignites the fire maker
Blows through s small eut through the wall of the reed, thus fanning
up the cosl of fire” This extraordinary and unique method indicates
what may be discovered in South Americn when explorstion by scien-
tifie men is carrisd further,

Im Thurn desoribes fire making wmong the Indians of British
Guiana, as follows:

"“I'wo long sticks whea Lhoroughly dried are used in the operation.
A gmall pit s dug on the side of one of the sticks elosis 1o ons end,
and s groove is cut from the piv halfwsy round the stick (fig. 17a,
p. 258).  One end of the second stick having been cut svenly at right
wigles Lo the longth of the stick, a few inches st the same end wre peelid
(fig. 17b). A knife or lst piece of wood or atone is now placed on the
ground.  Aoross this the first atick is laid so that the pit is nppor-
most and immediately over the Blade of the knife. The Indian then
grasps this stick with the toes of one foot and then holds it atesdily
in pne position.  The second stick is held at right angles to the first,
the peeled end being in the pit, the other snd between the palms of

* e Bz, §77 frrm Lhe M2, Trowwmn b Sah Ann. Sopt., Bas. Amwr. Eeinol, 1358, g 32,
T Thendgoor T Hairy, The Muevn Tolians of Venssosjs, fsi, Attt Ewprp T4, Jaay, 10, IS, pp -2,
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the operator’s hands.  The left hand i held motionless while the
right palm is rubbod steadily and somewhat rapidly backwar des and
forwards again=t the left (fig. 17¢). The friction wenrs away the
sides of the pit and enlarges it.  The groove which passes half round
the stick beeomes an opoen channel through which the fragments worn
away from the inside of the pit fall an te the knife or bourd
balow, where they form a small heap. At the end of a half a mioute
the heal within the pit, neting through the open channel, ignites the
heap of dust. The wood used in the manufacture of these sticks is
of different kinds, That used by the Maeusis appesrs to be from a
species of apeida.  That used by the Warraus is cut either from o
plant ealled by them voidrne’ (Gasltheren wregon Aublet) or from the
bone (midrib) of the troolis palm ( Manicario saceifera) or from the
wari=yan or lancewood tree, or from others of imkoown name.''*

BEalls

The collections of fire tools from the Indiang of Brazil show the
simple apparatus prevailing in that country.  In many eases no noteh
is eut un the edge of the hearth for the collection of the ground-off
wood particles.  The reason for this is that the drll and hearth are of
approximately the same dinmeter, so that the working of the drill
grinds away and cuts the side of the hearth, forming a noteh, Thisis
observed i specimons collocted by Dr. Emil Hassler from the Chara-
utes, Caynpos, Angaytes, and other Brazihan tribes.*  Thero is fig-
ured in the 1501 report (vol. 2) of the Museum fur Volkerkunde of
Berlin what sppears 1o be & fire drill from the Rio Purus, Amazonus,
Brazil. The hearth is a half round prece of wool with a similar
pisce covering L, and the two are tind together, The fire hole and
slot wre made near the end of the hearth wnd the top piece of wood
is slid back to uneover the hole,  This device is evidently o proteet
the working part of the hesrth from dmmnpness.

ITEILE

The Araucanians *do not use flint for the purpose of obtaining
fire, but employ, like the Kamtachatdas, two pieces of dry wood, one
of which they plnee upon another and turn it in their hands ontil it
takes fire, which is very soom.'' '™

ABGENTING

“The Patagonians in making fire have two pisces of wood, the one
8 hard s holly, the other soft us fir, the one: llat, the other round.
They lay the Nat picee upon their kneis and set the hard piece upon
the other and drill it between their hands' ¥

VI F, i Thion,  Dndlany of Britlah uisne Lobdon, 1621 p, =57

# ety oty i B0 IS Febmrbrwrdsssriur e {hommaneecialien eilinedafl., val, & U84, s 1111
* Molanz,  Higtory of Chill, Middetawn, (305, 0. 106 :

i Ppsie, Wk Proojmed, Makbog Ssoety Tuhlioations Lamidan, 1881, po M




104  BULLETIN 189, UNITED STATES NATIONAL MUSEUM
ETHNOGRAPHY OF THE FIRE SAW

Tha fire saw, like the fire plow; to which it appears to be related,
is a rather circumseribed method, also centered in the Bast Indiss,
but with a more or less erratic distribution, to Australia on the one
hand and to the Asintic mainland on the other, Alfrad Russell
Wallaon desoribes fire making among the Mulays by this method,
stating that u sharp-edged picce of bamboois rubbed on s convex
pisce on which a small notch is eut. In the course of the work the
convex piece issawed through and the dust falls through on tinder
placed below (pl. 30, fig. 1). 1=

DY Almeida says: “ Referring to Javanese customs, before starting
on our return 1 felt desirous to smoke n-cigar in order to ‘keep the
cold out’ but finding I had forgotten my fusee, I asked oneof the
men if he could give me a light. Hs immediately picked up s dried
pigce of wood, and holding it fixed on the ground, asked one of Lis
compsnions to Tub another across it. This being quickly done, in
less than five minutes the friction caused the upright piees to burn.
The man soon blew it into a flame and handid it to me, "

THILIFFINED

Observations first band on the details of the method amang some
Philippine tribes bring out the following: The saw is usually held in
the hand and worked with a free-arm motion, ss among some Negritos.
The Zambales Negritos reverse the order and rub the convex piece
on the saw. This reversal is often practiced among other Philippine
tribes using the method, snd has much to recommend it in proventing
the loss of the coal of fire. The convex pisce or hoarth is nicked to
nbout the depth thst will be cut through at the time of greatest
friction. Beneath the nick some slivers are started up, forming a
support for a bit of tinder.  In working, the saw beoomes dark brown
from friction and fibers silver off and wre crowded through the slit
and impinge in u maess upon the tinder. The tinder iz bamboo
serapings rubbed well between the hands. For the fire saw bamhoos
differ in quality, a thin-walled bamboo ealled “buyo’ buing best,

The Negrito fire maker begins by scraping shavings from s bam-
boo post. He sooops a shallow depression in the ground and lays
the bamboo hearth across it, puts shavings underneath, puts his feet,
legs extended, ncross the ends, snd ssws with wonderfully quick
motion. The position seems very awkward, but it is not far the
Negrito, The Bagobos and Morcs make firs this way.

Sometimes the bumboo hearthis lsid on n round stick, which gives
the operntor better command of the spark,

WAL Wallese. The Mulay Arehipsisge, 1559, p, I5L i

" W, Tarrington D Almsida. Life to Juw, il . 200, Quoted tn B Brough Bmyib's Abesig
inas of Vietosim, vol. I, L8T8, 1. 590,
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16 has boen told the writer that the lower-class Japanese used and
gtill know the fire saw, but this has not been varified. It is probable
that the Malay have carried the saw to distant consts.

LA ANT BTRME

On the mainland of Asia low and less-advanced tribes bo the south
and east furnish ingtances of the nse of the firs saw,

Capt. T. H. Lewis obsarves of the Chittagong Hill tribes on the
eastern frontier of British India:

‘A groove is eut on the convex side of a piece of bamboo and a
thin strip of bamboo rubbed with sand is drawn in this slit till ig-
nited dust falla through the thin crevice left in middle of slit onto
shavings.' "

In Burma the natural bamboo is used, or o longitudinal V-shaped
excavation is made in s section of branch wood, & blude is made,
and the process goes on in the regular way."

Tho Todus use the oridinary drill and the Panivans the saw, ss
follows: “I recently came soross s very ingenions method (pl. 1) of
making fire by friotion, carried out by the Paniyans, who live at
Pudupadi, near the base of the Malabar hills. A portion of 8 bam-
boo stem aboul 1 foot in length, in which two nodes are included, is
split longitudinally into two equal parts.  On one half s sharp edge
is cut with a knife. In the other s longitudinal slit is made through
about two-thirds of its length, which is stuffed with n pioca of cot=
ton cloth. The latter is held firmly on the ground with ita convex
surinee upwards, and the cutting edge drawn, with & sawing motion,
rapidily to and fro across it by two men, until the cloth i ignited by
the red-hot particles of wood in the groove cut by the sharp edge. The
cloth is then blown with the lips into a blaze, and the tobacco or
cooking fire van be lighted. " '*

“Throughout mnorthwest central Queensland two methods sre
adopted for kindling fire, though the second to be desoribed is per-
haps commonar along the Upper Georgina.

“a. Twirling the stick betweon the flattencd palms. A very dry
piece of wood is selected, a little nick or concavity cut in front of
the aperator (fig: 244). Another long stick of the snme matorial is
taken, like it perfectly dry, and its roughly sharpened extremity
placed vertically upon the nick already cut on the fixed piece. The
vertical ono is now twirled, rolled backwarda and forwards, s rapidly
as possible between the flat opened palms, the hands all the time
being pressed graduslly and firmly downwards, The amoke, followed

ML Treeta of Chiliapung snd Use Treoibrs Theraln, Calonits, b, p. 82

o hwfermatian by (i B, M. Loltet S alio Sci. Amer, Supp. S8, Seplh M, 1584 p, taT.
™ M nchrms Crovermmard. M e Dilletin, vol, 4 No. L pp 13-4 Modres, 1001,




106 BULLETLY (130, UNITED STATER NATIONAL MUSRUM

by o spurk or two, soon appears; with some very dry grass and a
little ‘blowing' this is soon fanned into a flame.

“b. Rubbing one stick over another like o saw (fig. 245). The
fixed plece of the preceding iz lere roplaced by u picce split st ils
extremity, into which a wedge (e} is placed so as to allow of some
fine dey grass, ete., (8) being placed and firmly elutehd in the fork
(e) so produced. Aeross the edges of the split o more or les deep
noteh (d) is eut, along which another piece of wood with an angular
vidge made to fit is rapidly rubbed forwards and backwnrds, The
honzontal piece, what with the attrtion, becomes pulverized and
heated at the nolch, so that sparks soon arise and eatch on to the
grass which thus becomes ignited.

"As a rule these fire sticks (‘Pitt a-Pitta toor-kin-je") are thrown
asile or disenrded after use, They are made only as they are wanted,
and in these districts are certainly not to be seen carried about for
future use, The particular timber of which they are made seems to
vary, though the rool portion is said to be ususlly requisitioned. It
is said Lo be a Kind of “boxwood,' st other limes ‘lavender” wood,
sometimes * wild orange. """

The sboriginuks of New South Wales suw across w0 billot of wood
in which a longitudinal groove has been cut, and the friction thus
ocours on the two margins of the hearth. J. F, Hobbs informs the
writer that it is customary to tie shredded grass to the sides of the
hearth and to put tinder in the groove. The method is deseribod
hy John Frazer.™

The combination of the saw and groove in the Australisn speciman
18 suggestive of an ancestral invention.

ETHNOGRAPULY OF THE FIRE THONG

Following the fire saw is another method in which a thong of -
tan or other llexiblo lianm is vsed to produce fire by frction. This
subjoct hms been monographed in n most praisewarthy pieee of work
by Henry Balfour* Mr. Balfour iraces and illustrates the method
in: Asin, Afrios, and Europe. The eastern area extonds from Assam
to New Guinea; a doubtful oceurrence among the Ba Kele of the
Ogowe River distriet, West Africa; and o rather ixtonsive ose in
folk ‘practice in northern Europe, Mr. Ballour regards the rigid
firo suw and the thong se elosely related, the Tormer probably the
original metlod,

U Walter K. Hoth  Evhooligies] Studies Amung e Mol West- Uyl HW-M1 & bearlgh b
Tabdisted by Gosonstand Apent Oemsal's Ofion, Lowdin, 1687, o
B The Abbrigines of New Bouth Wals, Eydney, 108, pp. 5755

 Frictiondl Fir-3akieg With s Fleuible Sawliig Thisg Jugra, Arlbeg, It mol 4, Saamery oo,
WL pp 2304, : . '
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ETHNOGRAPHY OF THE FIRE PLOW

Maling tire by rubbing the stick corresponding to the drill to and
fro in a groove in the st surface of the hearth s eallad the plowing
mothod. 1t belangs to the group of localized fire-making arts, which
will be disenssed in turn. The spréad of the Palynesisng over s
vist peenn-islind sren has indesd corried the plowing methed far,
bit ms this migration is comparatively recent, it is scen that the
mode goes back to the origin locus in the East Indes, an area char-
noterized by o remarkable diversity of processes in the fire-making
art, some of them of limited distrihution.

The rapid spread of the plowing method is suggestive of the dis-
tribution of the simple drill through ancient movements of peoples
much anterior to the migrations of the Polynesinns.  Asshown below,
the plowing method veeurs sporadically smong peoples and in local-
ities uneonneeted with the Polynesian migrations. In the present
state of our Knowledge a grest deal as to origin must be left without
explunstion and with only the suggestion of independent invention,
which should be sdvanced as & last resource.

The Samoan fire making may bo taket as charncteristie for the
Polynesians. [t must be added, however, that the rubbing stick is
clasped i the interlockod fingers im o certain way, is run at a low
angle at first to warm up and form the groove, nad is then elevated
to about 45° for the finul rapidly increased friction. The method
requires the mosi exact movemenis; as a8 movement of the rubber
too far will dissipate the small mound of wood dust in which the fire
rises.

“In Samon lire was obtained by friction, and the process is still
used when matehes pre not svailable, A man will take & pieca of
dry wood, which is placed on the ground, then another small pices
is pointed and firmly grasped by the two hands. This is rubbed
backwards snd forwards, slowly at first, until & groove is formed in
the log, when the mbbing is accelerated, until the little head of scooped-
otit dust at the end of the groove ht.*gmu to smoke, when the oporator
rubs very fast indeed nnd the action causes the dust to ignite, This
ignited matter is then placed in the middlo of some inflummubl
materinl until it bursts into o flame, and with this a few leaflels of
the dried coconut leaf are ignited. The exertion of rubbing the fire
stick is very great.  Old men are not always uble to got fire, especially
on damp days, snd sometimes haveo to walk several miles 1o the near-
b village to geb i light hefore they can cook their food’*® (pl. 30,
lig. 2).

# Omrge Mowe Aelsmitins sl Polyiesbuinn Thity Lifs Mt Deserited and Cummponed.
Lawdm, 1070, p. 18
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The Polynesinns possessed exeellont wood for fire making in the.
pariti (ante hibiscus) tilisceum, which Dr. 0. F. Cook ATEIES Was
introduced in the Polynesian islands from Americs,

The plowing method of fire making, however, has no reforones to
the sprend of the plaut, s this method is not found in Americs,

In Borneo the method is found nmong the natives of Swrawak,
and a valuable description which brings out details comciding with
the process smong the Polynesiane is given by E. H. Lamont:

"One of the men sirikes firo by means of s small branch of soft
wood placed on the ground.  Squatting opposite it, he holds it in its
place by one of his toes, whilst same one places & foot on the opposite
end for the same purpose. This piece of stick having hean cut fat
on the upper sid, & pointed piece of hurder wood, when it can ba
procured, is held in the right hand obliquely against the lower pince,
somewhat us we hold s pen, with the loft hund pressing on the fingers
of the right to add force to it. It is first moved gently along the
line, the motion being gradually quinkened, till some brown dust is
seraped up st one end of the incision thus mads, and the friction be
ing then increased in velocity, the wood linally smokes nnd takea
fire. A dry pisce of poro or huck, brought from the house where it
is kept for the purpose, readily iguites when the burning dust is
deposited in it, nnd being waved baokwards and forwards is soon in
a blaze,''™

The Solomon Islanders also use the plowing method:

“A stake of dry, soft wood ia selected, & convenient sizo being about
us thick as the wrist. For convenionce a fow chips are slived off in
one place to make w fat surface to rest upoti, The stake is then
placed upon the ground in front of the operator, who sits o1 ong onid
of it and holds it steady botwoen Lis toss, Thexn with & pencil-shaped
pieca of harder wood, hold firmly in both hands, he begins rubbing
up and down upon the flat surface. A groove is formed and s dark.
colored dust soon produced, which is pushed to the farther end of
the grooye. The dust before long heging to smoke, The pace s
increased and it begins to smoulder, A pieco of dry touchwood is
then applied to it snd quickly blown into a glow, With perfestly
dry wood a native will almost certainly produce fire in loss than g
minute. I may ndd that T have rubbed till my elhows and shoulders
hiave nched, but have never boen able to produce more than smoke,"” 2

The Tusmanisns used the ordi simple fire drill, but ure oeca-
alonally said 1o have used the plow method, Tt appesrs that the

RO Foend 6 C Cool, Tha Maho or 2atmgus s s Trags. Pecifs Plant, Jesrm, Waabington Aeadl.
Bl wel 7, Mar. I8, T5IE, pp. 153-170 -
B WM Lifs Among b Pacifle lslaacders, London, 1857, p. 156,

= 0. M, Woodlonl. A Natacradist Amoog (he Hend-Humies, New Yeork, 20 o a0 The Sswe
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art of preservation of fire was more important with them than that
of making it anew with sticks.™

Prol. Frederick Starr elearly deseribes the plowing method in the:
Congo:
" The Batua wo saw here wers little, but well built, We messured
twa of them, both below the 1,500 millimeter limit; they are the two
rubbing fire in our picture, and are the first in the following table,
These littls peopls regularly make fire by friction of wood. The
implements ure & seetion of branch about an inch in diameler, 6 or 8
inches long, split lengthwise, ani a stick of the same wood, about the
same length, blantly pointed at the ends; both are somewhat charred
und bluck with smoke. The section is laid upon the ground so as to
slope slightly; a man with s leafl folded to protect his foot stamds
upon: the lower end of this stick to hold it firmly; a second man,
knealing, holding the rubbing stick with both hands, sets the point
in & longitudinal geoove freshly cut in the lower piece of wood, applies
considerable pressure und rubs briskly to and fro, rapidly deepening
and wearing the groove; smoke appears almost mmu&mtely,mﬂ n
spark soon glows in the fine dust that is rubbed out. Ndombe's
Batus also make fire by frietion, but by the more common muothod
of whirling un upright stick between the palms, the lower bluntly
pointed end resting with pressure in u noteh cut in a lower stick lnid
oni Lhe ground.  From 30 seconds to o minute is ample time for the
production of fire,  In bothregions the larger neighbors of the Batua
look with contempt upon the making of fire by friction, as suited
only to the despised Batus,"=

M. Maurice Reygasse hes discoversd a fire plow in use by Berbers
in Aures near the ossis of Negrine, 150 kilomoters south of Tebessa,
Algerin. Tho apparatus ia described and figured by A. de Mortillet ™ _
who compares it with similar apparatus used elsswhere. The mute-
rinl is the fruit stem of the date palm., The Berbers use sand to
merease friotion when muking fire with the plow, M. de Mortillet
alsg suyes that Frederick Starr has observed the fire plow among the
Batuss of Belgian Cango, s dwarfish people with brown skin.

ETHNOGRAPHY OF THE FIRE PISTON

“When a body has its density incroased its capacity for heat is
dimimshod., The rapid reduction of air to one-fifth of its volume
evolves heat sullicient to inflame tindor."" *

® Il Liig Bolh, pesbsled Ly Mapbon [, Doty aod Jsi B Wallee, The Aborighuns of Tesmmia.
HaStax, Enplacd, Hm, pp, 15-100

& Fynderick Starr.. Ethusgraptils Nobe fros the Conge Pree Blats, Proc. Duveaport Ao, #dy
wid, L2 1504, o, e-TEL

S Bull. ot Mam. Sor. 4" Anttiropelas de Pans, we. T, vol, 1L 180, Nm. LA S

" laswall, Engluesr's Posicet Bock, sl 4, U4 p. 185,
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This is the principlo involved in the operstion of the ssrophure,
pyrophorus, fire s¥ringe, or fire piston, as it hes been variousty eslled,
Thy deévies for lighting Linder is & tube closed wt one end with &
smooth and aceurate bore fitted with s plunger packed st the enid to
insure complete compression. AL the snd of the plunger wits & small
ewvity for holding the tinder. This instrument was & scientifie curi--
osity sometimes uend by leoturors to domonstrato the heat effocts of
air compression, It was sometimes, though marely, used by individ-
nls 55 u personsl strike-s-light.  The ustrument as made hy white
men wea manifestly unsstisfactory and uncertain in its performance.
This is becausa the white man did not know the details of its proper
construction.  The same phenomens oceur when a tvro cndeavors
to make nnd work a fire drill.  There are, therefore, good grounds
for: suspocting that the European modes of the fire syringe were
amstourish approximations of the effeotive implements of native use
and manulacturs in the Easct, o knowledge of which hud filtered back
through the agency of travelers.  Tn any case, il the fire syringe was
discovered or rediscovered in the course of experimeotital or practical
work inn mechanics, it had not arrived at the perfection of the Malay
apparatus.  Thore are no valid reasons why the fire syringe is not
native invention, Its technology among the various tribes pruotic-
ing ite use give it n notive phase. 1t 35 of o highor grade of inven-
tion than the fire drill, but not more difficult of conception and ex-
eeution.  ‘The entire stock of the genius of man is not contered in the
advanced nations.  Theories of the origin of Uhe Gre syringe huve baen
vitiated by the idea thut it is an spparatus of seientific iher than
native technology.

Honry Balfour, who has monographed the fire syringe, stales that
it extends aporadically over s witde rangs from northern Burma nnd
Siam through the Malay Peninsuls and the Malayan Archipolago to
ite enstern limita in the lslands of Luzon and Mindanso in the Phil-
ippines,”’ ™ - Mr. Bulfour shows that the instruments oonur in Burmn,
French Indo-China, Malay Peninsula, Sumatrs, Sarawnk, Bomoo,
British North Borneo, Java, Flores, and the Philippine Istands.

Of the eight fir syringes in the United States National Musewm
from widely separatod localities, four have u bore of cnefourth
of aninch, one of five-sixteenths and two of threo-sighths inel, One
may conolude on the showing that one-fourth inch is the effective
bore. 'The depth varies from 13 inches (two specimens) to 41
inchies. On this showing the dopth is not importunt, Hors sl
hardwoods are the materinls of the specimenas above mentionesd pl
31, figs. 1-06). ol

" The Fire Plaian.  Authrep. Esuys Presested i 1 wiid Dersont Ty bs Sasontof 11 750k Birtn
iy, Oww, W, [0o7,
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THE STHIEE-A-LIGHT

The strike-s-light of pyrites snd Aok wd pymites hos an ancient
history of which & fow thronds may be traeed. The precedence of
the art of wood friction and peroussion of minerals is o subjoct of dis-
cussion wnd inguiry, but there appears little probability of coming at
the facta. Tt is clear that the so-enlled steel could orly be un intro-
dustion of the Iron Age, Malleable iron does not produce sparks
with int, g0 that the discovery of iron ss n product of smelting iron
org had no effects in supersoding the enrlier pyrites, which appesr to
have persisted until stee] became availublo, Flint struck upou flint
yielils no sparks, bul there is produced s evanescent fuminescence
expanding in the substanee of the stone and rnim]h' fading away.
Whatever the axplunation of this phenomenon, it is not impartant
in the art of lire making. The sparks struck from pyrites are dull
rod and inflame only quick tinder. The spark struck with Hint and
steel resnlts from o minute fragment of metal lieated to ineandes-
ceneo by the frction. By frction s meant the sudden transfer of «
disproportionite force 1o s small mass, with the resultant hoat offects.
It is nlso thought that not all sparks from flint are thus expliuined,
but that & chemion! combination of iron and silics is produced in
some of the Hushing metoorie sparks.

The moat ancient form of strike-a-light is that employing Hint and
pyrites, Thia dates certainly to Neolithie fimes, and doubtfully
enrlier. The tendeney of pyrites to decompose or disintegrate often
venders it difficalt (o locate this method in sites nnder exploration.

ETHNOGRAPHY OF FLINT AND PYRITES

America—The combination of u lnmp of pyrites and o fint seespor,
whieh & 80 gommon thnt they are slways associnted , as noted in flind
nnd steel, does nol indionte a necessity lor the flint. Two limps of
pyrites struck Logether are adequate,  The reason for the fling
iz Lhat it gives more precigion sl lessens the dunger of breaking the
pyrités, which ensily oceurs when two masses are struck together,
Neolithie serapers of a certain type are therefure not necessarily imple-
ments of fire making with pyrites, )

Flueris states that the Virginia Indians made fire with flink snd
pyribes

Of the Algonkians L Jeune says:

“Concerning their fusil they do not do ps we. They have for n
mateh the skin of an eagle's thigh with the down on;, which takes fire
ensily; thoy strike two iron stones together ns we use a strike-a-light
with & bit of iron or stoel; in pluce of allumettes they use o Littie
bit of timber (it is of punky wood very dry, which burns ensily and

o Verrage anil Travals, val 1. Soaten, 1904 po. SUA e,
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incessautly until totally consumed), Having made firo they put it
into pulverised cedar bark and blow softly until the bark flames."*

Thomas Mortan, in his New England Oansan, refers to the Indian
usa of two stones for striking fire, T, G. B. Lloyd says that the
Beothue ignited the down of the blus jay by sparks struck from two
pieees of iron pyrites. In their graves “Two ‘fire stones' or nodules
of iron pyrites lay ot its head, suoh s wers used by the red Indians
for producing fire by striking two pieces of the substanco together,"s

C. C, Willoughby, in the oxploration of several burial places in
Maine, found worked pyrites in the excavationa®

The pyrites strike-a-light was in rather general use among the
eastern and central Eskimo, and ware found side by side with the
implements for wood friction. There is pyrites mine on Boothis
Folix at Elizaboth Harbor, and there was trads in the mineral for
potstone from Wager River =

Kans saw the Eskimo of Anostok making fire with quartz and
pyTites:

Y On our wrrival at the hut sn Esquimasix was striking & fire from
two stones, ono a plain piece of angular milky quartz, held in the
right hand, the other apparently an oxide of iron. He strick ther
together after the true tinder-box fashion, throwing n scanty supply
of sparks on a tinder composed of the silky down of the willow
catkins (Saliz lanaia), which he held on Iump of dried mogs.”™

“For the purpose of obtaining fire the Eskime use two lumps of
common iron pyrites, from which sparks are struck into & little
leathern case contuining moss well dried and rubbed Betweens tho
hands. If this tinder does not readily catoh, & small quantity of the
whito foss of the seed of the ground willow is laid sbove the moss;
As soon ns the fire has caught it is gently blown wmtil the fire has
gprend au inch around, when the pointed end of a pises of oiled wick
being applied, it soon bursts into & flame, the whols process occupy-
ing two or three minutes.” ™

Among the Eskimo of Point Barrow, Aluska, the uso of Dint and
pyrites is described on page 07,

To the east of Point Barrow the Eskimo at Cape Bathurst and
Hersche! Island used flint and pyrites®

The slave and Dogrib Indians of Canada “*kindle fre by striking.
together o picce of white or yellow pyrites and u Rint stone oyer a

*Le Tpuns., Eolafon e s Nonvele Fraoos, s 'Anies 18, vol Lp. 33, Quebes, Litg.

Mlenim. Anthrep lonk, val 4, 096 b 2L Pyrlles abs fonmd n Eskimo gmres ot Hodees Strall
(ltermation by F, ¥, Fayme )

wm'. . Dmria] Flioen Iz Msios, Arch. and Ethanl Pupesy, Prabody Mismpm, yal. |, o,
Mo,

B Intermidion by D, Fracs Goss,

. E. Emat Kung, Arcile Krplormilons, vl 1, pp. 579280, Phlbadidgptiln, 16

® Petryy Exgoditios, po S [

® Walter Hough. &g Edkimw Etvikesllght Inng Cige Bnttiisrsd, Proe 1), & Mat. Mo, 1888, p. 151,
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piece of touchwood. They are universally provided with a small bag
containing- these materials; so that they are in a continunl state of
preparation to produce fire."'®

Hearno, in journsying Lo the northern ocean in 1772, discoversd a
solitary femals of the Dogrib Indians who had been-seven montha
in the foresis without seeing u human being.” To support herself
she had built s hut, snd with much ingenuity snared rabbits and
partridges, ste. To procure fire she picked up two sulphurous stones
from which by long friction and hard knockings she drew sparks, and
used touchwood for tinder. Though soquaintad, as she must have
been, with the process of obtaining fire from wood, she probably found
herself from want of practice nnsble suceessfully to perform it.”"®

“The Han Kutehin buried with the dead a flint fastened to n stick,
a gtone to sirike it on to make fire, and o picce of the fungus that
grows on a birch tree for tinder, with some touchwood also. "=

8o far ns has vot boen ascertainsd, n the vast stretch botween the
Cunadian and Esstern Indians noted and some tribes living in the
southenmest parts of South Ameries there was no use of Bint and
pyTites by any Indians, In Tierrs del Fuego, however, the method
is found and liss been thus deseribed:

“Fire is muaintained with great care wherever these savages go, by
earrying ubout s piece of lmmtug wooil.  Should it sceidently beeome
extinguished they procurs it again from sparks produced by striking
two stones against one another. ‘The sparks so produced are received
into tinder made from the underdown of birds, well dried, or fine dry
moss, and then by fanning the lighted finder in the air a flame is
produced and the fire again kindled." #

Another deseription gives more details:

“His mathod of procuring fire is uniqué. Wherever he goes Le
enrries along & bit of ‘mundie’ or iron pyrites, which is found upon
the mountain sides dll over Tierra del Fuego. This mundie when
struck by n pebble will produce sparks. The sparks are eaught upon
a tinder of dried moss or the punk of a dead log, and when ignited
the tinder is placed within u ball of dried pgrass, and this being
rapidly whirled in cireles soon sets the grass ina blaze. Then it =
only necessary to tommunieate the blaze to a bundle of sticks and
the woark is complete. But thisis a good deal of trouble, and that
the lazy Fusginn does not like, Thereforn he is extremely carciul
of his firs, lighting one on shore at pightfall from that in the boat,
snd vice versa in the morning."' ¥

= A lsramdger Mackensin,  Voongsd feem Mistmal Thiough the Narth Amarkun Cogtinent, 1801, p. 36,
w0 Enight, The Workd & Wizkstop p. il

™ Stranhan Joesr, Smith. Istl Mopk. 18, p, 35

® 1.1 Gernn. [nhahismrts of Tieres del Poego, Jmm, Azthiop, D, Locdon, vol. 1E, Msf, p. 1463,
& Faneie I, Ward., Watlington Star, Jun. 00, 153
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Weddal says that the Fucgisns barter pyrites with the Teluiololies,
which would indicate that the latter tribe alao struck fire by this
method.® The Teliuelehes are alao known to have used flint snd
!!.NL

ETHNOGRAPHY OF THE FLINT AND STEEL STRIKE-A-LIGHT

Thero is a general consensus in the use of the term firestons for
flint, The Assyrian “‘abanisati” hns this meaning.® It may be
pointed out, however, that the name for the flint does not indicate
the other part of the strike-a-light was steel, as it is known that the
earliest Lype employed pyrites, While the wider distribution of the
fiint and steel striko-s-light clearly dopends upon the production of
steel in sufficient quantity, it is oot argued that an ancient and lim-
ited use of steel for fire making could not have existed in the early
Iron Age.. There appears to be no evidence of such uvse older than
among the Romans of the later Iron Age, the first notiee in liters-
ture being by Lueretius, 05-51 B, 0. The Assyrians of 800 B. €.
were proficient iron workers, us were the Hindus of an early date,
but no employment of steel in fire making is noted, Similarly, in
Egypt, where the Iron Age has its oldest dute, no strikea-light has
been found. The oldest surviving steel for the strike-s-light, if the
wdentification is eorrect, was found in the pile dwellings of Uebar-
linger See and dates from the Iate Iron Age.*

As stated previously, the flint and steel strike-n-light owes its use-
fulness 1o that motal and not to iron, which is loosaly considered as
equivalent tosteol.  Soft iron is notsuitable for the “steel,” and like
Wiso meteoric iron, tested on the Canyon Diablo, Arizons, and Du-
rango, Mexico, irons through the courtesy of Dr. Goorge P Murrill.
The flint and steel apparatuz, therefore, must be discussed in regard
to the manufacture of the metal which has superseded iron, This is
s difficuit. problem on account of the searcity and questionableness
of the duta. Tt is thought that steel made from iron by the cement-
stion process originated in India, This process consists of heating
iron in s closed vessel in presence of animal matter, such as skin and
horn, the effoct boing to form s Iayer of steol upon the iron. The
common term for the process is casehardening, and knives so treated
were ealled ense knives. I the treatment was continued the whole
muss of the iren was converted into steel. It is ot probable that
steel heeams abundant enough for use in striking fire 1ill compara-
tively late in the Iron Age. Wenpons consumed most of the steal
minde, and its use for tools was probably mainly limited to clissls and
files. The Romans employed steel for these purposes probahly as

* Yoyuge Towani e Bautl Pode, b, 1T, ¥

" F. Daliitach. Assyrian (rammer, Mew York, Lo, p i,
'Ml-mlm_ win Lake Thwellmgs, 1575, fip. 30, pl. 2s,
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early as the third century B. C. It is seen on examination of n lurge
series of strike-a-lights that the fils hus been an important agenoy in
furnishing the necessary metalin all cornors of the earth. From a
goneral roview of the subjoct it may be concluded that in curlier times
the flint snd stoel was quite limited, and that its wider midoption was
due to teade and intercourse.

America.—The strike-u-light in the Western Hamisphore i uy
example of the recent introduction of flint and stesl. Explorers,
traddors, and settlors brought it from Kurope, und the oldir methods
rapidly passed out of use except in' isolated places and for oult pr-
poses. Matches still furtlier displuead the native method and abso
the flint und steol, so that there is 1io tribe in North Amurics relying
upon wood [riction Lo produce sommon fire,

The Eskimo of Alsska, on sceount of their isolation, had littls
apportunity to sequire steels, und thers are fow instances of s use
among these tribes bofare the great gold rush which introduced
matches us s substitute for the fire drill. The Tinne and North-
west eoast tribes had becorne familine with fint snd stoel 1he first
tribe throngh cominerce with the Hudson Bay Company und the
second by way of theses, The Algonkians to the east had the fling snd
steel oarly from the French explorers, (raders, snd missionaries, snd
munder similar influences the Plaine tribes disoarded five sticks und
took up this now method and rapidly made it their own. The tribes
of the East also early roceived the flint and steel from the English
and French, and discarded the eld methods with the same facility as
the stone arrowhead. A similar state of affajes is seen among the
southern tribes, where French influence was prominent. In ths vast
oxtent of Texus steels were not easily obtained, and some tribes
possessed Lhem while others continued the uwse of firo sticks. The
Pucblo region, which was the first touched by white men, proved
most conservativs and never adopted the flint and steal. Hepe only
recently fire sticks were supplanted by matohes. As u rule, in Cyli-
fornia and on the Pacifie const generslly the flint and steel wis not
used, and firn sticks remained in vogue among the Indians luter in
this region than in any other part of North Ameries.

In Moxico: among tho more modified peoples the flint snd steel
Was common, snd among the wild tribes it wes rarely found. Hero
the appuratus shows its Spanish origin, _

In Central and South Americs the steel was found mainly in the
possession of the people of European snteesdents, and was rarely
employed by the uncivifized tribes, and then by those living on the
routes of commerce, .

I the New Workl the ecommsres in steels and flints of Furopean
origin was important, The great bulk of flints for guns, pistols, nnd

H253r—36—9
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strike-a-lights came from England, where an industry continued from
Neolithic times supplied the world with & professional product made
of the hest material by the * flint knappers” of Brandon.  On sceouns
of the demand for Hints this industry is still earried on.

Steals came to Ameriea through trade in goods of the English,
French, and Spanish principally, They were ulso brought in person-
ally by immigrants from various countries.

Stewls were of different sizes, ndapted to nuse in the fumily tinder
box, for carrying on the person by travelers and hunters, and some-
times in neat cuses for earrying in tho pocket, Three well-marked
types are found in America; the straight bar with curved handle; of
English make, vsnally foand in the sheet-iron tinder boxes commuon
in New England sud called s * flourish ”; a straight bar with curved
handles at either end bent over and meeting st the middie, the ends
bent into an ineurved hook, Russinn; curved bar with hundles bent
over and brought down to the bur, furming two finger loops, Spanish
and Froneh; strip of stesl bent to form the letter G, United Stutes
trade; und strip of steel in form of letter O, Holland, Most of the
apecimens found in America ame made from files. Aside from the
types mentioned there are pieces of files snd nondeseript exnmples
maile by local smithe, In Mexico thero is sometimes encountered
8 steel of V shape, the extremitios of the arms bent inward into s
valute and the base chisel shape, ss in o screw driver. This is evi-
dontly o survival of s combination tool, part of the equipment of
soldiers using the old flintlock and porhaps matchlock gun. A simi-
lar combination was made in England stamped “Jukes, Contson and
Co., No. XLI," date unknown. It is in the form of &n oval loop.

Europe.—The forms of steel of Euwropean derivation found in
America may be tnken as representative of the geographical aren
under consideration. The steel typieal of Europe i= a loop shaped
much like the oval drop Landles used on [urniture. Less common
i5 the variant in which the prongs are bent down to form two loops,
@8 in the Spanish examples. Some of Lhese ure specimens of srtis-
tieironwark. The loop form has had slinost warld-wide distribution -

Asia.—European forms of sleels have the widest distribution in
Asia and erop up in the regions most accessible to commeres. In
northern Asis, especially Mongolin and China, the flint and steel
lsas bean the object of more inventive thooght than elsewhere. The
curved steel is mounted in the lower murgin of a pouch with flap in
which the flint and tinder are carried. The pouch has & lundle to
which u cord is secured for fastening the apparatus to the belt, Such
pouches from Mongolia wre often incrusted with gold and ailver, set
with turquoise aml coral.  Theapparatus is n complete unit ua defi-
nitely adapted to its purposs us o watel.  Aside from the great area
eoming undor Chinese trade, influence, and customs, the North
Asintic strike-a-light is simple s in other parts, '
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Nordenskijold snys: * They light firo by flint and stesl of o form
of Sibarian or Russ-Siby ~inn origin.  The flint is 0 beautifa) ehalesd-
ony or agate. As tinder are used partly the woolly hair of various
animals; parily dry feagmeots of different kinda of plants. The
steel and a large numbor of pisess of flint are kept in u skin pouch
suspended from tho nock. Within this pouch there is s smaller one
conteming the tinder. Tt is thos kept warm by the heat of the body
and protected from wot by ils double envelope. Along with it the
men often carry on their persons a sort of mateh of white, well
dried, and crushed willows, which are plaited together snd pluced
i oven rolls. This mateh burns slowly, svenly, and well, " #

The Burists use the Chinese pouch form of strike-a-light:

“The Buriat implemonts for striking fire used to bo proferred to
European, and commandoad a high price among the Russians. They
are tnde of plates of tho best-tempered stosl, from 4 Lo 6 inehes long,
stitehod to s bag for holding the tinder, the bag being of red leathes
wnd tastefully ornamented with silver and steel bangles. The English
and Swedish matehes hinve now driven them out of the Russian
market.’' *

The northern Ohiness strikea-light vonsists of a steal of © shape,
o bt of worked flint, and & hsmboo tube to lold yellow paper tinder, ©
Another form sonsists of & curved stes] with a perforntion for n oord
by which it is secured to a knit bag containing the tinder and flints.
Thesis strike-s-lights are purely local Chinese forms. The t ype used
pretty generally in China is a small leathor pouch with a ilap having
the steel fastenod in the lower edige, and is much less ornate than
Mongolian specimons.

‘The Japanese strike-a-light, such as is kept in the houss, consisis
of & blade of steel with two sharpened prongs driven into s block of
wood, a flint, and & bundle of splint matches tippad with sulpbur,
all kept in an oblong box, one section having & wooden dumper for
the tinder.. The poaket form eonsists of u little hag containing
the necessary parts. A specimen collected smang the Aino of
Hokkaido Island lius a curved steel blade sesttred to o oylindrical
piece of wood with iron bands. A ring in the wooden part serves to
attach o cord bag and earved wood tindér box. The specimen is
evidently Jupanese. The Aino strike-s-light has o steel resombling
an irregularly shapod lancehead with a hole nosr one edge for the
passage of u eord to which is attached a tinder box made of & ssotion
of & stem with bark like o cherry tree.

The Siamess strike-a—-light seon has an oblong thick steel with
rotnded onds, probably worked from a file.  The steel js kept in n

Y Baton N. AL K Nodkusk(iold,  Voysge of the Vg, vol 2, Laudon, 188, pp. U101
“Themry Lansdull Through Biberls, Jloston, s pg. S0
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bamboo tube containing the tinder placed in & bamboo box. A steel
from the Punjab, Indin, is n straight bar with a eurved handle wolded
toit. The Koords of Bhutan use the C-shaped European form of steel,
and & similar specimen was colloeted st Baghdad.

The strike-n-light does not appear in native Afritan collections,
and its introduction from outside is quite limited. Around the Med-
iterrancsn const of North Afries this device partakes of its purticular
European origin. From the Anbanuls Tribe, valley of s River
Faraony, comes a steol witha broad oblong striking surface turned over
at ono ond and formed into & tang for holding the implementa,
The steal, flint, and tinder, are contuined in s wallcarvod wooden box.

The ubove review of the othmography of the flint and steel strikesa-
light 61 aovount of the scarcity of the materisl is necessorily incom-
plete.  The available material used, however, proves that this method
of firs making hns spread in rocent times from the centers of civiliza-
tion. Dr. Edward B, Tylor's remarks on the subject are illuminating:

*The flint and steel may have come into use al by time sfter the
beginning of the Iron Age; but listory fsils to tell usihe date of itaintro-
duction in Grooce, Rome, Clina, nndd most other distrints of the Old
World, Inmodern times it has made its way with fron into many new
places, thougl it has not always been ahile Lo supersede the fire sticks at
once; sometimes, it seems, from o difficulty in getting flints.. For in-
slanes, it was necessary in Sumatra bo import the flints from abroad, and
thus they did not come immediately into genersl nse among the
natives; snid thers may porhnps be s similar reason for the fire drill.
having held its gronnd to this day wmong some of the iron-using races
of southern Africa.'"

Mention here muy be made of the tinder pistol, in which the flint-
lock mechanism & in an ordinary pistol struck the spark into a tin-
der pan. Sometimes the apparstus was inclosed in an egg-ahnped
motal box for earrying in the pocket. A seventesnth contury pocket
lump used in occlesinstical duties had fling, steel, snd tinder in &
sompartment,

The wheel tinder box, an improvement on the tinder piatol, had &
steel whoel balanced over the tinder pan in & tin box.  Tha wheel was
turned by s cord over the axle impinging on & flint. The miner's
fint or mpurk lamp was a similer whee! driven with » crunk instead
of u vord. 1t was used several scoro years ago in England.

A curigsity in the application of (lint and steel was o flintlook
operaled by clockwark for firing wn explosive at  fixed time. It is
atiributed ta Robert Fulton, who is said to have invented the devioe

for defense of New York Harbor by torpedo sgaiost the British in
the War of 1812,

* K. B. Tyir. Early Tistory of Mankind, Hoston, T8I8, b, T
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ETHNOGRAPHY OF THE BAMBOO STRIKE-A-LIGHT

Oné of the most surprising exumples of aboriginal technology con-
nected with live making is the bamboo strike-a-fight

“For striking & light the men carry in their waist belt a small ham-
boo prettily carved, in which some tindoer and s bit of poreelain are
kept out of the rain. By bolding the tinder and the piecs of broken
plate in the right hand, and striking it sharp on the side of the bam-
boo, the tinder is lighted. " #

Were it not for the suontific standing of these whe have published
their observations on this method, the matter might be dismissed
a8 a travelor’s tolo. The Oint and steol strikena-light is ensily
understood as  scientific and widely distributed way of making fire,
but the use of wood instead of steel is nnomalous, to say the least,

The grest usturalist, Alfred Russéll Wallace, in the well-known
work, The Maluy Archipelago, describes the bamboo strike-a-light s
follows: ' The Ternate people use bamboo in another way. They
strike its flinty surface with s bit of broken china snd produce
spark, which they cateh on some kind of tinder " (p. 332).

In various other parts of Malaysia this fire-making devies is found,
and in the Philippines it is seen smong the Battaks of Palawan and
the Malays of Balaback.

The deviee ia found in Coehin Chin.

The Alfuros of the Waigiou Islands, northwest of New Guines, had
tho bamboo und pottery sppuaratus.

" Their method of obtaining five was new to all of us, the spark
being strick from the hard, siliceous exterior of the bamboo and &
fragment of pottiry, which latter article they had probably ohtained
from the coast tribe.! @

These relerences indicate that the mothod had a considerable range,
possibly inta the Congo region in West Africa. Its distribution his
not been worked ont, but it i hoped that Honry Balfour will take up
the subject. The writer finds no difficnlty in moking fire by this
method, Observations on the specimens in the United States Na-
tional Museum show that a particular kind of bamboo hnving i lispid
siliceous coating is used. The Filipinos eall this bamboo buyo,
Smooth bambios are not servicablo, The tindor nust be quick, und
the sontf down of a species of Caryotn palm (determined by Kew
Gardens) or the like is used.

LENS AND MIRROR

It is perhaps of minor consequance whother the lens and wiirror
were used Lo make fire, as they conld never have been of much im-
W0 T Dy, Bapfometions (o Merth Bomew Proe. Rar: Ohog. Son, desusry, 1555

MF.IL . Owifiomant. | Oredes W the Murchiess to Ksiosliatin and New Guines  Seond $itbie,
Buw Vork, 5, . 071
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portancs in the fire-making art as utiliterian devices, Fire by the
long and mirror in such historical wdvices in the elessics must be
muinly referred to eult. The direct capturing of fire from the san
must appes! to thoss who desired pure fire with which to worship.

The lons necesarily subdates the paiod of quarts working. Lenses
so far recovored from archoological sites would be sssigiad to the
Roman period.  There is no doubt that the lens was used for Hght-
ing the sacred five in Rome.  Such use is mentionmd by Acistophanes
and by Plutarch. *

Glass mirrors were made by the Homans to such an extent that
they displeced the metal mirrors of earlier technology, or rather com-
binod motul and gless in & new way. The foousing of the sun's rays
by curved mirror surfaces was known to the Romans and Greeks;
witness the burning of the fleet at Syrucuse by Amchimedes, This
foat has been questioned, bul modern research showa that the con-
ditions of the problem confronting Archimedes could be satisfied by
niirrors sel in the narrow confines of a harbor magnifiad in story.
The Romans employed alse thoe mirror to light the sserifice.

The use of the mirror for fire making clsewhere, as in Mexioo amd
Peru, has beon affirmed by writers whose observations were affected:
by n knmvh-dge of the classics. There is not a shred of archeological
evidenee that the Mexicans or Peruvians know the properties of reg-
ularly curved mirrers, although numerous plane mirrors of ohsidian
and pyrites have boon unearthed in Mexico,

In Burope even aller the erystal lens huid bhecoms available, if not
eommon, it had limited wse as n fire-nunking dovice, pnil may be com-
pared in this respoct with the sundial,

ETHNOGRAPHY OF TINDER

The inflansmable substance eallod tindor is an indispensable sdjunot
to all atrike-s-lights, but it is not required with the dnll, although
frequently used in wood friction to angment the conl secured by drill-
ing. The selection snd proparation of tinder requires considerable
knowlodge snd skill, The human forethought incorporated in the
trind of the strike-a-light marks it not as & simple invention but an
nssemblage of remarkable inventions.

The variety of tinder is very great. For the most part vegetal
substances are eniployed.

America.—The Eskimo of Point Barrow, Alaeka, use the eatkins
of the Arctio willow for tinder, This is the usial tinder smong the
Boring Strait Eskimo, The Eskimo of Cumberlaud Gulf, Canada,
:;u;; rii:ldrr of the down of the "Arctic cotbon” plunt, Erisphorum

" Morris [llckey Morgun, - D Lpnls Elismnds Modls Apod Asdiqoo. atvasd Btodbes i ¢l
mﬂ.nm.m Berthald Laufer. Opthial Lezma. T oangh: poe mee. 2. ol 16, Moo
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Hosrne gives o detailod aceount of the tinder of the Athupascans
of western Oanada:

“Westwurd to procura hireh rind for making two canoes, some
of the lungus that grows on the ontside of the birel tree, which is
used by wil the Indisns in those parts for tinder, There are two
sorta of these funguses whick grow on the birch tree; one is hard,
the useful part of which mucl resembles rhubarb, the other is soft
and smooth like velvet on the outside, and when lnid on hot sshes
for some timo and well benten betwoen two slones is stmathing like
spunk. The former is called by the northern Indians jolt-thee, snd
i known all over the country bordering on Hudson's Bay by the
namo of pesogan, it heing so called by the southern Indians. The
latter is only used by the northern tribes, and is ealled by them
*Clalte-nd-dee.! The lodians, both northern snd southern, have
found by experience that by boiling the pesogan in weter for a con-
‘siderablo tima the texture is so much improved that when thoroughly
dried aomo part of it will be nearly ss soft ns spunge.  Some of those
funguses wre us large as s man’s head; the outsido, which is very hard
and Waok, snd muoh indented with deep crucks, being of no use, is
ulways chopped off with s hatehet, Besides the two sorts of touch-
wood already mentionsd, there is another kind of it in those parts
that I think is infinilely preferable (o either. This is found in old
deenyed poplars and lies i flnkes of various sizes sl thickness;
some is nol thicker than shamoy lenther, others wre ns thick ss &
ghon sole. This like the fungus of the bireh tres, is alweys moist
when taken from tres, but when dry it is very soft and fAexible and
takes fire readily from tho spurk of s steel; but it is much improved
by being kept dry in a bag thai bas contained gunpowder. It is
rather surprising that the Indisns, whose mode of lifo I have just
bean descriling. Lave never acquired the mothod of making fire by
frietion, like the Esquimaux.' ™

In the region of the giant eedar the Indians often make tinder from
the finelv shredded burk. The Tlinkit of Alaska propared tinder from
& polyporus fungus.  Tn the east the Iroquois use a species of fungus
which grows on the maple, or s kind that is considered inferior grow-
ing on the bireh,® °

Thae Sioux Indiane collected u fungus which grows ss & membrane
in the hollow of a decayod tree. This makes the best tinder,™

The Apache Indians of Anzona use tinder made from two varioties
of dried fung, one growing on trees and the other the conimon. pufl-
bell. 'The Southorn Plains Indisne strack sparks into soft, decayed
wood. In Mexico listle packets of thin sheets of fungus steeped in

™ Ggrnnel Hearne. Joarney, ste, Terndan, TG B ITh
Sfije Dhnnlal Wilie Prefstorid S vl |, Eamdon. e, p. 33
= Infvemsdbon by Franois La Fleche
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saltpeter are sold as tinder. In Cuby dried bundles of com tusssls
served us tinder.

Batos states in regurd to fire making on the Amazon st Murueupi;
“Fire making on the Amazon st Murucupi * * * first seraped
fire shavings from the midrib of & Bacabs pali leaf, strock & light in
his ol bamboo tinder box with s piece of an old file and fint, the
tinder being a felllike soft substancs manufactured by an ant (Poly-
rachia bispinousus). By gontlo blowing tho shavings ignited, ®

In British Guisna the light wood of Hernandis guisnonsis was used
for tinder.

“Fire is maintained by the Fuoginns wherever they go by carrying
uboul u piece of burning wood. Should it accidentully become extin-
guished, they procure it again from sparks produced by striking two
stones one against another. The sparka are received into Linder
made from the underdown of birds, well dried, or fine dry moss, and
then by Ianning the lighted tinder in the sir, s flume is produced.
At nighl the fire is fed to the fullest possible extent, and around it,
with their bodies slmost in the ushes, lie the wretched inmates.
When the family is numerows they dispose themselves in a line, one
prossing ugainst the other, and the last ane covering his back with a
rug of gunhaco or sealskin.”

The Beothues of Newfoundland are also ssid (o have used down of
the blue jay.¥

The Tehuelches of Patagonin used tinder of o fungus growing st
the base of the Cordilleras =

Europe—The common tinder for domestic uso in England snd
introduced into the Usited States in colonial times was made by burn-
mg linen and smothering it before iL was corsumed. The round
tinder box was supplied with & damper for this purpose,  The result-
ing tinder was very quick. ""Matches” consisting of spilints of pine,
the ends dipped with sulphur, served as an intermediary hotween the
gluwing tinder and & flame.  In Scotland tinder was made from the
inner bark of the birch, and also from n fungns growing on the oak.
Amudon, n name given to tinder made from ungl, wis eommonly
solil in Europe for use with the strike-s-light. 1j was callod German
tinder, and wos prepared from Polyporus igniaviue snd P. fomen-
tariug by cutting the masses into slices and bofling them in x soly-
lion of saltpeter. Another Europenn tinder chemically prepased was
touch paper, or puper dipped in saltpeter und dried. Gunpowder
moistened and rubbed mto tinder improved it, and powdered char-
conl made Linder quicker,

= Nutoruliad on this tiver Amaesys, 100, p, 22

S fisraem.  Jans. Anih. bt Tandio, vol. 15, Cee, p. 148,
AT, 0 T Lloyd.  Jouwrm, Anbhorop, Dnet., wal 8, 1820, p. =5,
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Conneeted with tinder is Ao tochie of the matohlock gun, s cord
or fuse of nitrifisd cotton flax, paper, or bark, used before the appli-
eation of the principls of the strike-a-light to firearms.  This fuse is
wn essential part of the pocket strike-a-light still ocousionally used in
Europe by thoso affecting ol eustoms, or practically by the people
to defent the lngh exciss on mitehes,

Asia.—At Cocliar, Assam, the seurf from a spocies of Caryola was
used for tinder. In various parts also fungue tinder was employed.
At Leh, Ladak, tinder wes made fram serapings from the stams and
leaves of the Eelinops cornigerus Do Candolle.  These identifieations
ware made st the Royal Botanieal Gardens, Kew, England.  Infor-
mation by W, W. Rockhill is to the effoct that in Tibot tinder is made
from Nowers similar to edelweiss propared by rubbing dry after mix-
ing & powder and water,  In Japan w mumber of kinds of tinder were
carefully propured and guite offective. The flowers of the Artemisia
mora made good tinder. The specific name of the plant is derived
from its use a3 a cautery in moxa.  Another tindor, ealled ' holoutehi, "
wasa commonly naed with the flint and steal, Tt is of cotbon impreg-
nated with gunpowder, A similur kind made of zheedded eloth and
gray in color i sold in packets.  Another Jupanese tinder is the soft
brown seurl down of some plant, A common tinder used in China
8 of shradded paper, probebly nitrified.

Throngh lack of dats little can be said of tinder in other goographic
nrens.  In New Guines tho bark of the Molalenes is employed as
tinder.™

Among the Hottentots the decayed mimoss and willow, ps wlso
the aloe, are used for tinder and nuswer the purposs well.*

MATCHES

To transfor the glowing bit of tinder into a flame roquires more
forathought and skill than is usually recognized. The eoul secured by
wood [riction ia placed in dry, inlammable materisl and given an
oxirs supply of oxygen by genile blawing or by waving in the sir.
Between the conl and a flame there s many s slip.  'With the cosl
derived fromstriking flint and steel on tinder s similar process would
be required, and to hridge this gap s number of inyentions have heen
made, culminating in the mateh. The Chinese necomplish this with
a roll of paper like a “spill,"” whicly, if lighted, stnoulders until hlown
upon dexterously, when it hursts into flame. Theso spills wro of
great use to smokers of the water pipe, who constantly refill the small
bowl and relight the pipe.  The nune *' pei-hu '’ indicates the sound
made by blowing up the lighter. It requires much skill o blow the
lighter into n flame.  In'the West, whore chomistry was more and

= R Meardman.  Jemme Antirop, Tesd;, vol |4 1584, po 4
# urnhiliadl Cueptall's Teeval, Losdon, Dis, g L
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mare coming into domestic life, it was oustomary to dip the ends of
pune splints into malted sulphur, These “spunks " wers eusily ignited
from the tinder aet on fire by the flint and steel. Thesasimple lighters,
in almost universel use up (o 1825, were evidently the starting point
for the inventions which gave to the world the friotion mateh. The
first chomical matoh, which was part of an apparatus called the * f-
stantaneous light box," invented hy Chancel, cams out in 1805 or
1806. It was s small tin hox containing a bottle filled with ssbestos
saturated with sulphuric aeid snd & supply of prepared matches.
Thesa were splints of wood about 2 inches long, which were dipped
into sulphur and then into a mixture of potsssium chlorste 6 parts,
powdered loaf sugar 2 parts, powdered gum arabio | part, colared
with some material and made into s paste with water., They were
easily lighted by dipping them into the seid, but wars not regarded
a8 much of & sutevss on account of the weakening of the neid by
absorption of moisture from the sir. Vietar Hugo in Les Miserables
makes the gamin Gavaroche in his retrest in the Elephant use an
epparatus oslled “Fumade's fire producer,” apparently & French
invention and sold at first for £1 sterling a box. This consistod of 4
hotile of phosphoris and smull sticks i ipped with sulphur, 'When one
of the sticls was dipped in the phosphorus it juflamed on hieing brought
out into the air. It was used in Paris in 1832,

The first friction matches wore made by dipping splints in melted
sulphur, then in & ligiid of potassium chilorate snd antimony sulphide
end gum water. Thoy ware ignited by drawing them through a
folded piece of sandpaper, This wus the ariginal lucifer, invented
by John Walker, Stockton tipon Tees, in 1827

“The inventor of the lucifer mateh certainly deserves wall of
his oountry, and his country would probably before now have ree-
ognized its indebtedness in this matter of striking & light if thers lind
not been more than ono claimant to the honor of boing the first
matehmakor. It hus at last heen proved by dosumentary evidenee
that the first maker of matches was John Walker, u chemist of
Stockton-on-Tees, who sold the first box for one shilling and twopenes
in April, 1827, The matches soon becume populur, and the people
came from long  distances to buoy them, The poor of the
town were employed to split the wood for these eurly matches,
which were invariably dipped in the phosphorus compound by the in-
ventor himself. This worthy man was pressed 1o form acompuny to
work the invention and to patent it; hut he tefused, on the soore
that he had enough for his simple wants and that he would put no
obstacles in the way of & thing which promised to be a boon to the
public. John Walker died in 1559 and a tovement is now an foar
to raise b monument o his memory,” *

o Chismcbery's Jstrnnd vol. 11, o &g,
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Credit: for tho first primitive mateh §s claimed in severnl Enro-
pean countries.  This ia the history of many important mventions
ot the time of their inception, when the minds of numerous investi-
gutars nreindependently focussed on the same problem. In reality
dobn Walker worked for the bemmon good and not for personal ar
racinl oredil.  Navertheless, arecord of sales entered in n notebook of
the date shows that John Walker sold matches of his invention
antl make in 1827,

Phosphorus, which was discovered by Brand about 1673, was
axperimented with in the line of fire producing with little success.
One ot the earlicst methods for its utilization was to rub a bit of it
between two folds of cosrse paper and to allow the spark of fire thites
produced to full upon a " spunk.”  These clumsy dovices led 1o noth-
ing of importance, and phosphorus was not used in s practical
match until 1833,

The real key to the mateh was the dissovery by Bertholet, tho
great French chemist, sbout 1800, of “the principle of the oxidation
af combustible bodies by chlorntes in the presence of strong acids.”
This was the ides adopted in Chancel's instantaneous light box meu-
tioned. About 1830 the first phosphorus or parlor mateh, in which
red phosphorus with binding and coloring material was used, ap-
peared commercinlly in Austrin and Germany. In 1855 safety
matches were invented in Sweden.

Saveral interesting devices for fire making appeared in the formi-
tive period of the mateli. In 1780 Volia demonstrated an apparalus
in which hydrogon gas was ignited by the eleatric spark, As appe-
ratus in which hydrogen was ignited by dirveting n jet of the gus
sgainst spongy platinum came into use in 1823

““Belore lucifer matches came fully into use a chomicnl apparaius
known in Germany ns Dobereingr was used to o considerable extent
for obtaining u light. It consists of o oylindrical glas= jar 4 inchos
in diameter, 8 inohes high, with s flat trap cover, from the centor of
which hangs down s glass bell 2 inches in diameter and 11§ inches
long, reaching down almost to the bottom of the jar. Inside this
boll are suspended hall & dozen sguare pivces of zine with holes in
thoem, 0 that they ean bo threaded on an iron wire. Oy top of the
COvEr ia a jet and stop cock opening out of the bell, and in frant of
it u small chumber contsining a bit of spongy plating. The jur is
filled with dilnte snlphuric neid, which seting on the zine, gonerntes
hydrogen When the ges is allowed {o plsy upon the plating it
renders it Ei::mdmnt nmgl a light can be obtained by applying &
spill."'=

el Amer, Apr. L iR, 1, 38
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In 1830 ' Prometheans” were invented in London. This consistied
of a spill of waxed paper, the end dipped in s mass of potassitin
chlorato swl sugar, and within the tube was inclosed o minnte glass
globule of sulphurie acid. On brenking the globule the peid lighted
the mateh, -

FIRE GUDS

In tuking up the subject of fire in ils religious nspoct it s reatizod
there is opened an extansive, complicated, and difficult field. It is
anly possible to present the leading features and in genoral Lo note
the extruneous form, without ttempting the impossihility of rench-
iig the innor spirit.  The cult fontures may be apparent, but the
trved is hidden.

According to Dr. BEdward B. Tylor, “tle real nnd nhaolute worship
of fire falls into two great divisions; the first helonging rather to
fetishism, the second to polythelsm proper, snd the two apparently
representimg an varlier and Inter stage of thealogiou! ideas.  The first
15 the rude, barbnrous adoration of the netual flame which he watches
writhing, devouring, rosring like a wild animal; the second helongs
to an wdvanved generslization that any individusl five is 6 manifes-
tation of one general elemental being, the fire god."” #

"There is an extensive pantheon of fire gods.  Of the nueient gods
who were powerful in the religions of antiquity mention may be made
of Amen of Egypt, aflilisted with thi sun; Baal, the Chaldewn snd
Phoenicinn firo god; Gibil, the Assyrian fire gad; Agui, of the Aryan
Hindus; nod so forth,  Littla has survived us (o the ceremonials per-
formed in favor of thess ancient gods of fire. In Mexico, however,
when tho first Europeans ronelind thist country n fire eult comploto
i all its elaborate details was flourishing. Sahsgun, who busicd
himself with gathering up the threads of the fust-disnppearing old
order, preserves valuable dats on this cult. Ha says that the fire god
Xiubitecutli, “lord of comets,” was wlso called Lxcoeunhqui, *yal-
low facn," Cuscaltzin, “fame,” and Uene tootl, “the ancient god,”
whomeveryone claimed nsafather. The images of thisgod representid
# nnked man with the base of tho figure painted with “ulli,” s black
resin {eaontehone), and n red stone thrust through his lowes lip. He
had on the head o crown of paper painted with various degigns in colors,
surmounted withsprays of green plumes in form of & flame, and he
wus erownied with bulls of leathers that hung st t)ié gides of the hoad
townrd (vers) tho eats. The ears Bors rings incrusted with turquoise
moswic.  On the buek was o tunin of yellow foathirs ropresenting a
dragon's head, scoompanied with smull sea shells. Rattles wore
nttnched to the ankles.  In the left hand he hold » buckler surmounted
with five large graen stones, ealled Chalehinitl, plucod in the form of a

& Primitive Cultoe val 3, I p, 57T,
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cross over & gold plaque that covered nimost all its surface, In the
right hand ho carried a sort of scopter huving a round plague of gold
pierced with a hole in the conter and surmounted by two globes of
different sizes, tho smualler supporting & pointed objeet.  They callod
this scepter Tlachieloni, which measns lorgnette, because by tmeans of
this object one could hide his face, yet sesing through the center of
the plaque of gold.™

The following prayer to the god of fire, writton down in Nehuatl by
Sahagun, is valuable for its literary quality and the insight it gives
into the philosophy and theology of the Moxieans:

“You, Lord, who are the father and mother of gods and the most
ancient divinity, know that comes here your vassal, your slave; weep-
ing, he approsches with great sadness; he comes plunged in grief,
because he recognizes that ho is plunged in ervor, having slipped over
some wicked sins aud some grave delinquencies which merit desth;
he comes, on account of this, very heavy and oppresed. Ouor god
of pity, who arl the sustuiner snd defender of all, receive in penitence
and relieve in his anguish vour serf and vasanl.”"®

The Hopi Pueblo Indisns represent in several coromonies o being
puinted black and spotted with red, a foarsome being ealled Shuli-
wilsi, the fire eaching. ‘This being has not the status of a fire god as
the Mexican fire god, gince tho Mexican oolt was more sdvanced
than the Hopi, It ismor than possible that Shulawitsi is the Mex-
ican Xiuhteoutli incorpurated into the Hopi pantheon.  Shulswitsi
as prototype of Xmhtecutli can not be advanced with confidense,
the tendoney being to regard these as cognate deities in the same
racial stock. '

The Navaho Hustsezini, god of fire, appears to be afiilinted with
the Hopi fire god. He is ulso black, and his offering is s cigarotte ™

Less-developed fire gods aroe found smeng moest of the Amorican
Indian tribes. The Manitous of the Algonkisns are examples of this
class.  Still farther down in the szale sppear to ho the mythological
beings who jenlouly kopt fire awwy from man, furnishing the muate-
rial for the numerous theft episodes in the fire myths. Others may
be seen in the beings who gave fire to man.

Soma insight may be gained of Aino idoas of the fire god from the
fallowing, care being taken to observe the mingling of two theologies:

" Tha deity who is generally looked npon as standing next in order
to the goddess of the sun is the goddess of fire.  She is conceived of
s being both useful and awful; useful, innamuch ss she warms the
body, heals it when ill, and eooks ita food: awful, innsmuch as she

* Barnanding de Belinges, Boak L ohi, (L Lobon. 1839, jp. 320
M dem, p M,
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is # special witlioss to note the scts and words of men und woman,
It iz she who will appear either for or ngainst us st the Judgment
Day. She will presens the great Judge of all with s perfect picture
of every word and action of each individual human being, and there
ean be no avoiding her. Thus every person will be rewarded or
punished hervafter necording to the ropresentations of the goddess
of firo. We can, therefors, sssily understand the great importance
the Ainu sttach to fira worship. But hore ngnin we must be esre-
ful not to think that it is the fire itself whick is warshipped. Fire is
not worshipped, but s goddess who is supposed o dwell in the fire,
sud whosa vehicls the firo is supposed to be. This is s subitly dis-
tinction, but is nevertheless true."

"“The Ainu always pray to the goddess of fire in eases of distress,
Thus, when s person is taken ill, his friend or relative, the chiof of the
village gets & now piece of willow wood fresh from the forest, and sit-
ting down before the fire pesls off the outer rind and shaves the stick
into #n inno. When it is finished he places it in the corner of the
hearth noar the fire, snd psks the fire goddess, who is supposed to be
8 greal purifier from disesse, to look kindly upon the sick ono. s
next addresses her by the name of ‘ messonger’ and requests her Lo go
to the Creator and ask Him kindly to accept the inso he has just
made, to hear his prayers, and to allow her, ‘the fire goddess,' to hesl
the vick one. The idea seems to bo that the Creator is tno great
personage to condescend to do the healing Himself," =

FIRE WORSHIP

Investigators who seek to collest information about esoterio things
from uncivilized peoplas know how diffieult it is to arrive at the heart
of rites and beliefs. 8o much harder it is for those whose observations
must be superficial, but who must be relisd on as furnishing the only
matoriul available. Knowing the difficulties which seientifia mon
experience in describing Indian ceremonies, and how far sven thay
somelimes como 0f the truth and how patiently they must hunt for
the one who knows and who will tell, the student almost despairs of
finding mutorinl upon which to base his doductions. The changing
nepects of religions from century to eontury introduce new fucsts to
belisf. In viow of theso considurations the Parsses are not fir wor-
shippers, but worship fire as & symbol of God, &s. they now inform us.
Whether the Parsce were nlways monothsists ought not be diffienlt
to say, but by using the fina] results of & supsrior philosophy, » wooden
inage of the lower triles is such & symbol with s similar explanation.

In any case the Parsce worship fire, us is shown by their rites and
aititude. So much is known concorning the Parsee fire cult tat jt

" My, Juhin Daslelor. 'The Aum of Jupas.  Sew Yark, o1, P TIT:
D, 3, 9T,
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may be taken us 8 good example of u completed later phase which
furnishos some explanation of the scattered myriad observances of
uncivilizad peoples in tire worship.

**The Parsee are commonly called fice worshippers, as if that ale-
ment were itsell, like Agni in Vedio times, un object of suporstitions
regard; but this they specially disolaim, sffirming that fire ls only
the gymbol of God, whom alone they worship. Their ancred rites
aro in great part performod before the consecrated fire in the fire
tomples, of which there are 7 of the highest grade in Indis, ealled
Atash-Belirams, and more than 100 of the second grade, ealled Atush-
Adurans, The fire in these temples is fed day and night with san-
dulwood and is never allowed to go out; in faet it is said that the
Parsee fugitives from India brought fire with them, which has hean
kept up continnously ever since.  When a fire is desired for some now
temiple it must be specially prepared. A perforated metallic tray con-
taining chips and dust of sandalwood is held over a temple fire until
they are iguited. Thon n second fire is procured from this in the
same manner; and so on for nine times, until by successive siftings
out of the earthy and bassr qualities of the flama o pure and etherenl
element is produced. Fire coming directly from heaven, that is, by
lightning, is moat highly estesmed. The housshiold fire is ouly in
loss dogroe sacrod, and should never be extinguished, In the morn-
ing it is saluted by esch member of the family with & handful of
‘sandalwood. These fire coremonies are designed, say the mors intel-
ligent Parsecs, to keap ever present to the mind the duty of preserv-
ing the thoughts, words, and deeds from all impurity in sight of the
One Suprems Deity, and are in no sense idolatrons.  While the priest
tends the fire his mouth is coversd with & muslin veil that no defile-
ment from his breath may rench the lame. He chants pravers at
stated intervals, gitting eross-legged before the flame and holding the
barsom-beresma, in the Avesta, or bumlle of twigs in his loft Land,
The prayers are in the old language of the Parses scriptures, writlen
in the Gujerati character, and are geldom understood by those who
repont them. The chief offering of the Parsess ia the homa juice,
ourresponding to the soma of the Hindus, This should be used
twice n day, both in private houses amd in the fire temples.'"

With the worship of fire s combined the idea of perpetual fire,
The Parses housed this fire in stately temples. Hombolde, deserib-
ing the precinots of one of these temples, says: “Around the sacred
pracinols were planted oy press trees whose forms suggestod flames,"™

Thar oy press was said to have boen roared in paradiss

A Parsee fire temple at Surocohsin nenr Baku made tho first use
Troorded of nutural gzas,

Slshu Avery, amerpmn AnSguarmn, wol, W Mareh, 1557, p, 1L
B Comtnio, . 101
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“In the beginning of the seventh cestury, when the religion of
Mohammed becume dominant in Persia, many Parsees had to leave
the country; of these a part settled in the region of Baku, and tro-
dition tells that the eternal fire over which their shrino was built was
discovered in the following manner: A well having become suddenly
dry, the owner threw down a pioce of lighted tow in order Lo sse ths
bottam, when immediately the mouth burst into o pale nmber flanie,
which continued to burn for ages until five yours ago ( 1888), From
8 very sumll struoture, oceupiod by one or two prissts, the tample
grow in course of time to & building of considerable sizo, which axists
to-day in n state of good preservation. Asis usual in the East, it
i8 in the form of a hollow square, composed of sbout 20 chambers,
all built in solid masonry, which look inte the courtyard. These
chumbers are all fitted with raised platforms of stone, serving as beds,
atidl various recesses in the wall form moaptacles for the property of
piligrims. |

“Over the entrsnce door is o small house ocoupiad probably by
the priests and serving as a lookout over the plain. In the middle
of the courtyard stunds n square kiosk, earried on four ealumns,
which are contimued for a few feet above (he domed roof. These
columns are hollow and communicate with the gas supply, so thet
thay may be lighted at the top, Below the dome is the altur, whers
the gas is burnt day dand night.

" For various reasons the prestige of the temple foll away. The
prigsts es they died wers not replaced, and five voars ngo the last one’
disappeared, nio one knows whither. “The fires are now extinet, the
alter is eold, anid weeds and wild fowers cover the courtynrd or sprout
fromt the walls. A petroloum refining company, whose premisea nd-
join the temple, protects it from destruction and adimits visitars Gn
applieation. Thus for a few years longer the interesting relic of
past aga will be preserved from its ultimate fate of being swallowed
up and lost in s vast manufacturing distriet, 1t is not difficolt to
imagine what would befall it if Iaft to ths marsuders of the eountry.
The massive wooden door has at loast & dozen bullet holes through
it, fired from tho outside.”” ™

The fire worship of the Parsee Is nn offlshoot or of cognate deni-
vation with Vedism, Tt appears that Zoroaster (about 660) was the
ugent in crystallizing the prevalent practioe of fire and nature wor
ship among the rude tribes of the Persian highlands, and sought to
found on it the higher concaptions which would constitute u new re-
ligion.  While the eourse of Zoronstrianism through thie centuries did
not devalop the harbarianism of the Hindu cults, it had not thie =opils
of a great religion and has almost disappearod.

B S Leetires. Mo 111, Tetroltmm, try J, Walinos, Tambay, nold,
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An aceount of Zorowstnamam and & deseription of the cult appa-
ratus of the Parsee has been prepaced by Dr. I M. Casanowies, of the
United States National Museum. ™

The Yezidis of Mesopotamin near Mosul lisve a well-devaloped
light and firo wonship which spems to be allied to that of the Pursos,
Layard gays: " They have more in ¢ommon with the Sehaesns than
with any other sect * * * poverence thesun * * % huve a
temple und oxen dedicated to thesun * * *  kiss the object on
which its first heams fall. For fire, a8 symbolieal, they have nearly
tlie same roverence; they nover spit into it, but frequently pass their
hanids through the flame; kiss them and rub them over their right
eyebrow, or sometimes over the whole face.” ™

He alsp says of the priests, who are oceupants of the tomb of Sheikh
Adi, founder of the sect:

“As servants of Bheikh Adi they ure the pusrdisns of his tomb,
keep up the holy fires and bring provisions and fuel to thoss who
dwell within its precinets and to pilgrims of distinetion.” ™

PRIESTS

The fire cull a8 o feature of the religion of the anvient civilized
nitions shows a detailed organization indicating & long maturity, anid
even that at ons time it may have been a major religion.

Traces of the cult are observed in all religions, but it is anothar
question whether it represents sporadic inclusions or developments
from an earlier eult submerged by varied additions.

The fire cult necessitated orders of fire priests. The Athervans
wore Vedie fire priests identicul with the Persian soshyantes. Zoro-
aster was n fire priest. The prytanes of ancient Rome were also of
this class. They were conservers of the tribal fire, fod at public
oxpense, and became magistrates in which were vombined the powers
of captain, priest, and king, Other five priests are discovered in the
ancient civilizations of the Near East. In effect those persons in all
stages of culture who offer to the five are priests.  The medicine man,
hend of the family, ar other responsible person made the offering
(sea Sacrifice).

There are, therefore, grades of fire priests from the lowest eulture
to the highest,

The Hopi Indians had wn order of fire priests at one time, no doubt
baving a ritual, now lost, and when first observed by Dr. J. W. Fewkes,
dealing with fire magic, healing, and jugelery. The priests were
called Yayawympkin. Other Pueblos hind similiar orders. In Mex-
ico the whole fabrie was well definad.

7 Prrws Halbysois Corvmoninl Objecis,  Proc U, £ St M. vel 01, 1022, pi. 1-08.
M leery Layund. . ¥issraly, New York, 180, b 100
® Fdam, p. 106,



132 BULLETIN 130, UNITED STATES NATIONAL MUSEUM

Among several tribes of the American Indisns whose customs have
been studied » functionary whose office is fire keeper lias been noted.
This official, who may be termed s priest and who also may be econ-
nected with the ancient duty of fire preservation, is best known
umang the Iroquois.

This office seems to be the samo ns that of the pipe keopers, an
office pretty generally found nmong the Indians.®

ALTARS

As seen from previous instances, any five may serve as o fire altar
al times und be ministered to by an extempore priest. The greater
fanes are surrounded with all the pomp with which man environs
sacred things. Among the Hsida Indians of British Columbis the
fire is the way between men and gods, so that anything to be sent is
thrown in the fire and burnt,”

Among the Nahuas of Mexico stone sltars, the top slsb sometimes
hollowed, stood before the chapels, and on them Gres were kept burm-
ing perpatunlly, it being considered u graat calamity if the fire went
out. Six hundred of these bragiers, from 2 to 5 feat high, wera
matalled around the grest temple of Mexico,”

Copal burnt in braziers wus & favorite offering made by the Aateo
tribes to their gods.™

The incense burner may be regarded ss a special alinr (see Incenss),
The Kokons Tunguts had w fire altar among the obos which were
around the lake. “In snother place thero wus a oylindrical stone in
which it was customary to make fires.”” ®

OFFERINGSH

The subject of fire offerings may draw upon innumerable Instances
showing heliefs and customs regarding fire, The grester number of
these refer to offerings of food and drink to the supposed spirits of
the fire, and to various other materials which are burnt for the pro-
motion of agriculture, ete. Frequantly the smoke is the offering and
the fire is only the means of miking the offering. A curious instance
of this was observed in the dance for restoring health practiced by
the Wyandots of the Sandusky River, Ohio, in 1806:

AL first Longhouse the prophet, rose, took s tunch of liarbs that
to appearance hd been hruised nod drivd, and cast §t upun the fire,
Huo stood in s fixed position until the smoke had nearly ull necended;
he then sat on the ground, smoked his pipo, sal siill, then rose snd

" Darues Messcwr. 345 (P9 Asm, Hap., Bur. Anver, Hilinul., 1508, b Bl
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made s short speech, which Mr. Atkins supposed to tell what the
Great Spirit had told them to do.”” There followed singing and rat-
tling of a tortoiseshell ruttle®

The hunter of the Cherokee Indians offers to the fire a pioce of teat
cut from the tongue of the desr. e rubs lis breast ulso with pahes
from his camp fire before lying down to sleep, in order that fire may
bring droams and omens of succsss ™

Garces obsérved among the Shoshones of Tulare County, Califor-
nin, & particular fire offering:

A little whils after the service hegan the wifo of the chief arose,
took s baskel of seed {chico) and seattorad it over the Santo Cristo
I wore on my bresst; the same did otber women, and they even
threw some of this seed (semilln) on the firo in order that there
should be n tright light."” =

‘Hodge says in & note that " the present Pueblos before enting fre-
quently throw o small quantity of food into the fire."

*In former days the Kansa used to remove tho hearts of slain [oes
and put them in the firo as a ssorifice to the four winds,""

The offering: of victims to fire by the ancient Mexicans is well
known.

A fire sncrifice in the Shortlands, Solomon Islands, is deseribed by
Brown:

"“In building & large house for Gorai, ‘devil men,’ the natives took
pieces of the cooked euscus and other food and threw them with
prayer into s fire. This fire was required to dic out of itself. The
caremony is called sisifela.”*

To rouse or revive fortility, producing crops and food, “the expert
would eonvey the Hapu (the immatenisl, imaginary ermblem of the
material emblomationl post) to the anhi taitai, o apecially generated
topu fire. At this fira certain ritusl was rocited over the Kepu in
ordar to make it reatore Lhe fertility or productiveness of the land,
I‘MH'

BACRIFICH

This form of fire worship often presents strange phinses represont-
ing varieties of baliel sometimes diffioult to elassify, A number of
theso sucrifices uwre oxpintory. At a certmin season of the year the
Koroans seoured images of straw rudely shaped (o ropresent human
figures, male and female. Small coins were pluced in them snd they
wore thrown awny st s preseribed place, torn to pieces By searchers
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for the money, and afterward burnt, Humboldt states that steaw
efligies wero urnt at the Pasous pageant at Cartageny, Cubs®

In Tibet “there is also the sacrifice done by fire, and many things
are thrown intoil.  This i n long rite, and it is colobrated with songs
and music and much solemnity, but not often,” =

Bonvalot spesks of encamping in Tibet “upon fallow ground eluse
to 4 fine elm with an obo besido it. Under the shado of the tree is
a sart of altar, analogous to the o of the Romans, in the hollow
part of which we can see ashes and charcoal, odoriferous plants being
burnt npon it in honor of the divinity. Resting against the trunk of
the tree 13 & whole bundle of sticks with rags snd slabs of wood with
prayers written on them, while on the branches sre & numbar of akins
of lnmbs and goats in un advanced state of decomposition, which have
boen hung there as votive offerings.””

The use of fire in the skull cult smong the Dyaks of the Baram
River, Sarawnk, Bornoo, was observed by Dr. A. (. Haddon.

“The skulls were decorated with stripa of palm leaf, fod with bits
of pork and bamboo eups of spirit (barak); beneath them a fire is
mlways kopt burning; ull this to keep the skull fod, cheersd, and
wirm Lo insure good erops and other blossings." *

INCENEE

While smoke customs are general among the uneivilized Amarican
tribes, definite incense rites connooted with o more or less involved
religions syatem are only found among the vivilized. Beginning
with the Pusblo Indians of the southwestern United States, the eus~
tom reaches u great expansion in Mexico, Central America, Peru,
und other vivilized pooples of South America,

CLASERCA TN OF rewsgis W

I. Commumil or Gonoernl.

Stationary

{a) Tribaly, socieby, and family fireploces, fiese boxos, aud tire alters,

Beveral ideas are fnvalved in this division, sich na preservation and renswal
of firo for the health aod woll-belug of the larger nnd smaller soelal unit or reli-
gious orgunizations, as well ax the belugs themeslves: sacrifics to firn by various
oblations, with the ldea oF feoding, attrmoting, appeading, or bessechlng tha utisesen
beings, Thess and other unformulatod aets sssocinted with fre Have bees ohe
served throughoul the world among peoples of difforent dogrees of eulture.

(1) Great slone bralers, generally of hoorglass shape, erootod on masoury hasns
hofore temples or shrines. [Mexion)

* Mapgiveay s Tiombalil, p. 986
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Stopt bastta bome by antmal or human Sgaores placod st aloines. or escrod
mﬁhj {Chinpus, Yueatan, Mesloo; Costa Hinn; Hondurms; ssd Guate-
m

Circulnr sfones on short pedimunts or earvatides; “altam™ of wirines, in
tetnpiles.  [Yimlan and Hoodias,)

Ae) Lacge publory vessels of hovmlsss shape ormamented with masks, hanids,
knots, koobs, stil spitrs, and painted 1o colors. Plased an the slonn briclems
before templiss or al shrines:.  Essentindly Nahuatl,  (Nahuoail, Mexieo; Guate-
mala; Cosla Ries)

IT. Special.
L. Portable

{a) ' Braxiera of small aise nbodl in dwsllings. O various forme. [ Mexion,)

(#) Tripod cenmeni consisting of n bowl mounted on three spluyed feet, preservs
fng in gonomd the hourglas form: Set on the ground.  (Houthern Meszico:
Conta Rica.)

() Bowl copsors bearing amask and olher mudiments of humasn or anipasl
forms, a3 in {hn monotithic brasiors.  See T4 (Chinpos anil ¥ oeatan, Maxtoo;
Ghstemals; Costa Rio)

2, Gesture Censem

(a) Flaring bowla with midlmeudary handly and ggurs sepresinting olber fool
of tripod.  (Onxaea, Mnxico.) ;

(b} Chpenwork pottery tripod vessel, one leg of which s extended o form s
bandle  Haitle fert,  (Zapotee anes, seuthern Mexico.)

le) Spoon with truneated handlo.  Vestilation holos in bowk  Rudé. (Zapo-
Yoo nrea, southern Mexioo,)

Bu:;ﬂl spoonn with conymmthonal animed bandle.  (Southorn Mexico; Coata

() Tuooetise ladln consisting of o bowl voutilated with openwork pattern aud
having n long; hollow. handle contrining rattles and terminating in a ssrpost or
otbsr hetl,  Nalimt! form.  (Conimd Mexioo.)

(e} Tublne plpes for invensing the esoterle belogn and enrdinal polole  Pipes
in general cill ues. (Aucloit aond modern Tueblos and other Indisns, slso
worthern Mexico and sbhor Mexioan lomlities)

(i Cignretten.  (Mexico anid ansient Purblon.)

3, Swinging Consery
o} Consem introduced-from Burope,  Acoultuml. . (Chiapas speeimen, |
I Communal or General,

Htatlnnry

{a) The great musonry brasiers fooated before shrines nbout the teconitis, and
at various niber seorificial epots whom perpetnal firos were maintained and offors
Ihge eommimnnd were nob strledly Inpenss Burnses, though o tremtsd st times.
Ustially upon Ahem lving viollms wire lmmolated, amd 0 was tho eustom to
throw into Whe braziee fire the ashes and uneopaumed loeenss from the portable
eermem, togothor with the parmphemalin asd alferings which have hem employed
In eeremonies, The brasier was the sourve from whish lve coals wore Lukey o
ignite the thoenss In the land consors.

The offering of incense is almost universal. Tribes which have
renched a stage whero rectirrent rites aro obsorved, and where core
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monisls have attained some complexity, make use of this festure of
the fire eult, and below this grade of eulture individual or family nots
of worship often show the employment of incense or fire offerings:

While firo may be primury in regand to the vrigin of the ides of
incense, it beonme encondary as spplied to advancing cults; that is,
offerings wern not confined to the communal house or eamp fire, but
wero made on special hearths or in special apparatus.  Nevertheless.
no incense was so offeredd that was not ignited from o snered fire;
thut is, ona carefully prepared to insurs purity, and sscured from the
sncient wood drill, from lightning, lons, mirror, or other consperated
or supernatural source. New fire is kindled by the Lacandones of
Chiapas by wood friction for use in consecrating pensers and igniting
copal burned at that time,

Tho new fire is thought by the Lacandones 16 ba efficucious in hoale
ing sickness; the soot collection on palm leaves being the commmon
method, but u stono hoated in the fire and used to warm water renders
the latter a pannces for fever.

The phenomenn which sceompany combustion are so familiar that
the man of our times passes over the marvel of smoke; flame, and
nshes without analysis or comment. To the man of & cortsin s
of advancement we may suppose that the wonder of the Lirth, life,
and death of fire was u vivid reality; it is evident from a survey of
the widespread rominants of the fire oult that the steps of this mys-
terious physical manifestation impressed his mingd, determingd sn
attitude (creed), and predicted s course of setion {eult) in consonances
with the observed facts of fire netion.

The lore of smoke is extensive, smbracing individual acts and eol-
lective acta relating to fumigations both ssered and profane. Tho
ideas relative o the purification, healing, searing of demons, remoy-
g of evil influences, ete., effectod by smoke have boon in the minds
of voluries of fire worship in diverss countries and pariods, and it is
even probable that fumigations alluded to by Shakespenre in Muok
Ado Abour Nothing, whers u perfumer is ordered to smoke & musty
room, or whet it The Taming of The Shrew the command is given
“And burn sweet wood to make the lodging sweet," thers was also
involved some antique belief in dispolling bad inlluences which may
bo classed us primitive sanitation,

The use of smoke in worship, however, seems 10 have arisen from.
the obsorvation that this ghostly element of combustion dissplvad in
the uir, thus supplying n messenger to the unseen. It must not be.
forgotten nlsn that to unspoiled senses the odor of smoke would he
strikingly pungent und perhaps the most remarkable attribute of fire, .
o potent snd far-reaching means of calling the attention of supor-
natural beings, propitisting or frightening them. Tha Homeric and
Jewish ides was thal » sweel savor was plensing 1o divinity, and
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this appears to bo the most widely diffused idea connocted with the
mrning of incense in worship, while offerings to the fire which at one
time were customary may have been for the double purposs of pleas-
ing the spirits with incense and of foeding them. The offering was
consumed by the fire and dissappesred from humuan sight, thus being
analogous to the practice of throwing offerings into springs or
rvers.

J. N. B. Tewitt informs the writer that the Troquois used tobaceo
amoke Lo muka guthentic s petition, and states that in the Now Year
ceramony the life god, whose vitality is supposed to wane during the
year, presents s petition for restoralion, and in order to give value
to hi= petition  portion of the rite is marked by the burning of to-
baceo for this purpose. The solemn ceremonies also comnected with
the calumot may mvolve this idea. The calumet is passed around
in order of official sentority during the council, and he who holds it
nffirms his speech by blowing a elowd of smoke, Similarly, in the
‘ratification of peace the pipe was an important adjunct, without
which the terms would not be binding, It is probable here, es in
many other rites connected with the use of incense, that the smoke
ig dosigned to open communication with the spirit world by sttraet-
ing the attontion of the intangible beings. Mr. Hewitt sass, how-
ever, that it is the tobacco rather than the odor that iy offered as a
sucrifice Lo the deities; that is, thesoul, or the reality, of the tobasco
is what resches the gods. By means of separate acts there is o two-
fold use of tobaceo in a pence or other comwneil, the one to compose
the minds of the councilors snd the other to invoke the good will
of the gods to whom it is offered in sacrifices.

Incense was probably et first the smole of wood or of leaves, then
later selected, compounded of several materials, and made saerod by
rites. Tt was finally sought all over the warld, snd & commeres in
“Trankincense and myrel'” was one of the chiol ngenciesin bringing
a knowladge of the peoplo of the Tropies to thosa of northern sonss,

The incense from South Amerioa, wecording to Humboldl, was
from the feita gujanensis and feica tacumabaes. That used most
commonly in Mexico and Central Americn was the gum of the Pro-
tium heptaphyllum, called copal by the Spanish. This treeis wlso near
Bursera, from which gonus the most precious incense gums of the
world are derived.  “The Mexicans and all the inhabitants of Now
Spain made usa (which they purstio vet somewhat to-day) in their
offerings of that incense of copal,a kind of white gam which thoy
vall copalli, for inconsing their gods. They had nov recourse to our
truo incense, bocanse it waus not found in their country. It was copal
that the sstraps used in the templs and averyons in the private
houses; as we have said above.' Tozzer states that the sap of the
rubber tree was nsed by the Lacandones. The wood and leaves and
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ond the resins of the pine trees in Mexico had important cull uses,
Pine needles are usod as inconss by the Hopi, as they are by the
Tibetans, )

In the descriptions of the home life of the Mexicuns transmitted
by the early chronivlers il is stated that vuses fillsd with smonlder-
ing incense diffused thoir perfumes throngh the rooms, and oumerous
mentions of such nssge give the impression that it was customary
to burn odorous substancos es s matter of rofinoment and for personal
plassuce, just as the use of tobaceo became seculsrizad.

NEW FIRE

One of the most interesting survivals of the crude philosophy which
apparently developed anciontly concorning fire is the new fire. This
philosophy was based on the observed Lirth, growth, and deeay of
animate and inanimate things. [L may be called the pre-evolution-
ury theory, The Mexienns transferred this ides to the life of the
gods, whe must be assidupusly nourished, and to the sun as chief of -
the gods.  Out of this ides grew sll origin ideas, the golden ago snd
the fall of man. It was conceived that fire grew old and ineffective
for the preservation of the well-being of the family, and, by extension
to the sodinl group or tribe, The family fire wis always regarded
with superstitious reverencs which hed survived from times of the
highest sntiquity, » fragment of the sttituds of man townrd the pritn=
itive fire a8 an swe-nspiring phenomenon, Based on the philoso-
phy of the spiritual decay of fire, & widesproad custom sprang up
which roquired the ronewal at stated intervals, usunlly one year, but
sometimes longer, as nmong the Mexioans.

The kindling of new fire is, or reoently wus, almost universally
practiced by the triles of men, So widely epread is the conneplion
of new fire that one may surmiss its inheritance from & common cen~
ter before oue of the groat migrations.. The ides is antsgonistic to
to thut of porpetunl fire, in fact it causes the total loss of fire, & con=
tingeney jealously guarded ngainst hofore the invention of metliods
of making firo artificially. In this light we may nssert that the new
fire was posterior to the invention mentionod.

Some notes, sdmittedly few of the grest number, show the new
fire practice in the major divisions of the world,

“Formerly when an epidemio prevailed among the Iroquois despite
the efforts to stay it, it was oustomary for the principul shaman to
order the fires in svery eabin lo he extinguished und the ashes and
cinders to ba earelully removed; for it was belioved that the pesti-
lance was ssut as n punishment for neglecting to rekindle ‘now fire;*
or beeause of the manner in which the fire then in use hnd beon kin-
dled. So, after all the fires warn out, two suitable logs of slippery
elm (Ulmus fulva) wers provided for the new fire.  One of the logs.
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wis from 6 to 8§ inches in diameter and from § to 10 feet long; the
other was from 10 to 12 inches in dismeter and shout 10 fest long.
About widway nervss the lurger log o cunciform notel or out abous
6 inches deep was mnde, nod in the wedge-shaped notch punk was
placed. The other log was drawn rapidly to and fro in the oot by
four strong men chosen for the purpese until the punk was ignited
by the friction thus produced.

“Bators and during the progress of the work of igniting the fire the
shaman votively sprinkled fear-hu-en-w0e, “real tobaceo,” throe several
times inte the cuneiform noteh nwnd offered earnest prayers to the
fire god, beseoching him ‘Lo uid, to bless, and to redeem the people
from their calumities,’

The ignited punk was used Lo light s lsrge bonfire, and then the
Lioad of every family was required to take home ‘now fire' to rekindle
& fire in his or her fireplace.” =

AL the suerifice of the white dog, whith was tho New Yenr's fes-
tival nnd great jubiloe of the Iroquois; the proceedings extended over
#ix days. * * * The firo was kindled by swiftly revolving, by
means of u bow nod cord, an upright shaft of wood with a porforated
stonn atlached to it as a fly wheel The lower point rested on a
block of dry wiod, surrounded by tinder, which was spoedily ignited.
This is the ordinwry process still in use smong many of the Indian
triboes,'™

The Oherokes (Iroquoian) st the nonual eorn dance obtained new
fire from one [reshly kindled in the town house®

Onece u year, shout July, the Crecks put out all the fires through-
oub the nation; they fasi the next two days, then the fire is lighted
again nedording to their old fashion by drilling with & hard piece of
wood on & saft one till it ostehes, which soon happens: thus all the
fires are sgain lighted and universal foasting emsuns.™

In the Minitarse Green Corn Dunce, 8 coremony of mjoicing in
the maturing of crops practiced by many North American tribos;
porn 18 boilod on the fire, which is then pui out by removing it with
the nshes and burving them. New fire ks made by desperate nnd
puinful exertion by theeo men sentod on Lhe ground fucing each
othor and violently drilling the end of a stick into a hard bloek of
wood by rolling it between the hands, ench one eatehing the stick in
turn frone the other without dlowing the motion to stop, until
smole and al last n spark of fire 32 seen and caught in & piecs o
punk when there is great rejoicing in the crowd,*

Wl N, W lawitt Aeser. Anlbrep, val % Jenucry, D, p, 10,
#lir Dumisl Witses. ' Pro-THistorss Xan, vol. ), London, 1862 p. 135

o Javren Mlpcnny. Amer. Amthoop., vol 5 iR, p. 107,
& Ywmord Hemmame A Conniss Watara! flistory of B apd Waat Flathis, ste, vl L4 p W
" Oeargs Cullin. Ropl. U. 8. Nud, Musd, IS5, p, 815



140 BULLETIN 130, UNITED STATES WATIONAL MUSEUM

Frunk Cushing once told the writer that the now fire which s
lighted in Zuni onco  yosr, with the widesprend suston of xtin-
guishing wll other fires previously, must be kindled by & man who hiss
beon struck by lightning: This man is s priest of the bow,

The Hopi Indians of Arizona observe an elaborate rite callsd Now
Fire Coremony, more complicated in its primitive desmatizstion
than sy of the uew Bro rites known, The ceramany revolves
around the moking of new fire, but lacks the distritution o the
domestic hearths. The fire instend is cast away in a speoinl rite
which is part of the ceremony, and is apparently regarded too sacrod
for vrdinary wses.  Even the ashes are carefully romoved

In Mexico the new fire was a great national eeremony.  On e ove
of the fire kindling the peoplo sat in their houses full of fear that the
priests should not ho able to grind out the spark, and that the pods
should render thom fireless,  The rite was porformed st the Hill of
the Star and from thenee. the new fire was onrried Lo tho heartls over
the country. Sahagun says:

“When the fire was made the inlisbitunts renewed their installa-
tion, they gave grent fousts and rejeicings, throw on the fire much
meense and incensed their gods toward the four cardinal points
with their consers of Lerra cotts in the midet of the'oourts of their
habitations,''™™

The Nuhuas made s new fire for a differont purpose: " Signal to
open battle wes given by the chief priests hy making new fire god
by blowing in their porto-voix, "%

The new firo and saorod firo was kindlod in ancient Peru.  “Each
year at the sutumnal equinox & 'new fire’ wns kindled by callscting
the sun's rays on a burnished mirror, and this fire was kepl alive
through the year by consecrated maidens (acllaewna) analogous to
the Roman vestal nuns. Theso vestals Hived in convents pregided
over by matrons (mama cuna). I the fire happened to go out it
wis an evil omen.  If & nun broke her vow of chastity sho was buried
alive, ! just as in Rome. They wern Lrested with much deference;
ench templo of thie sun had & convent connested with it; the vessals
were Lhe sun's wives: the lnen was topresentative of the sun Vira-
<coohn,'"?

In Eurape we find many reforonces to new fire customs, aneient
and mndern.  There wera no coremonies comparablo in detail with
those of Americn, but there wers more folk customs s0 [ar as is
known connected with the use of tho new fire, In partieulsr wre

WY, Walter Faewkes ‘The ‘I'usyan Hew Fire Commany. Pioo. Douten Aie. Mab. Hisk, v 2, -,
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noled the employment of the vew fire for the benofit of crops, animals,
and for prevention of dissass. Theso instances are most intemst-
ingly incorporuted in Mr. Frazor's Golden Bough, to which scholars
miust refer,  Neod firo, as new fire s termed in European countries,
appenrs 1o bo derived hum.iuglu—ﬂl.‘mn “gridan,’’ to rub, ovidently
referring to the requirement of securing pure fire from wood friction,
Apparently the sncred fire of the Druids was s perpetual fire from
which, whan all house fires were extinguished, they were rekindled
on o certain day.

In Jupau the fire leatival of Kyoto has some of the elements of the
now Hre, but purticularly is concerned with the perpetustion of u
sucred fire which is thought Lo have been kopt burning for 2,500 years.
All eeremonials touched with the genius of the Jupunu:tu are mueh
alaborated, and becoms diffioult of comparison with those of other
eoutirics.

Among the Tauynls of Formosa new fire is made Iy the chisf, who
ahuts himsell in a house to perform the ceremony. This tukes placo
on New Year, which comes at the beginning of harvest:*

In Africa, while there are fewer observations; the new. fire custom
ts prevalent. The M'Bamba Tribe of Angols in time of pestilonoe
“ab Uhe first rains put out their fires in the village and the chiol goes
oui. into the bush to start now fires by rubbing two sticks,  Inecatoh-
ing the fire he uses tinder, The people clear out all ashes und take
them to Lhe cross trails and soatter them, together with ne grain of
all the pl.nnl'.u that they grow. Then they go out into the bush where
the fire is being mado, and the medicine man gets green shoots from
the ends of branches and ptits them in an earthen vessel with water,
anid all the peopls come and wash themselves in it.  He then selects
® certuin tree, peels off the bark, pounds it in w mortar, and wll the
people smear themselves with it in purification.  Everyone bhen tnkes
part of the fire made there and goes home.!

In central Afried it is a custom after the birth of & child that the
fire 13 put out in the houss nod eekindlod.*

On o death the Thongs of South Africs, ¥ without delay the fire
which waa burning in the funeral hut is removed and carried onto the
squnre, It must be earefully kept slight, This is a taboo, Should
there be rain it must be protected.  All the inlnbitants must use
this fire during the next five days, It will be put out by the doator
with sand or water on the day of the dispersion of the mourners.
He will then liglt & now one and evéryone will tako from its embers
to kindlo his own fire in tho different huts, 1t is ane of the condi-
tions of the purifieation of the village."*

*isformation by ®, Ll Macch, 191D,
* Infurmntion by Rov. Well Chalsiain.

ASichiman:  Mit Emin Patiba in Hert v Afriks,
¥ilwmry A, Juiod T Lite of m Bauth Alrimn Tribe, vol. 1, 18I0, . 152
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PERPETUAL FIRE

Thero was thought to be mueh virtue in the perpetustion of fire.
Many cults, ancient snd modem, kept up firs albars with jealous care
lest the precious guardien of the well-being of the peoplo should
go out nnd csuse various drended calumities. In this custom has
been soen the iden of the mssociation of the continuity of life
with the continuity of fire, In ancient philosophy (his effort at
rationnlization often appears. It is » normal generalization to
nssociate warmth with life. On the other hand, it is allowable 1o
se@ in Lthe perpetustion of fire a-survival from the poriod before the
wrt of making fire artificially was known, whon the pressrvation of
fire was essontial. This is the opinion of Mr, Frazer and other stu-
donts. So often is the custom of perpetunl lire met with in stodies of
all uges and tribes that whatever its origin or idealization it mast bo
regurded as & central phenomenon in man's sssociation with fire,
While the cult of perpetual fire is dedicated to o certain being or to
many of the spiritusl world, the family fire partakes of some of ita
characteristics. In folk eustoms the long-maintained fire has been
perpetunted up to the present.

“In the middle of the hut of the first chief [Thongs, South Africa)
a perpotual fire burns, und it must never be allowad (o go out. It
must be fed with speeial wood provided by a certmin clan. Tt is ta-
boo to take embaors from this fire.  Should it go out it musi be care-
monially made by rubbing two sticks by the magician, The hut
and chiof's wife, keeper of the saored fire, are taboo," !

The Osage Lndian sacred five is in the house of the chief sod is
placed midway betwoen the two doors,  Fire tuken therefram by the
pecple to start their house fires was thought of as holy and as having
power to give Life and health to those who nsed it. It was ealled
the gentle or pesceful firoplace, in contrast with seven fireplaces of
each of the thres divisions which were dedicated to war and nssoci-
sted with violenco nnd death.! This fireis not in the eluss of por-
potunl fires, but the term sacred tire is figurative.

The Pueblo Tndians of Now Mexico and Arvizona do not maintain
the perpetunl fire, and there is no reliably evidence tlat thoy ever
did. Writers have attributed the custom to them on sccount of
supposed similarities of thes Pueblos with the Mexicnns, and st sn
era when the romantic sura of Montezums elothed everything
Pueblo. By misteanalation of the Spanish word estufa applisd to the
meeting place of the elan fraternities it bocame smong other things,
which it is not, n bathhouse, The firoplace of the estufa or Hopi
kiva s us often cold ns not, fire being luid on it when coremonies are

! Mxtroeted from Tha Lile of o Suulh Atrissn Teibe ol 1, 504, poasd
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in progress or on special eccssions. The Pueblos had o well-level-
oped fire cult, now mueh deeayed and obsolete, but their practices
were magionl, and perpetual fire was absent. The discovery of s
prehistorie “firs temple” st Mesa Verds in connection with cliff
dwellings by Dr. Walter Fewkea shows the fire cult st its zenith, but
does not render it possible Lo say that perpetual fire was an eloment
of this eult. I the perpetunl lire was ever u Pueblo imstitution, thess
tribes have now sdvanded to the belief that fire rubbed ceremonially
from the two sticks is adequate for the purposes of worship.

The sentiment of the perpetustion of the lamily fire which serves
to conneot the pask with the present 18 uncovored in the custom of
many persons who still carry an ember from the old house to the
new when changing the dwelling place.?

STRANGE FIRE AND PURE FIRE

The ides that fire eould bo contaminated and that there wore
various grades amd elusses of fire is of early development. T iy
represanted in the innymerable taboos guiding the manners in respect
to attitude toward fire.

Thus it ia forbidden for n man Lo gpit into u fire; he would wither
and dry up'soon.!®

It is forbidden to point a sharp instrument toward the fire and to
burn certuin unworthy substances in the fire,

Wild fire and strange fire are torms applied to fire that does not
comply with cartain regulations which purity prescribes. Fire which
has been stolon from a family bearth is of this class, as it becomes in
ﬁ..n‘h:nﬂ bands the means of practicing witoheralt barmful to the

¥.

In contrast with strange fire wo have pure lire, The length to
which the process of obtaining pure fire was earried is observed by
the customs of the Persian fire worshippers, who held that the purest
fire was that of lightning, which came from the clouds.  The strong-
et fire, which kills all demurs, is compounded of 15 differant fires.
Tha fire sticks wore venornted, and Atharsvan or fire priest tndo
the sacrifices.. This fire was not to be contaminated by the breath
of the priest, who was compelled to wear n white cloth over his face
when sacrificing.

The Hindu customs were similar and ropresent un extremely hur-
densome process in obtaining pure fire.

The enigmatic statemont in the Bible as to the offering of strange
fire lins never roceived explanation. *'1. And Nadab and Abihu, the
sops of Asron, took either of them his eensor, and put fire Lhorein,
and put ineense therdon, and offersd strange fira bafare thi Laord,

Y ntormation ry M Aails Leug, Janasry. Wit
Akoorgs Trewn. Malusmine wod Tolyussloo, 1000, p, 20
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which he commanded then not. 2. And thers went out fire from
the Lord, and devoured them, and they died befors the Tard,” v

It is possible that here i= an example of the infraetion of the regu-
lations s Lo pure fire, although so far as the text goss the offering
was made in the customary manner,

A reversion to first principles and u clear statement of former pitre
beliefs was & feature of the Ghost Dunes religion promulgated among
the American Indisns several decades ago. It was proscribed that:

“They must have done with the white man’s flint and steel and
cook their food over a fire mado by rubbing together two sticks, and
this fire muat always be kept burning in their lodges, as it was o sym-
bol of wternal life, and their care for it was un ovidence of their hesd
to the divine command." ¥

This command was observed by most of the tribes and had much
to do with the perpetustion of the knowledge of the metlod of fire
muking by means of two sticks,

RONFIRES, ETC,

There is & lurge cluss of fire observances of almost universal prov-
ennnce. Reference is here made to honfires kindled for various
motives, the husis of which is superstition hamded down from the
pust.  Frazer in The Golden Bough' cites numerous instances, and
their application to their supposed henefit to ngriculture and in gen=
rral to the social organization.  Uncivilized tribes holding coramioniss
ut might make a chiof feature of the bonfirs, nround which they danee,
A good example of this is the Navaho night chant with its weird and
picturesque lire dance.!

Among civilized peoples aome such observances have degeneested
into an expression of joy or o form of exaltation, and such bonfires
nre called by the French feu de join.

In the Ghost Dance of the northern Cheyennies, ‘“four fires ware
built euiside of the dance circle and about 20 yards heek from it,
toward each of the eardinul points, These fires were built of long
poles set up on end, eo s to form a rade cone, much as the poles of
 tipi are erected, The fires were lighted at the bottom, and thus

mude high bonfires, which wers kept up na long ns the dasce
oontinued.' 14

LIGHTNING—SUPERSTITIONS AND CUSTOMS

The attitude of man towsrd the smazing phenomenon of lightning
I its origin in lear nnd a desire for protection from ite effects. The
i Laeitton 51,1 -
# fames Mamwy. J0th fpL 0 Ann. fepr. Niur. Amer, LA R
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two idoas of propitistion snd veneration also enter into the attitude.
A theory of the origin which is » causational myth sttributing light-
ning to some intangible beings and the strokes to some materinl ohject
us i ¢oly; s worlcod out. Fetishes and formules for individual and
genral protoction and ritunls fur removing the bad eonsequonces in a
superstitious sense origingte in groat number and varioty. Asto the
beliefa and custams of sarly mun with respect to lightning there oan
be anly conjecture, and suggestions on these points may be advancad
by observations on the uncivilized races. 1t is believed that light-
ning was more eommeon in the glacial period then now. 1M this be
80 it i evident that there = & greal heritage of fenr of lightning in
the ruce.

The eustoms in regard to the sotual stroke of lightning are very
interesting und point to sevoral lines of study in the research on
firo.
Lightuing taboo is observed among the Apache Indinns, who will
not est an animal that has been struck by lightning.*

Qapt, John G. Bourke says that the Apuche mado talismans of
lightning-struck pine, cedar, or fir from the mountsin tops. Also, o
phylaetery éxamined by him had asmall oross of lightuing-riven pine.
Tt was ealled “intehi-dijin,'” the black wind.*®  Captain Bourke “was
led ta bhelieve that the rhombus of the Apache was made by the
madicine men from wood, generally pine or fir, which had heen struck
by lightaing on the mountain tops. Such wood is held in the highest
estimation among them, and is used for the manufacture of amulets
of eapocinl efficacy.” "

For the [Zuni] scalp ceremonial they (the images) must ho made
from nshekin (Pinus ponderosa) that has been struck hy lightning."*

The Omalia say when lightning hits & tree, “the thunderbird hes
lit on the tree.”” The symbolism of lightnimg lines drawn down the
artn was known to the Omaha. The initistion of a boy into the tribe
was by u ceremony. A ball of griss was hurled Lo the ground at the
close of the ceremony and made to burst into flames, symbolie ‘of
lightning. These Indians conceived lightning as feeding on green
wood and loaving & worm at the root.™

The Cherokees think mysterious properties sttach Lo the wood of
w troe which has been struck by lightning, especially when the tree
itself still lives, und such wood entors largely into the secret com-
pounds of the conjurers. An ordinary person of Lhe laity will not
touch it for fear of having erncks come upon his hands and feet, nor

FE. Palnr, Auwr. Nal, vol. 12, R p T2
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is it burned for fuel for fesr that lye made from the ashes will cause
comsumption, In preparing ball players for ths contest the medicine
man somotimes hurns splinters of it to conl, which he gives to the
players to puint themselves with in order that they may be sble to
strike their opponents with sll the foree of a thunderbolt. Bark or
wood from a tree strock by lightning, but still green, is beaten up
and put into the water in which sands are sonked befors plunting, 1o
insure a good erop; but, onthe other aod, suy lightuing-struek wood
thrown into the feld will cause the erop Lo wither, and it is balieved
to have s bad effect even to go into the field immedintely aftér hay-
ing been hear such a tree®

Prof. O. F. Cook, of the Department of Agrieulture, who returned
from & journey in Liberis, gave the writer u most interesting aceount
of & enstom of the Gales of that country. The Golas apparently do
not use fire sticks, but preserve firo carefully. When fire follows &
stroko of lightning they hasten to seeurs n light from it, and putting
out all the fires in the village, kindlo thom sgain from the now fire.
Lightning 18 very common in the Gola covntry, where in certuin sea-
sond there are five or six thunderstorms in one duy. I regard thia
one of the moest important contributions to the question of the origin
of fire, and it shows the unexpocted sttitude toward the fire from
lightning,

Customs concerning lightning smong the Bahusna Tribe of the
Congo are given by Torday,

“"Burial —A dead muan is burisd with his face to the west in
sitting position, and with him his elothes and woapons, with some
food and palm wine; if he was & maker of palm wine his implements
are burisd with him. Womaon are buried in the suime manmer, but
their pota are buried with them, wherens in the case of & man thoy
are broken on the grave. A man killed by Lightning is buried full
length on his back. Men in mourning paint the forehead bluek,
womuon the whole face:

" Explanation.—There are two noncorporoul parts of u man, the
“bun’ and the ‘doshi’; all erentures have the latter; it leaves the
body in dreams, and after death hangs abont in the air, visits its
frionds, haunts its enemies, and so on} animal and fotishes have
“doahs " but to * bun'

“The ‘bun’ disappesrs st death, but it is saidl to enter the body of
& lu.rga animal if its owner has had any letishes: & man without
fetiahes can cuuse his 'bun’ 1o appear 1o his friends in the form of &
vaporous body. If s manis killed by lightning his * bun ! is destroyed,

but suieide does not affect the eantinumd existence of the *bun’ and
the *doshi®,

E;Jun- Mpotmy, Myihe of i Chwrphen, 100 (DL 1) ARD: Hepl, Duf. Amaciean Eiheol, 1000, p1.
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“I did not hear any Bahuana stories, but somo of their mythical
ideas are curious. They say that lightning is & cat which lives in
the clouds and comes to earth when it is hungry to eat & tree or man.
By tho sido of this their explanation of the rainbow as n big snake
is commmonplace; they say it feeds on fish and shows itsull sometimes
when it has had enough to est.”®

The Parsee regurded ns the purest fire that of lightning, whick
camo from the dlouds. The aacred fire was kindled from fire by
lightning whenever opportanity offered.

The Circessinns venerated the tree struck by lightning. Beneath
such & tres the criminal found refuge. *

Pom K. Soh, & highly educated Korean, informed the writer that
in Korea lightning-struck wood was used for sword hilts and s charms
against evil spirite. He said that the popular belief is that spirits
take refuge under troes and are killed by lightning. People are ad-
vised to take off their large hats during a storm for the same reason.
Aunother belief is that bad air which brings on disease is purified by
lightning.

The Japuness, necording to Lafoadio Hearn, regarded thunder s
an gnimal which rends trees with its claws. The wood of a lightning-
struck tree is & cure for toothache,

Beliof in the tangible evidences of the lightning stroke is offered by
the almost nniversal superstition concerning thunderbolts. The
gowitler stein, lightning stone or wodge that splits the trees, of Ger
man Canadian folk-lors, may be tsken ss the type of implement.
The eonception is of s wedgs, a tool capable of riving, hence stone
- colts of ancient workmanship are given the name thunderbolt, as
piedras del rayo, applied to the celis found in portions of the West
Indies. Among the Thonga of South Alriea:

*“Lightning is ealled ‘Lihati® (li-tin), and is said to be cansed by &
bird callod ‘ndlati’ (yi-tin). Thess two words, etymologically speak-
ing, seem to bo related to each other. They possess the feminine
suffix ti, which is met with under the forms eti, ati, oti. This hird is
also called *nkuku wa tilo' amongst the Ra-Rongs, the cock of
henven, or “psele dja tilo,” the hen of heaven, and magicians know
how to determine its sex when the bird hss fallen,

“The thunder is attributed cither to the bird itself, or more fre-
quantly to heaven. The proper expression for ‘it thunders’ is ‘ tilo
dji djuma,’ ‘heaven roars.’

“In the northern clans those who practios magical arts add
many other particulars to the story, some of which may have been
"B Tordny. Cumpand Tramp bn Arisan Wikds, g ITi, New Vork, 18501085 Philudslihis, 912
ME Haclis. Umivers) Geepraphy, Fid, e,
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borrowed from the Pedi magicians, who seem'to possess a more com-
plete explanstion of the phenomenon. According (o them the
‘ndlati’ (Pedi, daki) is u bird of four eolors, green, red, black, and
white, which lives in the mountains, preferably at the confluence of
rivers, The medicine men of former times knew its hiding place,
and had even found the eggs of the bird in & nest floating on the
water, When a thunderstorm breaks the bird flies to hesven into
the clouds; there may be scores of them, but one only will be dan-
garous (lebya) and cause death, It rushes down to the ground,
strikes i tree on its way, tearing its bark and its wood and throwing
it down: or it falls on o hut and burns it, or on a man and kills him,
Having renched the soil the bird can be caught, and 1 heard people
seriously asserting that four of these, unable to fy, had been found
the previous year in Sikororo’s country., Or the bird enleps the
ground to & depth of 2 to 3 feet and remains there in its own form,
or (this is the most common saying) deposits ils urine (‘ murundjn”),
which has already caused the flash of lightning, and flies away hack
to tho mountsins. The magician who understands ‘ the treatment
of heaven' comes and digs st thespot; there hp finds a kind of gelat-
mous substance which solidifies after a little timeo, 1 possess u little of
this eurious drug, given to me by & Pedi magician, by name Mud-
jumi; it resembles a piece of chalk and is considered very valuable
on nccount of ita rareness, nnd beeause it helps in the manufagture
of the wonderful medicine of heaven. Should a villuge have been
struck with lightning the magician of heaven will vome und dig out
this foreign body; if hefinds it the taboo is removid.  If hie does not
the whole village must move to unother place, In the same way, ib
ia tuboo to warm onesell at 'w fire made of the wood of a tree thait
has been struck by lightning or to use it as Tuel,

“Happily this dremdful bird can be prevented from killing snd
burning by masgicinl means, Both the Pedi Mudjumi and the
Thongs Makesane possessed the enchinnted flute by which they
soulid foree heaven, or the bird of heaven, to spare them. Mudjumi
having sold me his flute, I ean deseribe it ot leisure. 1t is made of
n hollow bone & inches long, covered with Varan skin, filled af ita
larger extremity with s hlack substance like wax. Inside, to keep it
clean;, there is a vnlture's Teather. The bone is-eaid to huve boen
taken from the *ndlati’ bird: the wax substance has been made from
powder obtained by drying up snd pulverizing a little of the heart,
the eye, the bones, the feathers, and the Aesh of the bird, In the
wax nredmbedded three seeds of Abrus precatoriug, the ' licky beans'
well known in South Afnes, a round seed of & splendid coral color
with & black spot, very much nsed in Thonga magic;  This sddition
of Abrus precatorius intensifies the sound of the flute and ensbles it
to resch heaven, The magician, seeing the thunderstorm approach-
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ing, climhs up the hill without any fear, blows in his flute- paes . . .
psoe . . . psee . . . and shouts ‘You! Heaven! Go further! [
have nothing against you! T do not fight sgainet vou!' He sy
add in a threatening tone: *If you are sent by my enemies sgainst
me, T will eut you open with this knife of mine.’ The thunderstorm
will then puss awny,'"3

The myth of the thunderbird best developed or best described
from the northwest psonst of America can be traced among tribes
from several other localities. The conception is of  huge bird riding
the storm and hurling bolts, which aro fishes concenled in jts plumage,
It would be ensy to see in the thunderbird o personifiontion of the
starm cloud.. 1f the man esgle of the sky, s Hopi myth, belongs to
the thunderbird cyele, the bolt motive i omitted on aeeount of
others explanations for lighting, Lightning is & province of the
Manitous of the northern pluing and northesstern tribes. Some re-
semblances appear here to the thunderbird.

Somewhat sdvanced beliefs as to the origin of lightning appear in
the mythology of the tribes of the southwestern United States and
Muxico. Herrars, writing of Mexico at the period of the conquest
snys:

“And belioved that thunder and lightning were living ereatures
that ewme down from heaven, and when o flash of lightning killed
muybody they said the gods were angry. '

Aninterpretation of the Mexican belief cited ix probshly to be seen
in the belief of the Zuni Indians of New Mexico. The Zuni myth of
the twin gods of war, children of the sun, represents the pair stoaling
the lightning, o perquisite of their father, and having sport with it.
The lightning is represented as s ball rolled along the elouds.™

In the denmutizations of natural phenomenn the Hopi nt the
beginming of the Snake Ceremony whirl the rthombus ar bull TORTER,
simulating spparently the storm. The vane is psually painted with
# migzag ling, which is the symbal of lightning among all the Pooblos,
The Zuni and Hopi represent lightning in their ceremonies with an
extonsible rackwork headed- with an arrow shape. The sudden
darting out of this device is very sturtling. Among the Pueblos
lightning is regardod as having both & goot-working and bad-working
effect.  The Hopi are ploased when lightuing strikes in their fields,
i thoy believe that it fertilizes their crops and makes the vield abun-
dant.  The conteary is trun when lightning striles the pueblo, ns will
be shown Inter. The Puchlo have the most extensive symbolism of
lightning. The symbel appenrs on religious paraphernalia, is painted
ou pattery, s woven in textiles. Lightning is assigned to the four

WA Junid. The Lim of s Seath Afriean Tribe, vl 2, pp, 80-352, Nemehutal, 1810
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or more eardinal points wocording to Pueblo geocentricism: Tt s
associated with clouds and rain.  The Zuni kave a cause and effect
symbol representing the rain clouds of the four quarters as high ter-
raced black cumuli arranged as the swastika, In the angles strike
lightning, depicted as arrowheads, and at the center is the body of
water stored up from the resulting rains, From the borders of thia
figure spring sprays of vegetation.

As to the maleficent effects of lightning thero are many beliefs eall-
ing for special observances. Among the Hopi whon a houss is struck
by lightuing it is necessary o hold & ceremony; it is conjectured that
its infent is to remove the bad influences or to set the pueblo right
as to the proteotive beings. This ceremony was under the control
of the yaya or fire priests, whose orderis now extinet. Unfortunstely,
no scientific observer has seen the ceremony and there is no record
of the observance. The lust ceremony was held over s blasted
dwelling sbout 20 years ago.

Among the South African Thonga:

“H lighting strikes the “hube’ it is & very bad omen. The medi-
cine man, who hus the power of ! treating the place struck by light-
ning,' is called in. Should he be able to exhume from the ground
the mysterious bird which couses lightning, or at lesst the
congulated urine which it has deposited, and which is ocalled
heaven (sea Part V), the people are allowed to stay. But il he does
not discover it deep down in the soil the village must move, as the
presence of the mysterious power of hesven inside the circle of huts
would Lring disaster. This is a taboo."

A widely spread folk belief in Europe and America 18 thet sweet
milk is efficacious in putting out a fire started by lightning, The
writer has seem this custom in practice. This bit of folklore has
probably & very ancient origin, which Mr, Frazer could delightfully
inveatigate.

As to charms, fetishes, and observances to insure protection from
lightning, from Junod's work above cited is quoted:

“'The sala and the kwakwa are two species of the genus Strychnos
(perhaps one of thom is the Strychnos spinosa) which furnish ehem-
ista and poisoners with the well-known drug stryehnine. Does the
fruit contain any proportion of this substance?! 1 do oot know. It
has never been known to kill anyone, although it may be the cause
of many intestinal troubles which naturally result when the natives,
having no more maize or sweet potatoes, live on nothing but this
particular fruit. Strange to say, the kwakws stones are eredited
with the power of attracting lightning; the old women say that when
making ‘nfuma’ these large white stones must never be allowed to lie in

# TLA. Jamed. ‘The Lie of n Botith Alvissn Tribs, Loodén, 1013, p. 280
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a heap in the open air; lightning would surely strike the village were
any such imprudence committed. It is a taboo."*

The Botooudos Indisns of the Rio Doce, Brazil, have a curions
custom. ‘“‘During a thunderstorm they shake s hurning brand and
shoot arrows toward the sky to appesss, by imitation, the powers of
the storm.”* Might the elassic story of Ajax defying the lightning
have such un interprotationt

Maore reliance is placed on charms in most parts of the World. In
Japan salt is a charm sgainst lightning. Visible tokens or fatishes
are most common, and some of thess incorporate ssveral protective
ideas. Thunderstones are widely belioved to be a protection. Soms
years ago Dr. Edwin Kirk secured rubbings of supposed coins or
medals found by s miner in the interior of Alusks. The rubhings
were gent to the distinguished oriental scholar, Dr. Berthold Laufer,
of the Field Museum of Natural History, Chicago, [linois. An
extract from his letter follows:

“In regard to the two Chiness objects found in Alasks, they re-
present smulets in the form of coins, which are worn for porsonal
proteetion.  One, which T numbered A on your rubbing, shows on
the obverse the 12 animals of the zodisc, sccompanied by their names
in' Chinese, which are identical with the designations of the duode-
nary oycle. The reverse shows the eight pu-kua or trigrams andisntly
veed in divination, each provided with its Chiness name, The same
design oceurs on the reverse of the other charm, which I designated
B. This charm, os shown by the inscription on the ohverse, was in-
tended as a protection for the owner from lightning strokes. Thess
ehinrms emanate from the notions of Tavist religion and are supposed
to have been written by Lao Kiin, the founder of Taoism, who ad-
dresses the god of lightning that ba should only hit the demons and
spare the wearer of the charm. An original of this charm is in the
eollection of this museum, A great number of such charms are
illustrated nnd described in the new book of H. Doré, Superstitions of
China, published in French and English by the Jesuits of Sikhawei.
If you should desire more information on this suhject, please lot ms
know and I shall bo glad to respond. Both charms were cast under
the Munchu dynasty, but it Is hmpossible to ssign to thom a fixed
date.”

The Hopi Indians tie two stone arrowheads to a little smulet of
fiber and nse it as o charm against lightning.® The arrowhead prob-
ably stands for the colt or thunderbalt,
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RAIN MAKING

Fire enters extensively in the many customs vonnooted with rain
muking, The chief ides hers is the association of lightning with
riin atid the similarity of fire and lightning, thus pointing Lo fire ps
& valuable ngent in producing rain.

From Junod's thorough work on the Thonga of South Afriea, the
following extracl gives an ides of the working of the primitive mind
that by simulating clouds with smoke and lightting by fire, tain may
be made to fall.

“ Having come back with the precious charm, when summoned by
any chief to act as rain maker Mankhela employed it in the follow-
ing way.

""He first ssked the ehiof to kill u black goat or sheep (b hi—goat
or & ram il the hones said s0): the lead, st sny rale had to be%ilack.
The heart was pierced with o punchoon and the blood flowed, He
curefully washed the horns with the blood and smeared them later
on (horala) with the ‘psanyi’ found in the intestines of the snimal,
Then he took his nisiko, viz, the two pieces of wood which seted es
his fint and steel, poured a little of the powder into the notel of the
fomals stick and made fire by the rapid friction deseribed on page
33. In the meantime Mankhelu was pruying as follows: ‘ Here are.
the drigs Rivimbi of Tsome (Rivimbi's father): Giveusrain.® Then
he invoked lis own gods, saying ‘Go to Rivimbi for me and come
nlong here all of you to make the rain fall” This performanes is &
‘mhiamba,” n means of calling the gods, especially Rivimbi, *the
master of this mhambn." After n while the wood began to burn;
leaves of the "nembenembe’ bush (Cackia pelersiona) ware pluced
on it and a black smoke rode and ascended to hesven, Then the
clouds sppesred nnd goan e thunderstorm hroke, A Testher of the
ndlati bird of lightning was put smong the leaves ss n protection
against Lthunderbolts.”

From the same source are native heliefs as to why min is provented
from [alling.= _

Tho Sants Barbam Indians at San Buenaventura, Californis, pos-
sessed a min-making charm stone which they placed centrally on s
primitive altar, and one of the things they especially praved for was
rain {o put put the fires m the mountains. This stone, which is now
m the United States National Museum, was thought to be effieacious
in hringing rain and other desirable things. Tt is u waterworn peblile
ol green jasper.

The Apache Indians of the White Mountaing of Arizona amnially
burnt off large tracts of foresisd land under the delusion that the

AL A Jumid. The Libeof & Scwih Atries Tella, vol 2, o 29, Nesshalel (41
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eonflugration would bring rain. - The ides here sppears to be magic
by imitation. Quite as foolish rain-making schemes s ideas on the
canse of minfall have beon foisted on modern times,

Among agricultural peoples the usa of fire magio to produce rain
is umversal. A multitude of examples ute cited by Frager.™

MARRIAGE FIRE

As with nearly every other evont of lifs in earlior times; fire played
4 maore or less important part among the ceremonies, and In marriage
rites there is no exeeption. "Torches and other illuminations are
fumiliar in ¢lussical Romsn writings. The custom was to conduct
the bride in the night to the home of the bridegroom by ghe light of
torches, Horace says: "“One out of the many worthy of the nuptial
torch, was nobly false to her perjured parent and illustrious to all
posterity,’ *

Pere Lafitan with his oustomary thoronghness diseusses nuptial
torches and consecrated wood, comparing classical and American
Indian observances.®

The Altaians have a pipe-smoking ceremony on the scceptance of
the offer of marriage. The ceremony of blessing the bride requires
her to bow to the fire during the cevemony, to her houwse lire, to the
fire in the bridegroom’s house, and to offer & piece of meat and
butter.™

The bridegroom on entering the new sbode must kindleé s new
fire with his flint and stesl, for no conls ean be brought into the yurta
from oy other fire for the purpose. From the manner in which the
sparks fly the future life of the young couple 18 pugured

Among the Buryst Mongols, near the close of the ceremony “‘the
bridegroom enters the yurta to put some grease on the fire; end
when the bride snd her party follow him in, grains of eorn are thrown
upon their heads ™ ®

Among the Korvaks, “when the bride approaches the house of hor
bridegroom's parents, the latter come oub with firehrands taken from
the hearth to greet her.™

In reference to the marringe customs of the Yalmits:

“Priklonski says that the bride approsches the fire from the north,
and throwing into it three sticks brought from her own yurin, and »
picce of butter, pronounces these words: ‘I come as mistress to rule
the hearth, ‘Then she bows to her father-in-law and mother=in-law
and the fesst begins, the young couple being seated apart from the
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rest of the company, After the fesst the married pair retire to the
sleeping place prepared for them."®

Among the Ainu on the betrothal of un adult man:

“The bridegroom’s father takes & amull sword, and placing it in the
hands of the {ather of the bride, ssys: “This sword is's pledge of be-
trothal: take it and worship. Do thou pray to the goddess of fire,’
Then, having received the sword, he worships the fire, saying: ‘We
have here and now settled to marry ourson and daughter; therefore,
0 thou goddess of fire, hear thou and he witness thereto. Keep this
couple from sickness and watch over them till they grow old." The
bridegroom's father then receives the sword and worships in ke
manner.”*,

An excellent nocount of the Hindu marringe fire is appended in
full: -
“The Marriage Fire (Vivahahoma)., The bridegroom hes to hold
tha bride, to conduct her hand-in-hand to the Vedi or altar
for the sacred firs. He hus then Lo sit on & low stool fucing the east.
The priest tells the bride to pass by the west of the altar, o ascend
it by the north, and to sit to the nght of the bridegroom. The
Sutrakars say after thus asconding the altar the bride must not
speak (Sanskrit Nivamit vacham vadhumanyn). But this restriction
naturally forces itself on the girl, as she is by custom or etiquette
quite silent during the whole process out of modesty. The bride-
groom begins by sipping the sacred water twice and then mentioning
the eountry ‘and the time of the worship. He offers an oblation
which means * In order to attain for the brido just given to me the
position of a wife duly married, and to prepars the “homa' fire, 1T do
prepure this marriage fire, beginning with the praparation of the
receptacle and ending with the installation of the god of fire. Near
the olay recaptacls and to its west is placed s slab used for preparing
sandalwood puste, to the northeast is placed & kalish or waterpot
full up to Lhe brim over n hieap of rice eovered over with mango
leaves, and & coconut. It is decorsted with red powder, sandalwood
paste, und flowers. To the north of the firoplace are placed seven
pinehfuls of rice running east to west. The bridegroom then holds
in his hand a couple of the samidhas or fagots (taken from sacred
trees) and recites the muntres, including the mention of his country,
and the time, ete., of the performance, and a general offer-giving
incantation. It ineludes the thrice repetition of the ceremonies
under contemplation, such ss (1) igniting the fire thrice; (2) offering
ghi to Agni, the god of fire, and Prajapati, the crestor; then (3)
offering parched rice to Aryamagni, Verunagni, Pushpagni, Prajapati,
and Svishttra Eritagni with the remnanta.  To the north of the fire-
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place is kopt ready s winnowing horseshoe-shaped basket containing
parched rice (lahys), and ghi lorms an important item. Tt has to
be heated and ceremoniously sprinkled over the parched rice thrice
over. As soon ms the preparntions wre over the bride is asked to
touch the nght hand of the bridegroom to signify her taking part in
the ceremony, and the bridegroom is made to ignite first the sdhar-
homn, secessory fire, and then the chief fire, and then, accompanied
by incantations or maniras; such as, * (a) Old sacred fire! The pro-
teetor of our kfel Pray give us food and power, and kill the Rak-
shasas that annoy us even before they reach us. (3) We both ask
for weallh from the Pavaman fire, who is the fulfiller of the dosires
of the Brahmun, Kshatriya, Vaishya, Suden, and Antyajs (untouch-
able) tribes, who is omniscient, who purifies svervhody, who has beem
placed in front by the Ritvijus, and who is praised by gods. (¢) O
Agnil  You are & benefsctor. Pray endow us with valour snd lustre
and sons along with cows and buffaloes. (d) O devourer of saeri-
fices! As you are the Aryama or the giver of the girl, s you are tha
holder of the nams Vaishvanar, unintelligible to those who are igno-
rant of the Vadas, and, O Aryasmsgnil As it # you who make the
bride and bridegroom work amiecably together, and as therefore you
are their benefactor or friend, therefore you are thus enthroned and
fed with ghi and other offerings.'

. “After the worship of the fire with the Vedic mantras the bridegroom
18 made to stand in front of the bride facing west. He is called
upon to hold in his hand the open hand of the bride with the palm
upwards. He is nsked to grasp it along with the fingers and to re-
cite & mantra mesaning ‘Lady! you are shout to make me your hus-
band, to live with me until we grow old, and therefore in order to
propitiste your married state 1 thus hold your hand. You have
been lawfully handed over to me hy gods—Bhang, Aryamas, Savitu,
snd Pusha—in order to perform the duties of a pair of hounsehold-
ers.! Then the bride and bridegroom resume their seats. The
bride is then nsked to stand again, to wash her hands, and to hold
them togethor to make a hollow. A litile ghi is sprinkled over the
palms, Her brother comes forward and puts into the hollow two
handfuls of the parched rice, The bridegroom is made to sprinkie
ghi over them. The bridegroom has to repest the mantra "Arys-
man-pudevam,’ etc,, and while doing so te hold with both the
hands the hollow formed by the bride and to make her pour the
parched rice into the sacred fire, The mantra means: "The liright
sacred fire called Arayams, who has been satisfied with offerings by
many brides, may be (personified) roduce the affections the hride bears
unto her father, mother, brothers, and others, and releass her from
her gotra, and may he direct her affections toward my maother,
fathor and brothers; may he increase the affection by degrees, and

102587 —26——12
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may he infuse into her the spirit of love, fidelity, and chastity toward
me without ever disearding my Kuls family.’ The bride has next
to stand behind the bridegroom, and to pass her hands in front of
him as if in embrace, 1o go round the fire with him, the hoshand
reciting another mantrn meaning: ‘O lady! T wm like the Sema-
veda and you are like the Rid-veds. I am like the sky and you &re
like the earth. We both in the presepce of this sacred fire and these
Brahmins will marry each other, procreate children snd endear our-
selves to each other by good behavionr, and will live happily together
for 100 years.! 'The bride is then ssked to stand on the stone;
while she is doing so the bridegroom recites another mantra which
anve: ‘O bride! Do sscend this stone and let yoursell be ss firm in
mind ns the stone itself. Conquer your enemies by good desds,
Another offering of the parched rice follows, and another ascent to
the stone is performed, repeating the process thrice; finally the Dride-
groom hus to hold the winnowing basket with its open face or the
horns of jts horseshos-shaped rim toward him, snd to pour the rem-
nants into the fire saying ‘Prajapataiswha’ ete.

“The brother of the bride touches the right ear of the bridegroom

possibly Lo remind him that he is forgotten, sud he is honoured with
a turbap.!'®

ORIGIN MYTHS

No origin myths yield so much of interest as those relating to the
manner in which firo came to man.  Endless outlines of vivid dramas
of events through which fire became the valtod possession of man
are seen in the onigin myths. Few of them are tame.

The differences existing between the myths of peoples form an in-
teresting field for conjocture. H we asswme that mylhs &re n & con-
stant state of flux, meaning social, politiea], and eulture changes,
then wo can say Lhat Amenca snd Africa and Qcennia show less
change and s more uniform development than Europe and Asin, An
estimate may be made of the myth-forming ability of the peoples in
the grand divisions of the world bassd on five mnyths.

Ameriean Indinn. Practieal, logical. Conservative of cause,
Meditim grade of imaginstion.

Polynesis and Oceanin,.  Mythopoeticsl, dealing in costnio opisoiles,
Inventive,

Asintic, Civilized, highly imaginative snd coherent,  Ubeivilized,
ornde,

Africa.  Lack perspeetive; original, crude; ancient, illogical, imag-
inative.

@ & Prahtia Marrisge, by Bal Bahwdor B. A, (lapee, 100 Coulmtin: 8 mepptendeit Quvicmsent
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Europoan. Mythopostie, imaginutive. Folk, imavinative, bul
not much invention.

Throughout the world there sppears s similarity in episodes form-
ing the fire-origin story.  The difference between the classio Greek
snd the lowly Ute is the polish of progress.  Prometheus steals fire
from hesvian and Coyotesteals it from an old woman, Which is the
oldér myth? The answer may be that they are equally old and
arrive al difforent pluces nnd degrees of culture from some common
focus where the myth can be translated into terms of actunl happen-
ings. It is evident that the best types of fire myths are aceretions,
reflecting culture development. This is shown by the classification
of North American fire mnyths following. A preliminary statement,
American lire myths have the sdvantage of the wolation of the new
contizent and have not been subjected to the disloeations effected
by the movement of peoples in the Old World sinee the earliest
times,

AMALVEES OF FIEE METHS

Urder Mathods
1. Preservational, Perhaps refems 1o btho corliest slagen of
usn of fire.
2. Raptorieal, Secems to prestupposs the knowlodes

ol fire. Nalve clew of soot and propa-
mtion of tinder among Ute and Palion -
lekd Miwok.  Alsa loss sl recovary.

4. Counaationnd mytis: Enrly philogophy dealing with ariging,
sometimes  obsreational  groerabiza-
tibns,  Probably later develppuents,

§.: Bonefnction myths Culture heroes giving fee direcd (pres-
ervativonl) or teachilng method of mak-
byt fire sriificlally (artifuotuml)

fi. Renawnl mytha. Openlivg up tha mmeiss flald of A
oustoma, demonstrating tans attitide
to fire.

Critical examination of the myths shows that many of them are
accrotions on some basic feature, us the aequisition of fire, and the
additions follow & natural sequence. The philosophic slement is
doulitless lnter, undoubtodly added sk n more matire period.

An unalysis of & completé myth shows first the stealing of fire
with all its exciting episodes, and nuive philosophy explains how
at that time fire way placed in various substances. This period
would eorrespond to the stage of preservation of fire, when naturally
some groups woild have fire and others would not. 1t 1880 with all
erts which have in ancient times been kept in pecret. [n thia class
many of the myths introduce the episode of the loss of fire by theft
or secident and the struggle to regain it often introdueing the srti-
faotural element promoted by the exigency. Them appears ta be
no:guestion that fire myths exibit the primitive zest of sehievement,
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the joy of successful theft, the exhibition of endurance, cunning, and
resource, ohserved on several oycles, ns Jack the clever thief, and
others.

Next we have fire made artificially from wood or other substances
in whieh it was implanted. This represents the long period during
which early man perfected theinvention of the fire drill sand strikes-
light of flint and pyrites. No philosophy is offered here, but there
arize supernstural beings or culture heroes swathed in mystery who
sometimes contribute direct the fire drill or strike-a-light, according
to local usage.

Outlines of exsmples of myths of the various classes may be.
given. These arc specimens selected from perhaps a hundred exam-
ples oceurring in North Amerioan tribes.

1, FTEESEEVATIONLL WTTEN a

This myth 1s found in great purity among the Tillamooks. With
it ia found the eustomary episode of loss of fire and fire stealing.

a. Older type of myth based on preservation of fire and loss by
theft,

b, Newer type of myth based on preservation, loss throngh care-
lessness or neglect, recovery by invention of fire drill.

Fire arigin, Menomini, Wisconsin.

“The Thunderers were ulso the makers of fire, having first recaived
it from Manabush, who had stolen it from an old man dwelling on
an island in the middle of a great lake.”

“After this union the Bear built a long wigwam, extending north
and south and s fire was kindled by the Thunderers in the middle,
From this all the fumilies receive fire, which is carried to them by one
of the Thunderers, and when the people travel the Thunderers go on
ahond to s eamping place and start the fire to be used by all.”’ @

B BAFTULMEAL WYTHY

The dramatis perséonae ure snimsls or culture heroes, or these in
combination, many always being the beneficiaries. This myth often
ineludes preservation of fire, location of fire, and processes of securing
it. Several South American examples of this type have been collected
by Erland Nordenskijold and recorded in his work on Indian life;
The theft episode is almost universal,

Dr. O. Hart Merrian says that the Mewan tribes of contral Cali-
fornia believed in * {he existonce at a greal distance of & primordial
heat nnd light giving substance indifferently called fire, sun, or
morning, for in the early myths these were considered identieal, or
at least interconvertible.

The presence of a keeper or guardian of the fits, it being foreseet
by ils firsl possessors thal becsuse of its priceless value offorts would

W, 5, Moftmma. The Messesdel e, VMS ((2- 1) Am. Hopt., Bar. Amor, Ttimel., 1508, pp. 0, &1,
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be made to steal it. The theft of fire, which in all cases was stolen
from people or divinities living at o great distance, The preservation
of this stolen fire by implanting it in the " 00 noe” or buckeyo tree,
whaere it wasand still is accessible to all.  The power of cartain PHTSOn-
sges or divinities es Ki lok, the North Giant, Sah te, the Weasel
man, and O-wah to, the Bighended Lizard, to use fire &5 & weapon by
sanding it to pursue and overwhelm their encinies.”’ ¥

The Maidu fire myth reconnts that after the people had found
fire Thunder seizod it away from them and kept it for himself under
the care of a little bird. The people were thus compelled to re-
sumg the conditions of primitive times, but suceeoded in stealing tha
fire by strategy of Mouse, Deor, Dog, Coyote, und Skunk. The
Mouss crept in ‘Thunder's lodge, placed fire in & flute, a portion in
Dog’g ear, and some on the hock of deer’s log, and raced back pur-
sned by Thunder, #

Beaver and Eagle had a sister who wept because she had no fire,
Brothers trained four years and journeyed Lo the house of the people
who posspssed fire. (House said to be underground, tear the sea.)
Put on beaver and eagloskin. Beaver made & dam and tunnel under
the house, They shot him and were skinning him when they saw an
eagle. Waent to shoot it and Beaver escaped with fire in a clamshell#

L AETIFACITRAL MYTUN

This myth is comparatively rare, the myths of acquisition and
preservalion preponderating. The tals of the fire keeper carelessly
letting the fire go out and in desperation inventing the wood frictional
spparatus is ingenious, but is probably of recent invention.

The fire-origin myth of the Eskimo of Kegitareik is as follows:
After the ereation of the const men, who were born from a bean pod,
Raven taught them how to live. “Ho taught them how to make s
fire drill and bow from & piece of dry wood and a cord, tuking the
wood from the bushes and amall trees lio hnd esused to grow in hol-
lows and sholtered places on the hillsides,” He returned then and
taught the first man who lived inlund “to muke fire with the fire drill
and place the spark of tinder in & bunch of dry grass and wave it
ubout until it blazed, and then to place dry wood upon it."  Also to
ronst fish on a stick.”

The Cheyenne Indians have the following fire-origin legond :
"Thunder turned to Sweet Root Standing and said *Get a stick: T
will tesch you somothing by which the people can warm themsalves,

®Tha Diwn of e World,  Cherslend, TH0, pp. 18, 10
* B B, (Huon. | Madde Mythe. Bull, Amer. Mou Nat Wi, vol. 1T, bt 3% New York, Fime 00, L 50,
PP, A0, Ceapam Osrim, Creatim 3 yihs, po 288, Doaton, 188, mnd Krosber, Uies Tader, Jourm. Amer.
Falic-Lore, vod, I, 100, p. 253
w1 Tt mumi':l ibe Lillaows Lndisss of Brithed Cobomble, Juors, dssr. Falk-Lotw, vl 5,
1WIL, pp. 20-3m,
E, W, Nl "ﬂn :.:lnni Aboet Derbig Strall, 5th Ann, Bept., Bir Amer. Elbnal, 1o, p s,
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ean cook food, and with which they ean burn things." When Sweat
Root had brought the stick he ssid, * Rest the point of the stick in
the middle of the (buffalo) chip and hold it betweon your hands.’
When Sweet Root had done this Thunder said, ‘Rub it between
your hands and twirl 1t fast." Sweet Root did so n fow times snd
the ¢hip eaught fire."'* :

A firo myth of the Mohave Indians relstes that: * The Biue Fly
lsarned the art of rubbing fire out of sticks.” (Observation on flies
twirling their legs1)*

& CAFSATIONAL MTTHS

A class of myths cognate with those explaining the origin of things
und whick relate the supernatural way in which fire was implanted in
substaneces from which it may be elicited by man.

A fire myth of the Fox Indians assigns the source (o supernntural
beings: “Our fire comes from the munitous wha live in the world
undor the enrth:  They created the fire and it 1s thetrs. Al their time
they spend watching after and cwring for it. The fire that people
use first eame from this place under the earth. Even the Thunderers
who keep watch over the people obtain their fire from the manitous
of the underwarld. This s the lire one sees flashing from their
mouths as thoy pass scross the sky, "™

A Teton Sioux song frequently used ss opening song of the Sipux
(rhost Dance concerns the origin of fire:

It was the father who gave us Lhese things,
It was the father who gave us these things,
It was the father who gave us fire,
It was the father who gave us fire,
The father gave it to us,
The father gave it to us,""® :

The Menomint Indians of Wisconsin have a rather involved myth
which 15 of the causationsl type. It relates that “the daughter of
Nokomis, the Earth, is the mother of Manabush, who is also the
fire. The Flint grew up out of Nokomis anid was alone, Then the
Flint made s bowl and dipped it into the earth; slowly the bowlful
of earth became blood, and it began to change its form. So the
blood was changed to Wabus, the rabbit. The rabbit grew into
human form, snd in tine became o man, and thus was Mannbush =
formed, Mausbush was angry because he was alone on the earth,
and beesuse his enemies, the An o maq kiv, who dwelt benesth the
enrth were constantly annoying him sad trying to destroy him."*

w0, D Orfupall. Seme Eerly Cleyoes Tols, Jorn Ame Falk-Lare, vol, T Julp-Septemar
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# 1, (). Hotwhe, in Jinern, Ay, Folk-Lore, vol. & July-Seplemtes, Usd, p,
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FINE AS AN AGEXT IN HUMANX CULTURE 161

A ASHNERAETIIN WYTED

This type of myth attributes fire us the voluntary gift of beings or
culture heroes: - It is frequently sccompanisd with causational, pres-
ervational, and artifactural episodes,

The Umtsh Utes say: “Coyote enught fire und gave it to the
Indians. The Indians kept the fire and never lost it again. It made
light and heat, It was pold; and if there had been no fire the Indians
would all have died. The fire kept them alive. Coyute said, ‘It is
very good to do that.” He gave life to the Indians.  Perhaps Covote
gol the fire from the white men in tho east,” ™

The Lillooot Indians have a myth embracing light origin and fire
arigin. It states that Sea Gull owned daylight and kept it in & box,
Raven got him to open box and broke box, letting daylight escupe.
Ravgn saw smoke in south, embarked in a conoe and eame to house
of fire people. Stole baby and escaped.  Traded baby baek for fire,

The fish peoplo showed Raven how to make five with dry cotton-
wood roots.  Thereaflter Ruven zold fire to every family who wished
it, and became posicssed of many wives in paynient.®

& RENEWAL MTTHES

James Mooney states that in the Ghost Dance religion & message
was reooived from the gods (o renew und preserve fire. The renewsl
tdea was general in Mexico and extended to other cult practices. It
follaws, of course, the invention of fire making, as experience always
precedes myth formation,

From our present knowledge of fire-origin myths among the tribes
south of Mexico it appears that ns wo move sonthward the basie
myth, so clear in North America, has faded out gradually nmong
the tribes of South America. There is a lick of observations on the
natives, but what is found seems to bear out the sssertion.

The Bribri and Brunka Indians of Costa Rica have genesis myths
in which gods wtilize fire to rosst and beil chocolats, No gifl of fire
1o man is incorparated ™

Ehrenreich says that it is strange that but thrée fire myths are
known from South Americs, and they exhibit quite differont traits,
but all have parallels in North America. }

Fire myths, he says, have had but slight considerstion in South
Amerién, In threo places only have they been collocted, and but
superficially explained. The shining eye of the camp fox, according

1. Aben Mwmmn, My of the Uinish Ve, Journ Amer, Falk-Lom, vol. 21, Julp-September,
1910, pip, -39
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to the Bokairi tale, concenled the fire which was struck out by Keri.
The Tupi myth is based on the conception commaon in North Amer-
iea thet animals marked by black have been burned by fire, and such
smimals bring fire, or at least are its original possessors from which
the culture heroes got it. As in North America and Mexico, the
deer brings the fire and at the same time burns uwwey his tail.  So
among the Tupi the sloth gets the bluck spot on his back, indieating
the place from which the twins took the fire. Among the Kaingang
the fire waa sbducted by some higher being, and in 0 manner recalling
the conceptions of the northwestern American Indians. A hero trans-
formy himsell into & magpie, which gets pessession of a glowing coal
at the fireplace of the sun.™

The Mataco, Chanes, Chiriguancs; and "Mapiote of the Gran Chaco
include in their fire-origin myths the episode of fire theft, and the
two former inchude an-episode of great fire,®

In view of the large body of literature on European myths and
folklare, the work of students of the subject gatharing for centuries,
it is not necessary to present u treatment hers, The scientific study
of mythology had its birth in Europe, and all investigntors are in-
debied to the men who founded the seience.

It is true, ue, notably among other writers, Andrew Lang points
out, thut clussical myths descend with very little dislocstion from
erude early ideas. We have in Prometheus the extension of tha eatly
almost universal episode of the theft of firs and punishment for the
immorality of taking fire by stealth from the firepluce of the family
of the gods,

Investigations of classic mythology represent work in the upper
layer of European folklore. Other numerous strata are hardly dis-
tinguishable, On the decay of classicism and in the rebuilding of
European culture the mythology of & number of nations which had
been submerged came into prominence. This body of myth snd
folklore not only is well recorded and studied, but furnishes the liter-
ary background which has made Furopsan literature preeminent.

The fire myths of Oceania present striking examples of the mytho-
pootic fsculty of many of the islind races, particularly those of the
Polynesians. Dr. Roland B. Dixon considers these myths in many
respocts unique and of Oceanic development,® Hedivides themyths
into evolutiouary or genealogical snd croative ncts of deities. A good
example from the Maori of Now Zealund is appended,

The Muori suy that fire was derived from the five children born of
the Dawn Maid snd Mshiuka and named for the five fingers of the

- v Pl Ehtenrest, Thin 84 i
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hand. The secondary myth makes Mani beg the finger of Muuiks
to produce fire for man. The myth connects the five fingers of nisn
in fire making with the production of fire. Aushi ros, the camet,
brought fire, and fire is called Upoko ron, son of Auahi ros, the eomet
which firsf brought it to man. The descent of the fire is as follows:
Tern, The sun.
Aunhi-truva, Mahuika.
Takonue  Takoroa  Mapers  Manawa  Toiti

The following myth presenis episodes like those of Amaorica:

“The desvendants of Tarangate were Ln parents of Fire. He
conceived the ides that he was destined to became the conqueror of
the world. He protruded his tongue to lick up water, thinking he
could consuma it wll. Then came forth the great wave to do battle
with him, The one shot forth his tongue, the otherdid the aurme on bis
part. Ahal The name of the battle was Kauksn-s-wsi, Then
wabar invoked all the winds, every one of them: they eame forth;
thon, indeed, was the power of water exhibited, Aha! This wus
the defeat of fire; it Hew; it rotreated; it was conquerad by waler
Bofore all was over, however, everything on earth had besn melted
by the heat. After the conquest by water the few remains of fire
flew into Lhe rocks, and also into the trees, espocially into the Kniko-
mako tree. Behold the mountains such ss Raupehu and others,
which ever burn, sver rage.

“Toitipu aod Manatu were the men who discovered the hiding
place of the fire within the trees, that is, the remnants which escapoed
there afier the conquest by water. So they soughi for mesns by
which fire could be obtained for the use of man, and experimented with
wood, one holding the board (or piece hold flat on the ground) whilsi
the other rubbed s stick on the surface.  After a long time forth burst
the smoke; hence the saying, ‘By enorgetie rubbing with the hand
the son of Opoko-ron shall appear.’

“Aftor this the two made s snare; great was the thickness of the
ropes thereoll Was it not to eatoh Matuku? Matuku wes an
exeoedingly ovil being—indesd, he was 8 very Tusiwha—who lived
in & eave. They found w tree suited to their purposes, over which
they cest & rope, which caught in a fork; then they hauled on the
rope till the tree hent down, and to it they fastened the snare, and
thus comploted their work. They then sscended s hillock; - ridge
which stood near thero, and lit o fire, No sooner did Matuku ses
the smoke of the fire than he rushed out of his cave, and, secing the
two men, immedistely drew toward them, when he suddenly encoun-

OElplnn Best  Astosestiio] 3 amwiedyr of the Maar, Deaninton Morsgmaph 1 Wellington, (52,
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tered the snare,  His head was soan within it, and he commenead to
strugzle whilst the two men looked on.  Before long he trod right on
the spring; when suddenly up sprung the tree, tightening the rope.
Then Matuku struggled! Struggled in vainl"'*

Another form given here insynthesis is from Hawsii. [Tt s aimple
and more like American Indinn myths.

Mani obtains the seccrst of fire, before only known to the mud
hen., Deloys the rapid course of the sun by breaking off the ravs,
which are spines like those on n sen urchin® i

The Tongatabuy fire myth approaches elosely the henefsetion
myths of the American Indian.

Kyekys obtained some fire from the earth and taught them to cook
their food, which they found was good, and from that day food has
been cooked, which before wis eaten raw.  In order to preserve the
fire Kyskys commanded it to go into certain trees, wheneoe it is now
obtained by friction™

The Aryan fire-origin myth states thut Agni was son of the ear-
penter who made the drill and Maya or magic. He took the name
of Aksa, snointed, and when nonrished by libations of buttér he st-
tained full development.

There is here an example of extreme sophisticstion. 1t is prob-
ably not the real myth, but ruther an explanation to be given to the
uninitinted. ' Its philosophy is based on the engendering of fire by
wood frietion, and ecorrespands to the Finnie fire-origin myth in the
Kalovals.  In eontrast s Ceylonese fire-origin myth shows a delight-
ful return to nature.

“The story current about the blue-black swallow-tailed fiyeatoher,
Kwandu panikiia, und its mortal enomy, the erow, is that the former,
like Prometheus of old, brought down fire from heaven for the bene-
fit of man, The crow, jealous of the honor, dippod his wings in
water and shook the drippings over the flnme, quenching it. Sinee
that time there has been deadly enmity bitween the hirde."*

Amang the African myths thero is 4 curious extmple from the
A-Kambn Tribe, East Afrion:

“Thero i & legend that the first human being of enrth was half
man and half woman, He was eulled Mukuu snd lived in Kikum-
bulit distriet near o hill called I-Kuus,  He brought fire with him to
this enrth und was the father and mother of mankind. His progeny

found the various food plants growing wild in the valleys, and they
did not know at first hiow to plant or cultivate the soil." 3
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The following myth was collocted from the southern Banty:

“In the Rongs clans these two uncestors of mankind are called
Likala Humba and Nsilambowa. The first name means (o one
who brought a glowing cinder in - shell, viz, the originator of fire.
(Compare the Hlongwe tradition, vol. 1, p. 23.) Naillambows, the
name of the woman, means the one who grinds vegetables. The
first human beings, nceording to these names, would have heen those
who introduced fire and the eulinary art into the world! This idea
i interesting, and seams to show that for the native mind the sook-
ing of food is the pursuit which differentistes man from the snimals, " ®

COMMUNAL FIRE AND SOCIAL ORGANIZATION

The role played by fire in the development of the artifieial social
orggnization hes been given great attention by many writers. The
thesid is briefly that the care of the fire was exiguous in earliest times,
and therafore enforeed the delegation of un individual to ifs servies.
Thus the first delegated office, that of fire keaper, hud its inception.
From this heginning are traced institutions und the governing fabrie
of soctety. It will by seen that on the introduction of this new social
elomant bused on fire there would hegin to run along together the
nutural development springing from social instincts and the unifying
tendency growing out of the use of fire in common.

Theoried of primitive social integration provide for s communal
fire. Logieally, in view of the limitations surrounding the first firs,
possession should be in common to whatever type of human grouping
abtuined at the time. 1t is soen that the division of fire must neces-
karily have taken place very soon, followed by the endless use of fire
for special purposes, and the separation into sacred and profane fire
must have been an early generalizsation. Some considerations on the
static effect of fire on early populutions und on migrstions are given
in the work cited bolow.™

The communal fire, which remained w simple custom in many
tnstances among the lower grades of culture, developed into the
elassienl politico-religious hearths or alters of Greece and Rome
familiar ss the prytaneum snd temple of Vesta,™  Mr. Fruser eloarly
aceomplishes the task set at the beginning of his paper: “ The object
of this paper is to prove the common origin of the Greek prytancum
and the Itelian temple of Vesta, and to suggest an explanation of
the origin of the order of the vestals as well as of the custom of
maintaining perpetusl fires'' (p. 145).

These survivals which are noted under fire preservation are thought
to hark back to the time when firo was not only curefully presorved
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and attended, hut formed o nucleus sround which the human group
gathered, This stage is called the tribal or communal fire, and
fram the tribal fire is supposed to have desoendod the family fire,
which has survived in the eustoms surrounding the perpetustion
of this fire. _

Most of the studies of this subject In dealing with tho primitive
period arn compellod to maks use of the scientific imagination, an
important aid if judiciously spplied. In general the theory of the
effect of fire on the development of social festures is scceptablo ns
reflecting the present state of thonght on the subject. This theory
ia based on a later stage, when socinl forms have erystallized snd &
considerable survivl of customs offer whnt seems to be good grounds
for deductions. Criticism is offered that there is » tendency to
stiribute too much to fire and to omit other developmental ggrms
which antedate fire.

BORROWING

There ware good reasons for using the word borrowing in respect
to fire. Fire was property of & particalar class, and could not be
sequestrated by gift but eould be loaned. Tt was s violation of prim-
jtive morals both to sk for the gift of o portion or to givea portion.
Speech has preserved the ides, though the meaning is lost when one
man asks another, “May T borrow alight ™ The Hopi Indian under-
stands it, however, when he asks for “some of your fire.”” Theve s
much dats to show that this onstom harks baek to the time when the
house fire was regarded as saered and the life und well-being of the
family were involved in its care and worship. At some early period
superstition regarding the house fire was intense. The formality af
barrowing fire was a cautions negotistion and the theft of fire pun-
ishable with death, probably in primitive law extending to the offend-
ing family. A superstition of such weight could not fail to survive
into periods when ancient beliefs lisd been softened into outworn
customs; nevertheless the sacredness of the hounse fire is inaintained
in many parts of the world, even os islands amongst the high eivili-
zations of to-day.

Montaigne makes an apt illustrition fram the sustom of borrowing
fire. “Wee may verie well be vompared unto him, who having need
of fire, should goe fetcl some at his neighbor’s chimney, where finding
u goof fire should there stay to warme himselfs, forgetiing to carrie.
som# home." ™

In Permsylvanin when one comes in s great hurry it is customary
to nsk, “Did you come for fire?" This ia a survival from an early
period when “fire borrowing"' was common. '

In the Unitod States National Museum is a small pair of bronze
tongs with basket head. These were brought from Denmark in 1702,
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and were the property of the Mullor family, relatives of Hans Chris-
tisn Auderson.  They were used in borrowing fire to transport conls
from one house to another. (See pl. 5, fig. 8,)

FIRE IN MORTUARY OBSERVANCES

The use of firs in mortuary observances is quite widespread. In
this mass of practices is seen the immenss hold fire has on the mind
of man. The eomplex reveals innumernble philosophies, from the
orudest to thosy of high spiritnal concepts. From ancient times fire
was thought to be the best agent known to man by which he could be
allied to the spiritusl world., It is recognized that these conceptions
do not belong to the early periods, sbout which little may ever be
Enown. No doubt, however, the gorms of later ideas wers present
in thie men first noquainted with fire, Some clues in historio and pre-
historic periods may allow of the projection of science into the misty
past. A simoiler large body of customs refer to light in mortuary
observances, and will bo treated under the appropriate heading.

Among the reasons advanced by Yarrow from his study of the
question are purifiestion of the soul, that demons would be driven
away, and that the fire would give light for the journey and heat to
cook food ®

Excavations in the sncient Pueblo cemeteries almost invarinbly
show masses of charconl and ashes appearing s & layer in the earth
ahove the skeletons.  In some cases ashes wore placed with the hodies
at the time of burial. So far ns can be pscertained there is no present
Pueblo custom by which the ancient oustom ean be checked up.
Msany excavations show that burials were made in village rubbish
heaps in which ashes and charcoal are large components, and in this
case it is not nlways possible to truce the definite use of charcoal and
ashes as in undisturbed earth.  In reconstructing the eustom recourse
may be lind to the grave fire of several Indian tribea. 1t is presumed
that sl the time of ancient Pueblo interments a fire was built near
the gruve and the sshes und charcoal thrown in as the exeavation
was being filled.

The custom of burning the belongings with the dead has wide ox-
tonsion sreally and in time. Some idea of sserifice inheres in the
custom, and also that of transmitting tho things burnt to the spirit-
ual world, This eustom is often connscted with cremation.

On the edge of Pennsylvania and Maryland Chief Lovell, head of
the large gypsy “tribe' of that name, diod. Mre. Lovell had all his
property burnt in regulation gypsy fashion.,™ This custom brought
to our doors in recent times reflects some sncient rites to the dead,
probably in the case mentioned arising in India.

L, C. Yarrow. Mortusry Customss of the North Amerioks Tediens, int Ans, Wapt., Bur. Amer.

Ethnal., IV, 185
o From & press Jtem in b0n,
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Cremation wus practiced in the Branze Age and alao in the Tron
Age, about ball of the 1,000 tombs excavated at Hallstatt being
gremation interments.

“My loarned friend, Dr. Karl Blind, in his excellent pamplilet
entitled Fire Burial, cites the Odin law in Scandinavia, which reads
s follows: *Odin ordained thst the dead should be burnt, and that
everything that had been theirs should be carried to the pyre. He
said thal every ons should go up to Walhalla with as muny riches as
would be liesped upon his pyre, and that hoe should enjoy in Wal-
halls all those things also which he had hidden away in the earth.
The ashes should be thrown ints the sea or be buried deep in the
soil; but for ilhustriouy men & mound should he raisnd a5 o token of
remembrance,’

“Dp. Blind also gives in the same pampllet the desoriptios of
Boowulf’s funeral, to prove that it was also the habit with the Anglo-
Saxons to burn their dead with tressures:

Ui Gentland's men for him then made

A pyre broad, most firmly built,

With Lelms bedeckt, with war-shield hung,
And srmour bright, as he them bade.

In the midst they laid, the sorrowing hoeroes,
Their mightly ruler, their beloved lord.'

“Thus we have the proof that in s remote antiquity it was Lhe
custom in Babylon, Egypt, laly, Macedonis, Scandinavis, snd
Germany to bury the rich with their treasures, and my exeavations
have proved that this custom existed also at Mycenas in the Lime
of the Atrdae.'" ™

In aceord with some ides of providing for the spirit may be noted
the ancient Chinese eustom of placing funerary stoves with the
dond,”* These have been found dating from the Han dynasty, ahout
2,000 years ago, snd present perhaps the earliest specimens of stoves
of the brazier type yel recovered.

CHEMATION

“They burnt & corpse upon the sand—
The light shoue out sfar;
It guided home the plunging bonts
That beat frim Zanzibar.
Spirit of Fire, where'er thy altars rise,
Thou art Light of Guidance to our eyes."

—Salsette Boat Song.
Theadmg to " I Frree,™ Phily Tulen fpes the fTim 0 Eipling

" Flenry Schliomemn.  HMytenda  New Tork, 305, B b
WH. Lander Chines Poliery o (he Tiee Dyesity, Beill, Laldesi, 000) 3, 1 e Grost. The
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The mest outstanding mortusry fire qustom is cremation. The
custom is widely but irregularly distributed, and appears at all grades
of culturs. The renson, placs, and time in respect to its origin are
conjectural. It is surmised that it refors to the iden of purification
involved in the worship of fire. A deeper iden may bo that of the
transference of the spirit at once to the gods in the munter of incenss,
Still another ides could be the feeding of the gods, like burnt offer-
ings, or with blood, as in the strengthening of the spirits for the
interview of Odyssous in hades.

As an important and perhaps the chief eause for the custom of
cremation of the dead msy be suggested, the desire to remove the
house of the ghost or perhaps by the power of fire to destroy the
ghost, A like instance is observed in tho custom of some of the tribes
of Siberin in cutting many incisions in the body of the desd for the
presumied purpose of rendering the earthly tonement uninhabitable
by the ghost.

It is plain that the matter is quite complex and may never rescli
n satisfuctory elucidation. Modern cromation is alleged to rest on
o sanitary basis, but insensibly there must remain the trnces of the
sncient custom.

“But the most remarksble celebration I attended while in Billi-
gum [Ceylon] was the burial of anaged Buddha priest on the 13th of
Junuary.  While the common people here are simply buried (in the
gardens behind their houses, or in the nesrest eocon grove), the priests
slone ghare the honor of being consumed by fire.  The priest to ba
burned on this ocession was theoldest and most distinguished in the
community. Accordingly, the funcral pyre of palm stems was erooted
near the principal temple.  After the body, which rested on a flower-
adurnod bier, had been carried amid solemn chanting through the
village, o band of young Buddla priests in vellow robos hoisted it to
the top of & funeral pile which was whout 30 fest high. The four
corners of the pyre were supported by four eovod palms between
which was strotelied o eanopy like o large white cloth.  After the
conclusion of various ceremonies, solomn dirges, and prayer, the pile
at 5 o'clock was lighted amidsi o most deafening Lom-tom uproar.
A erowil of sovera]l thousand people watehed the bursing pils with
expectant interesi, and when the flames seized and devonred the mus-
lin canopy, u loud, jubilsnt cry went up from every throst—the soul
of the burning priest had taken its flight to heaven. This wus the
signal for innuguration of more cheerful ceromonivs.  Rice, cakes, and
palm wine wery distritmted among the crowd, and » merry carousal
followed that was kept up around the burning pyre the greater part
of the night." ™

WErng Tiaordal. [ndle end Ceflon, New Yook, 1888, p/ 163,
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In prehistoric America cremalion Was practiced in a number of
localities. The so-callsd mound builder culture has revealed evi-
dences of itsuse. What were thought to be altars, platforms con-
sisting of & mass of haked white elay found in mounds, are now
known to be hearths for cremstion, Such hearths are found prin-
cipally in Ohio and Ilincis.™

The disposition of the ashes is not known, hut the inference is that
they were seattered. - Among the sncient Pueblos who practiced
cremation the ashes were preserved in vases generally, but the eliff
dwellers made some other disposition of them.”

The prehistoric peoples of the lower Gila and Salt Rivers in Ar-
zona placed the nshes in pottery vases.™

In the Forestdale ruin, upper Sali River, Arizons, the writer found
instances of full-length burial and cremation on the ssme site. The
practice of cremation is similarly unequally distributed in the Pushlo
region and lss little comparative value in othnology. Clarsnce B.
Moare has brought together what is known on cremation in ancient
Americn, and the reader is referred to his work.®

Tt was the habit of several Californis tribes (Yuma, Pomo, ete.) to
burn with the dead his belongings and whatever offering would be
made by relatives and friends, Historie instances are confined to
somn tribes of the far Southwest and West.

The Haida Indians of Queen Charlotte Islands, British Columbis,
eremsted the bodies of the dead dying away from home, The
Huids were said to burn the body to keep the enemy from making
charma with it to destroy the triba™

ORDEAL

Ordeal in genersl is & primitive substitute for law. In the ordeal
by fire it is u reference of n case to the magic power of this institu-
tion, whosa mysterious properties, not of this world, shall by burning
or not burning sdjudicate the cause. It is a form of divination by
whiel the will of the superior powers is made Jmown through an
sgency thought infallible. It will be seen that there are voluntary
and involuntary types of ordeals, the first being s test of courage or
proof of rightecusness uud the second required by the sense of com-
munity or law. The system of fire ordesl was best developed in
Iudis, where at one time it had quite general currency. The
enstom goea back into antiquity, and many isolsted instances of it

oW, 0. M Explontion of the Mound Otiy Group, vl L, Cslimbas, Obis, 9 0. 0. Wi
. Papets Peabody Momgm, Camtables, M, vol & No & 2, po3
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L 100,
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arerecorded. Zorosster, Abraham, Shadrach, Mesach, and Abadnego
coming triumphantly through the fiery bath are instances of Old
World ordeuls. The Zuni twin sons of the sun were tried by fire to
determine their parentage, though this episode may be sccultural
and it is probiuhle that this bype of ordeal does not belong to Ameri-
ean indigenous lore,

nﬂhthndﬁ:ﬂﬁm ordenl of the Hindus the procedure was as
follows:

‘1. Eight voncentric circles of equal breadth are marked on a piece
of ground.

“2.An iron ball is heated repeatedly by o blacksmith.

“3. The hands of the defendant are examined, and sll existing
sores or scars eoversd with dots.

“4. His hands are wrapped up in leaves, in order ta protect them
aguinst the hot iron ™

“5. A prayer sddressed to Agni, god of five, shall be recited and
written on u lenf which is fustened on the head of the defendant.

“B6. The iron ball is placed in his hands, and he is made to walk
slowly through all the circles successively, taking anoe cirele with each
step. On resching the last circle Lo may throw the ball on the
ground.

‘7, 1iis hands are examined once more. If they are found to con-
tatn any fresh sores or wounds ke is guilty; if nét he is innocent,

“8. I he lots the ball drop from fear before having reached the
last circle, or if the examinstion of his hands has yielded no definite
results, the whals proceeding has 1o he repeated.®

“It is, however, to be remembered that an sccidental burn on sny
ether part of the hody does not count. To mske quite sure that
there has heen no fresh sore or wound on the hand from the handling
of the red-hot iron, the secused is given some unhusked rice, which
hie has to ruly vigorously between his hands seven times to separste
the griin from the husks."*

“In the trial by fire the accused in India walks barefoot into a
heap of pipul leaves (Ficus religiosa); in Siam ovor a pit filled with
burning charcoal. In the ordeal by bolling oil the acoused hes to
thrusi his hand mto the sealding flnid.

" The hot-iron ordeal is practiced. Nine eiroles are drawn, each
16 fingers in dismeter and each the same distance of 16 fingers apart.
The liands of the accused rubbed with unhusked rice (paddy) and &ll
marks are earefully noted. Seven pipul leaves aré then bound with
seven threands on each hand and the priest gives him o red-hot ball
to earry s he steps from cirele to circle, keeping his feot within sach

ALK Fortes says in Ll Hae Mals (had (he bave s Lhios of the barr tree, we b had himesl! oo
wpy Eils ovdial emmployed.  The lemves momafly protect the pecsan [romm Injary.
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until ho reaches the eighth, when he throws the ball on a heap of
dry grass insido the ninth.  If his hands, which are then examined,
be not burned Lo is pronounced innoeent.

“Tn Japan the reputed thief bears in his hand a piece of thin
psper having the figures of three desties. On this « picco of red-hot
iron is placed, and if his hund escapes he is pronounced free.”*

It Tibet fire ordeal was an important feature of adjudieation snd
severnl mothots were practiced:

“Inmatters of impartance they give judgment in two ways. One
is by placing two stones, one white and the other black, in a vessel
of boiling oil, and, without seeing, by causing one of the stones to
be taken out by the hand. [If the stone be white and the hand un-
injured, that man s in the right, without the other party having to

dip his hand; if, on the other hand, he first encounters the black sjone,
" pven if ke does not injure his hund (for this ordeal they muke use
of & certain secrét or magical art), he is adjudged liar, and the other
must ingert his hand likewise. The other method of giving judg-
ment is to heat s Jong, round bar of iron, and when red hot Lo cause
the hand to be drawn along the whole bar, sond if the hand be not
injured the right & on his side.”"*

Tho Greeks also practiced this ordesl. The wecused had to ereep
through fire, or was given red-bot iron which he had to hold in his
hands without discovering any sense of pain.  In Antigone of Soph-
ocles Creon is sssured that all the guards were “ready for all
commands,

Either red-hot bars to take up with our hands,
Or pass through fires, or by the gods to swear
That neither in the body did enter

Nor privy to the wicked action were."™

And the Emperor Theodore Lascaris of Nicea, attributing his sick-
ness to magie, caused all those whom he suspected to handle the red-
hot iron; thus joining, s has well been remuarked, to the most dobious
crime in the world the most dubious proof of innpoence.*

The foregoing references are extracted from the Journal of the
Anthropologieal Society of Bombay, 1002, (Val. 6, No. L, pp. 24-28.)

Fire tests and ordeals are quite uncommon in Ameries and do not
follow the Old World types, boing rathor like purifieations. Witeh-
eraft is thus tested among the Wynndot. “When the accused i
adjudged guilty he may appesl to supernstural judgment. The test
is by fire. A civeulur fire is built on the ground, through which the
accused must run froan east to west and from north to south.  If no

¥ Edpnrsd Balfmge, Cyrlopusdin of Tndia, Mude, 18, val 4, pp, 380w

» Tlorsee dulks Fre=ma tn Warrsaivs of the Misstas of (Teorge Dugde, pp, S2-221
= Antipmno V. B30
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Anjury is received he is adjudged innocent; if ha falls into the fire he
is neljudgod guilty.™

The custom of war, or, deseribing it in terms of folklore, the core-
monial of war, is an old social practice. It had strongly at first and
more obscurely fo the present the ides of ordeal, practieally » divin-
atory rite in which a decision should be to the side having the favor of
the gods. Battle cries often doclared thisides. The ordeals of ginglo
combal and gladiatorial combats are striking instances.  Even games
had the ordeal fonturs.

PURIFICATION

Among the customs which show the confidence of man in the
supattintural properties of fire, purification by its meuns stands out
prominently. The customs are the outcoms of rude generalizations
on the mysterious belavior of fire, its properties and effects, pnd the
knowledge gained by oxperisnce. '

Sia Indian hunters make the following invoestion to fire: “Coyote
spoke Lo the fire, saying ‘we desire many rabbits but we do not wish
to go Iarl' Before hunting the hunters passed their rabbit sticks
through the Names. "™

A similar smoke purification or incantation ocours in Burma, wliere
the people and party and guns were passed through smoke before
the hunt *

A Bornean fire coremony at the close of a Katingan funersl is
described by Lumbholtz: *Twas about to leave whon the people began
to behave in & boisterous manner. Men csught firebrands snd best
with them sbout the feet of the others. Some cut mats in pieces,
ignited thom, and struck with those. A woman enme running out of
the house with u piece of burning mat nod beat me about my feot
aud ankles (my trousers and shoes wers supposed to bo white), and
then went after others, all in good humor and laughingly. She next
exchunged lirebrands with & man, and both struck st each other
repentedly, This sunie custom isused at funemls with the Ot-Danums
on the Samba, and the explanation given in both tribes is that the
motrners want to forget their grief.” % More likely the ceremony
is for purificution.

In Tartary Abel Remusst observed o Tartar custom by which all
newcomers at court, be they princes or envoys, and all presents they
brought with them, were obliged to pass between Lwo big fires; by
so doing all evil influences or ill lnok which they bore with them
waorns driven awsy,”"
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Speaking of burkhans, images, from Lhasa, Sven Hedin s ys of the
Mongols of Tsaidam: “Any person who stops to look st the latter
must take his pipo out of his mouth, nor must he breathe upon them.
When I inndvertently transgressed against this rule the burkhan was
purified by being held over  brazier, into which fragrant spices were
dropped- Nor are the holy images allowed to come in contact with
the earth." ®

Fire purification in Tibet was observed by Bonvalot and Prince
Henri of Orleans: A short time ago we saw the Thibetans pass
our baggage over the fire so as to purify it before they pul il on
their ghoulders, whilst on another oecnsion the men who were at work
in the fields we went through snatehed up a handful of carth, like
Mauriuy predicting the birth of the Gracchi, and, throwing it into the
uir, mumbled & {orm of prayer to disinfest the soil." ™

Fire purification is frequent in birth customs. The Malugasy build
4 great fire at time of childbirth. Similar eustoms are found among
the Burmeso and Sinmese, and the mother is exposed to heat,'

‘“Before the child is born a bright fire is kindled and kept burning
for 10 days after the birth to keep away evil. At the end of the leath
day the parents carry the child to the river and all baths. After
that the fire is left to amoulder, but it is not put out entirely until
the child is two years old. "™

In ancient Greece, on thoe fifth day after the birth of a child tha
midwives, having purified their hands, ron with it round the
hearth.*

The Persians jump over piles of blazing brushwood oo New Year's
Day.=

2 BUPERSTITIOUB HEALING

Under superstitions uses of fire in quasi healing there are innumer-
able exnmpleés sppertaining to every race and time. Survivals of
these customs sre¢ most persisient. There are &s great number of
practicns of this kind extant to-day ss there evar were, despite the
sdvances of medical science,

These practices have ss o foundation the idea of communicating
the mystical properties of fire to the patient, to drive swey by the
superior power of fire the disease supposed to be present us a malovo-
lent influence, or to introducesome benaficent property of fire. Moxa
i8 often used in this way and was probably in its beginning of this
charscter. Fire aluo is superstitiously used for collective healing or

" Sven Melin. Threugh Asis, val, T, Do 108
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proclection from disense.  This is well shown by the fire superstitions
of the Yarchans of northern Siberia:

" A wood fire, that is, n fire that has been kindled by rnbbing two
sticks together, plays an important part as s prophylactic against
mfections and ull kinds of discases. When an epidemic breaks out
the uso of matehes is forbidden, all fires are extinguished, and & new
woorl fre is kindled in the street, ull the household fires miust be
veplenished. 1f while this s going on any fire i lit by means of
mutches or flints, the procedure is vitiated and has to be gone over
again from the beginning.”™ This opend up the great subject of
new fire, considerad separately.

Thes formulistic name for fire among the Cherokees of North Caro-
lina is the Ancient White. ‘‘The name refers to its antiquity and
light-giving properties, and perhaps to the fact that when dead it is
covered with & coat of white ashes. In those formulas in which the
hunter draws omens from the live coals it is frequently addressed as
tho Ancient Red. Four chips taken from the hearth fire and gener-
ally placed in an earthen vessal by the side of the patient furnish the
fire used by the doctor for the treatment of neuralgia. A decoction
ia gomotimes heated by putting into it seven live coals taken from
the hearth Bre'"!

The efficacy of medicines is promoted by treatment by fire, It i
the crustom of the Eskimo of St. Lawrence Island, Alaska, to effect
the healing by their various fetishes through the spplication of the
fotish previously to fire; or to burn a small bit of the fetish and give
it to the patient.®

One has heard of the burning of the psper on which formulas are
written among the orientals and the drinking of the nshes mixed with
water. The Pennsylvania Germans have a treatment for eryzipelas
by smoking yarns which have been measured over the patient. Ery-
sipeles ia called “eold fire" and is cured by passing fire sround three
times, anying each time, "Tame fire, take away wild fire, ”

Burns are also cured by blowing, The healer strokes the burn
slowly three times with the right hand over it, bending down one,
two, thres times; und blow (hree times, each time three timea®

The Hakauyi or firs shamans of the Tewa Indisns were membars of
tha fire cult. Fire cures were practiced by them, and the custom
was still in vogue among the Queres not very long sgo. Bandelier
has reconstructed their ceremony. In healing they sang their ritual
song, waved flaming bunches of grass to the six regions, bit off pieces,
chewed them, and spat in the patient’s face.*
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“A very strange remedy for fever, which I am told is still used,
is to make a fire drill with a piece of hard and a picce of soft wood.
The patient helps to work the drill. The fire pnsses out of his body
and ignites the wood and ho gets well."*

The United States National Museum has a healing toreh from the
Dyaks of Kwallan, Western Bornoo. Dr. W. L. Abbott, who col-
lected the torch, says:

“This thing is used to treat fever and other diseases. 1t iz (anid
to he) made of 50 different kinds of wood, ane stick from ench kind.
The powang or doetor sets fire to the large end snd the patient
inhales the smoke. In case of & ehild (as is'most often) 18 s held
over the hurning fasces, which is placed on the ground.” The torch
* has many kinds of wood, probably the required number. These ure
dressad into tapering rods and massed around the central rodwf &
holder, whose lower extromity is carved and fitted with a loop of
ecord for suspension; the rods are held in place by @ bands braided
from brown splints of some plant (pl. 33 fig. 1).

In regand to the use of fire products in superstitions healing, it is
noted that the Hopi vava or fire privsts healed burns by their mngie
power and the application of soot.  Layard obssrved the Yezidis ven-
erating the soot from lunps Tor use in light coremony.®

The Buslinen snwoke eeremonially certain brushes of ostrich feathers
which they make. They place the brushes in ¢ funnellike hood of
springbok skin and fumigate them with smoke fram o certain root,

the fumes pussing through the hood, They control the fire so that
it will pot flame up.’
FIRE WALKING

The fire walk, in which celebrants pass over heated stones unharmed
15 a curious custom of the Enst deseribod as an ordeal, though rather
helonging to tha class of fire juggling. Perhaps no form of ordesl =
betier known or more widely spread than this, its antiquity dating
back to the days of Abrahsm und before, aud being us varions in form
as it is ancient. The holy writ of varions nations speak of it in no
uncertain terms and the poot’s faney, tickled by whal seems the con-
scigus relenting of the pure element, laid hold of it in the last resort
Lo redecm the honor of his heroes and hetoined,  Thus, when Abraham
was cust into u fieree furnnce by Nimrod for reproving the idolatry
of the lutter he eseaped unhurt from the lames; and Zorosster, when
an infant, is related as having been seized by the magicans, who
foresaw their future destruction at his hands, and thrown upon & huge
burning pile composed of wood, naptha, and sulphur, but through the
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interposition of Hormuxd “Lhe devouring fume became as water, in
the midst of which slumbered the pear] of Zorosster,”*

Shadrach, Mesach, and Abednego are said to have met & similar
experisnce when thrown into the fire by Nebuchadnozzar*

“Of the sage Vasta, whom his younger half brother formarly at-
tacked as the son of & servils woman, the fire which pervedes the
world burned not even a hair, by resson of his perfect veracity." !

Two hundred years before Christ, Eurivs establishod himsolf as tho
leader of the insurgent slaves hy breathing fire and smoke from his
mouth, snd Barchochebas, the ringleador of the revolted Jews in the
reign of Hadrian, clximed to be the Messiah from his power of vomii-
ing flames from his mouth. The priestess of Diana Parasyn in Cappa-
docin, s Strabo states, commanded publie venerstion by walking over
burning coals; and Shinvak, the gentlest and most amishle charneter
inShal-Nameh, proved in s similar manner, secording  Firdausi, his
innoeence when acctsed by his father, Kanoos, of adultery with one of
his wives. Firdausi states that before doing so he applied camphor to
his whole body and then passed rapidly through the fire ungeathed.
Voltaire suggests that the feat is no very extraordinary proof of skill
or address when the movement is rapid and the face snd hsnds are
well rabbed with cintment, Tt was thus that the formidable Peter
Aldobrundin; or the “fiery Peter,” as by was ealled, managed when
he passed hotween two blazing fires at Florence in order to demonstrate
with God's help that his archbishop was » knave aad & debauchee.
And in our own days we have read of « fireproof fest performed st
Banares in broad daylight and in presence of creditable witnessns,
not only by privilsged persons but by auy that willed it, fire being,
acenrding to them, previously brought under control s

Mazdak, the Porsian psendoprophiol and socialist, soquired great
influence over the weak-minded King Kobad by his mystie fire,
which wes contrived to give answers, and Zoroaster was to a groat
extant indobted to his self-burning perpetual fire, whicli he alwavs
handled freely without feeling sensitive toits touch, for the rapid spread
of his fmth.  Acvording to Pliny the Hirpi family enjoyed the herod-
ikary property of being incombustible, which they sxhibited annuslly
i the temple of Apollo on Mount Soerate.

‘Similarly Narpatarounal, or the festival of ihe fire, used to be held
annually in Tndis in honor of Dharmaraju snd Dravpadi, who had
minrrind five brothers at the same time, snd every year quitted oné in
order to pass into the hands of another, but before doing which she
elwuys carefully purifisd hersell in fire in proof of her virtue.

¥ Diinbatan 17, g my,
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In the Ramsyans, when Rams, the incarnate Vishnu, distrusta the
fidelity of his wifo Sits, and bids her to hetake herell out of his
presence, saying, “ Thou art to me like light to a disensed wye,' Sits
with tears in her eyes protests her purity before her husband, and
finding liim not convineed turns to Luxman, Rama's younger brother,
snd savs, “Sumitra’'s son; prepare a funeral pile for me, the only
refuge in this disgrace; publicly disowned ss a wife, I can not bear
to live”' : and vindicates her honor by mounting a blazing pyre, from
which she is rescued by DBrahms, who comes to her assistance with
s mumber of minor gods, and restores her with blessing to hor dearly
beloved Rams.

So frequently, however, was it used us the engine of torture and
means of fraud that early as the days of the Jewish prophet Mosea
words of warning were sent forth denouncing its practice. The spee-
ial mention of this in the Hebrew Scriptures is with regard to the
passing of children through fire to Moloch, which was practiced for
the purpose of purification snd as n means of dedicating them to the
sérvice of the false god Moloch, un idol worshipped by the Ammon-
ites, otherwise called Milcom ™

These strocious practices of child snerifices arose, no doubt; from
the great readiness of remote antiquity to sacrifice even its dearsst
possessions Lo the service of God, whose fnvor it looked for, nod its
desire in return was & groat wish Lo know that the sacrifics had been
acceptabls snd the favor found, Imagination saw in the various
phenomens of nature a meaning and an interpretation by which the
Divine attempted to communiests with them, and fire, with ita mys-
tic nature and tongue of blue and vellow and swarthy rolling masses
of smoke, was the fit means of conveying the sarly gift to hesven.
This undoubtedly was the chief resson why fire came to be re-
garded ms the most ssered element smong some nations, as the
Romnns, the Prreses, and to s cortain extent also the Hinduos, and
the fire sacrifices attained a superiority over sil und developed most
largely in some of the ancient religions of the world. To this fecling
ia to be attributed the practics of our Parsee brethren in burning
aandalwood, frankincenss, and other fragrant things on their saored
fire s a grateful and a sweet enjoyment for the gods, and a token
that it had immedintely mounted up to hesven and been acceptod
there.

The homa coremonies among the Hindus derived their signficsnce
from the sams cause, and I believe the practices of burning eorpses
arose from w similar beliel that the Aumes devoured and put the
body face to face with his maker; and what botter way could be
found for the erstwhile wife snd now the bereaved widow to wocam-
pany her lord and master by the solfsame direet route?

T Kmes TL T, wed 11 Eluge UL 1L
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Agsin, as fire could be kindlod without human aid, as by lightning
catching the rays of the sun, or by rubbing two sticks or two stones
together, it soon came to be rocognized that the fire thus Ikindled
was the best for sacrifice, as though God himsall descended to mses
and receive the offering.'

About 1900 the Polynesian fire walk attracted the attention of
several selentific observers, and data on the subject were eollpcted
by Andrew Lang. No rational explanation being offered, the process
remained a mysiery. On the visit to the South Seas Dr. 5. P. Lang-
ley, secretary of the Smithsonian Institution, had an opportunity to
witness the most celehratod exhibitions of the fire walk at Tahiti
eandueted by Papa-Ita, a venerable hierophant of the ceremony: *In
& pit about § by 21 feet and 2 feot deep cordwood was placed, and
on this lnid waterworn stones of porous basalt and fire sat to the
wooll. The fire was continued for four hours, when attendants with
long poles turned some of tho stones over. Now the most impressive
part of the coremony began. Papa-Ita, tall, dignified, Hower-crowned,
and dressod with garlands of fluwers, appenred with naked fest and
with o large bush of 'ti' leaves in his hands, snd after going partly
sround the fire each way, uttering what sesmed to be commsnds to
it, want back and, beating the stones nearest him throe times with the
ti leaves, ndvanced steadily, but with obviously hurried step, dirsetly
over the central ridge of the pile. Two disciples similurily dressed
followed him, but they had not the courags to do so directly along
the hested center. They followed about halfway between the cen-
ter and the edge, where the stones were manifestly cooler since I had
satisfied myself they could be touched lightly with the hand. Papa-
Its then turned and led the way back, this time with deliberale con-
fidence, followed on his return by several new distiples, most of
them not keeping exactly in the steps of tho leader, but obviously
seeking cooler places. A third and fourth time Pspa-Its crossed
with a lurger following, after which many Europesns present walked
over the stones withoul reference to the priest’s instructions. The
ustives wers mostly in their bare fest, One wore stockings. No
European sttempted to walk in bare feet, excopt in one esss, that
of & boy, who, I was told, found the stones too hot and immediately
stapped back."

Doctor Langley made an extemporaneous test by placing a hot
stone in o bucket of water, and estimated that its mean temperature
was 1,250° ., and also found that the materinl was a poor conductor
of heat, so that it might be very hot beneath while sbove it might
have been cool enough to walk upon without diseomfort, aspecinlly
with native soles unnoquainted with shoes.

# The sbhove nowss srs from the Joorn. Antioep, Ber Bombay, vol. 4, 1000
102587 —20——13
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Doctor Langley concludes: ''It was a sight well worth seeing. It
was & most clever amd interesting piece of savage magic, but from
the evidence I have just given I am obliged to say (almost regret-
mm that it was not o mirsels."' "

 During my four years' residence in Japan T had several oppor-
tunities of witnessing the spectaculnr religious or quasi-religious cere-
mony periodically observed st the Ontake Temple, Tokyo, in the
course of which the officiating priests walk hurefoot over s bed of live
charcoal, throw boiling water over themselves, and elimb a ladder of
sharp swords set edge upward. Al these pretended mirneles, how-
ever, are susceptibla of scientific explanation, and it is only with
regard to the first mentioned, the fire walking, that I venture to sk
the privilege of making n brief statement in Science.

“To the great masa of the spectators in the templs enclosure, who
do not usually include more than the merest sprinkling of the ‘more
intelligent and better-educated classes of the Japanese people, the
supposed miracles are Lhe clearest demonstrstion of the supernatural
power of the priests, who would have it believed that it is solely to
their incantations that they owe their protection from injury. But
it is not necessary to be a very close observer of their movements to
perceive that the priests are not content with their perambulations,
genuflexions, and prayers, but are careful to rub their bace feet with
salt, ostensibly for purificatory purposes, before walking over the fire,
This fact brought to my recollection the ocecasion, 40 years or mare,
when Tyndall sstonished a distinguished audience st the Royal Insti-
tution by plunging his bare arm into molten metsl, the then Prince
of Wales, afterward King Edward VII, who was present, being pre-
vented from following Tyndall's example only by the determined
opposition of his wife.

“So sure did T feel of the efficacy of the salt as o protective agent
that on my seeond visit to the temple [ determined to follow the priests
in their apparently hozardous adventure, and so aflter rubbing my
feet well in the pile of salt I walked rapidly over the bed of glowing
coel, some 18 feet long. My confidence was not misplaced. In my
feet 1 felt only s sensation of gentle warmth, but my snkles, to which
no salt was applied, were seorched,

“After n careful examination of such of Tyndall's works as T had
nceess to at the Yokohams Club, without finding any reference to
the demonstration at the Royal Institation, I wrote to Sir William
Crookes, who not long before had mentioned to me his association
with Tyndall in some of the experiments that preceded the dalivery
of the latter's famous ‘ Lectures on Light.! In duo course I received
Sir William's repy, in which after reference to girtain matters of no
special interest in this connection, he said:

%6, P Langhty., The Fire Walk Cersmuny jo Tabdtl, Asn, Hept., Emith Tt 150, p, 29,
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" 1 do not know of any published socount of Tyndall's putting
his bare srm into molton metal, but T ean well believe it, us 1 myself
have plunged my hand into molten, almost red-hot, lead. T wasin
u profuse perspiration at the time, and immediataly bafore I dipped
my hand into strong ammonia to increass the spheroidal offect. 1 do
not think the extra precaution was of much use, but I did not like
to take a risk when looking ut the ewuldron of hot metal.’

"To physivists there is nothing new in all this, but not every sci-
entific man is s physicist, or hypnotism would not have boeen sug-
gested to nie, as it ks been, s the secret of the remarkable immunity
1 experienced."!?

Dr. A. C. Haddon, observing the fire walk st Fiji, came to the
same conchusion as Doctor Langlev i7

Mr, Hyde probably has reference to the following ineident, which
is taken from the “Memoirs and Correspondence of Lyon Playfair,"”
by Wemyss Reid, 1800, p- 201.

Playfair has told us in the preceding chapter of his reminiscences
of the success with which he carried out this program for the
instruction of the Prince of Wales in the practical spplication of
science to industry. It was whilst the prince was living in Edin-
burgh ns Playfair's pupil that an incident occurred which has
already, I believe, been published. The prinee and Playfair were
standing near a eauldron containing lead which was boiling st white
heut,

*“Has your Royal Highness any faith in science 1" ssid Playiair.

" Certainly,"” replied the prince,

Playfair then carefully washed the prince’s hand with ammonia
to get rid of any grease that might be on it.

“Will you now place your hand in this boiling motal and ladle
out & portion of itT" he said to his distingnished pupil.

Do you tell me to do this?"” asked the prince.

“Tdo,"” replied Playfair. The prince instantly put his hand into
the eauldron and lndled out soms of the boiling lead without sus-
tuining any injury. It is a well-known seientific fact that the humap
hand, if perfectly sleansad, may be placed uninjured in lead boiling
at white Leat, the moisture of the skin protecting it under thess
conditions from any injury. Should the lead be at & percaptibly
lower temporature the effect would, of course, be very diffsrent, It
requires, however, eourage of no common order for a novice to try
such an experiment, even at the hidding of & man so distingu ished
m sciones s was Playfair (p. 201).

At Raintea Colonel Gudgeon, British Resident, wulked barefoot
over the fire oven with no ill sffects.’

" Jubn Hyde. 'Sriones, new sr., vol A Aug. 18, [0, p. |52,
IXstum, Dee |1, 1902, b 10,
" lourn. Palyaesian See, Welllugton, New Zeilind. rol. 5, b, pp. 520,
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A suggestion of the fire walk or of fire jugglery is containad in the
narrative ncoompanying the Song of the Fire Charm of the Chippewa.
The spisode relates to the medicine rubbed on the fest, preventing
injury when a man stood in the fire

PYROMANCY

Belief in the magie power and properiics of fire appesrs in the
many curious methods of applying this belief. Pyromanecy, or the
divination by fire may be treated here in connection with s number
of more or less related customs, snd & few of the many typical
instances given.

Lafitau. states that the Ahenakis and the Algonkinng are much
addicted to pyromancy. They make charcoal of cedarwood, which
they pound aud reduce to sn almost impalpable powder and which
they spread out in & certain way, after which they touch fire to it
and divine by the way in which the fire runs.*

This is & common snd almost universal form of pyromancy, and
somotimes unconscionsly used by cultivated folk.

The Hutehin Kutchin Indisns of Canads observed this supersti-
tion: “When the fire made o hissing noise they threw in some fat
and asked to be able to kill some animal.”"*

The Maoris of New Zenland believe that s jet of gas from burn-
ing wood is caused by a soul that has come to obtain fire.”

1t is seen that the various noises made by combustion of fusl in
the fire are supposed o be voices of the fire spirit. Such heliefs of
the folk are often embalmed in literature and serve to make senses
of foreboding more terrifying and impressive,

George Brown says: ‘“There is one supreme uvil spirit who is called
Sakusaku, snd he is supposed to be specially sclive from sunset
to midnight, sfter which hour bo is not so dangerous. Fire is sup-
posad to be u safeguard sgainst him. Evil spirits are supposed to
muke s whistling sound, and if such & sound is heard at night the
people in the house will ery ont to poke up the fire and make it burn
hﬁght;""

Among many tribes fire is consulted before various undertakiogs
the outeoms of which is doubtful, a5 in war by the Mexicuus and
South African Bantu, This and many other customs are strongly
held Bs u stage of culturs when reverence for fire is deeply ingrained.

The Sibarinns use a form of pyromancy with flint and steel. Luck
i5 dotormined by the way the sparks fiy.

W Franess Dunsnors.  Chippewn. Misic, Full. &, Bur, Amar, Kitool , 1070, p, 1@
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As u form of exoreism the Japanese had n custom of striking sparks
from Hint to the compass points to ward off evil influences. A Bush-
m.ln!n exarcism to get 1id of tho evil influence of bad dreams is as
follows:

“My mother used to do in this manner when she intended to go
out to seek for food; when she was about to start she took a stone,
and as she plunged the stone into the ashes of the fire she exclaimod
‘Rider (¥) yonder!' while she wishes that the evil things about which
she had been drenming should altogether remain in the fire instead
ol going out with her. For if she did not sct in this manner, they
would go out with her."

A Finnish exoreistic vapor formuls from the Loitsur (p. 138) is a
curious exmmple showing the extent to which the superstition msy
be cagriod:

*0) Steam be kind, be moderate Heat,
Fall, Noxious Vapor, to the ground.
O Evil Vapor floe away
Ot through the keyholo of the door
Or into the stones of the stove, inside
The moss that stops the crovices,
Or into the yard through a pipe, or through
The door, thou Vapor recking of the buth,”*

An example of exorcism by lamp flame from Merket, Turkistan,
is given by Sven Hedin:

“The exorcisers enter the sick room and pare attentively into the
flame of the oil lamp, where they say they ean see that the women
is possessod of un evil spirit.”™

Lafeadio Hearn says that in Japan fox possession is driven away
by burning th patient.”

In the same country charms against fire consists of strips of white
paper with text and picture of s black und & white fox.® Charcoal
is also a protection against evil spirits.

Soma curious Hindu superstitions from the central Provinces are
givin by M, R. Pedlow in the Indian Antiquary for Feliruary, 1000.

“To guard children agninst the evil eye their mothers disfigure
them by applying lampblack to the eyes or make black spots on
their forhead, choek, or chin; bui girls are usually tattooed, not
marked in this way.

*When children are attacked by the evil sye they show it by their
appetite falling off. To remedy this the mother takes salt, dried

"Eﬂd-.-_li‘!uﬂtm Fuolichors, Calleetad by W, 11, L Blaek, s 0, m0d L 0. Libyd  Lasein,
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chillies, and charcoal, und puts them into s pot of water colored with
lime and turmeric. This is waved three times over the child and
then spilled on the ground, or the ingredients are cast dry into the
fira with some of the ehild’s hair.”"*

The value of fire in exorcism is believed by the Eust Africans:
“Cin the other hand, a living man pursued by the ‘bad people’ was
ubla to make good his escape by interposing a fire befwixt himself
and the ghostly pack.™

This is like the story of the woman who drove the pig to market,
and the obstacles were not overcome Lll “fire bhurn stick™ supplied
the impetus of power.

The Mohave Indians of Arizona have a dream superstition: * One
may dream of being bitten by a rattlesnake; or one may dream that

fire falls on his finger; in cither case an actual rattiesnake will he the
result. " ®

ILLUMINATION

Three great events have profoundly influenced the ndvancemsnt
of man. These are fire domestication, language, and agriculture.
Without diseussing the relative importance of these steps to civiliza-
tion, it may be said thet language is preponderantly a psychieal de-
velopment not entering the technological stage of writing until late,
while fire and agriculture are technical from their incoption. The
phase of fire relating to light also eame into importance long after
fire had besn employed in ceramics, metallurgy, and other key uses.

Fire sdopted in the past became ut once a source of light, which
was artificinl in the sense that it could be obtained st will st other
times than when the fire was replenished. Light in the aspect of
temorary expedients no doubt had had myrinds of instances. The
custom of the Kwakiut]l Indians of British Columbia of throwing a
dash of oil on the fire to produce a bright light is & case in point;)
The brand taken from the lire suggests the toreh, which is regarded
s Lhoe beginning of illuminating devicea. The classification of light-
ing devices is as follows:

Torch,—Vegetable, animal, and mineral. Toroh holders

Cundle.—Vegetabls, animal, and mineral. Candleholders.

Lamp.—Simple lamps to Argand and to modern lamps. Forms
and improvements of lamp.

Gos—History and development,

Electric—History and development,

Modern inventions.—Magnesium, oxyhydrogon, acetylens, calcium,
ele.

= jmmor. Anthreq., vol. 3, mw e, (W0, T 10

= W. Soormiby Roilledpe snd Esiberive Roatkdes. Witk o Prellitorls Pooplas  The Al of
itk FTasm Alsiss, Lomidon, 1000, by, TETT.

w A, L. Eresber. The Mohave Indisss, Ay, Auihrop., (owe see), vol, 1, 1007, o 39,



FIER AB AN AGERT IN HUMAY OULTURE 185

It i & question whether the first use of fire wus not more for the
bonefits of its light than for any other quality, In a life the reverse
of artificial, like that pursued by our remote ancestors, fire heat could
only be a subordinate need. Anterior to all these considerations wo
miust suppose that man liked fire and that he was heliotropie; as biolo-
gists apply the term, Thus it follows that his instincts were in
accord with' the sct of takingup fire and making it n part of his
material belongings,

The successive culminations of lighling inventions is graphically
shown in the following illustration (fig. 3).

The rational of light i still subjeet to investigation; in which prog-
ress is being recorded, but nothing conclusive ns to its physical
explanation has yet been reached. The natural esuse, which is the
first «ivision, and the manifestations of light in nature are not in the
scope of this work. Artificial causes in the sense of man's manipula-
tion of this branch of the correlated forces of nsture to minister to
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his needs is the second division. In this branch is seen the develop-
ment of illommation from simple devices to complex ndaptations
drawn from chemistry and physics, Thus the history of illumination
may begin with the burning brand, cover the wide field of illumi-
nants, becoming more complex through resctions of other setivities,
until it reaches the threshold of the age of science and invention.
It is observed that illumination throunghout the greater part of jts
history depended upon organie materials, that is, carbon fixed by
lifs forms. In the age of science and invention, which may also be
charnoterized as the age of the harnessing of the physical forces, elec-
tricity opens a new field nnd s new illuminating agency.

The purpose for which light 18 to be used, the place of its use, the
culture period, and the environment are modifying influences on
materials and the character of the apparatus,

It appears inevitable that the higher types of illumination sppa-
ratus would not huve arisen save in the temperate sone, where the
nights are long. Tho open fat lamp would seem to originste in many
cases from the kind of fuel available fo~ burning, ss well ps from the
enforced simplicity of s low stage of culture. The Eskimo were
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compelled by their environment nnd the charnoter of the fuel to use
an open lamp.

The various internetions of environment, fuel, ete,, as in the cuss.
cited, often give rise to forms of extreme primitiveness in the midst
of inventions which evidence s high civilization. As s historical
fscl the tropical and subtropioal lnmps were simple and undiffereati-
ated because there was very little need for artificial light, since the
uniform day and starlit night, together with the simple habits of the
people, rendered better means unnecessary and waccordingly not
linhle to appear under thess repressive influences.

The hroad periods of day snd night with shadings of twilight form
the natural optic environment in which man is planted ns o part of
animate life. The natural state of existence which is sssigned to
early man enforced upon him u general uniformity. The activties
of vegetation are for the most part dinrnal; of knimal life diversified,
that is, relegated to night und day according to specific habits, Man
being in growth uniform with the animal kingdom, wea in his ne-
tivities primarily a day animal, providing for hirselfl » place for rest
st niglt and not roving abroad for nocturnal adventure. The nor-
mal life of tribes in a low state of progress seems to bear out the
latter generalization.

The change in habits hronght about in the human species through
the sdoption of fire and thence in some degree the use of artificial
light has u speculative intereal. That a chunge took place, however
rudimentary at the outset, is undoubted. Tt is ensily imagined, even
logically to be advanced, that the earliest appreciation of fire was
psychological, ite brillinney st night in contrast with its eclipss dur-
ing daylight being mest marked and giving a sense of comfort and
relisnce. In no sense were the utilities of fire comprehended. It is
possible that the ancestors first took up fire ss they would a bright
‘stone, festher, or anvihing else that might exeite the curiosity.

Naturally, thare was other experiences connected with the capture
of fire that are not necessary to be discussed here.

The utilities that followed the possession of fire, however, are
within the provinee of safe speculation. Of these uses the first is
light, which thenceforward from the small beginnings woulld produce
incressingly changes in the habits of man, The consideration of
light us s civilizing agent of importance would touch upon the sd-
vances in the science of illumination, using the steps ss an index of
man's progress in culture. We mey now in this age sum up the
bennfits that light hus conferred upon civilization snd may prophesy
concerning the dovelopments with which the future is burdened.

Befare skotehing the salisnt fentures of the subject it msy be men-
tioned that the attractivencss of light for many species of snimals is
» matter of common observation, sad it is also known that many
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gpecies possess licht organs us part of their economy, Hence the
lures of hunters and fishers, and the sexual and other lures of light-
producing animals. It has porhaps been less noticed that the habits
of animals are much modified by the artificial lights of man, especially
under the relatively great increase of gas and electric illumination.
Night-flying insects generally have suffered, because their resction
to light iz total, Day-flying inseets have taken on an extended term
ol activity, us may be observed in the change in the habits of the
house fly. The tragedies which surround an open aro lamp are fa-
miliar to eity dwellers, and among the myriads of dead or stunned
imseets, bats, and toads ply their quest by the aid of artificial light.
The lights along trolley lines and country roads also must be respon-
sihle for great dislocations in the habits of animals. Migratory birds
have suffered losses from lighthouses, not being, ss commonly said,
bewfldered by the glare, but more probably vielding to the attrac-
tion of light.

Observations seem to render it possible to classifly animals by
their reactions to artificial light into animals averse to light, those
neutral or favorable to light, and those more or less strongly attracted
by light. There would be considerable diseussion for and agsinst as
to natural reactions to light of the different races of mankind if such
s statement were brought forwand that tropical man dislikes light,
Temperate Zons man is noutral to light, and Frigid Zone man likes
light, 1In reality the preponderant factor here is the preservational
instinet by which man adjusts himsell to his surroundings. A pro-
found need, however, is expressed by the faot that artificial light is
one of the more prominent inventions which man has brought to his
aid and at which he has assiduously worked. The use of artificial
light has hocome s human charactenstic. Some observations on the
zonal environments connected with the development of artificial illu-
mination and its chiel foatures are sketched below,

In civilization, where sopial differentistion had developed the
active, cultured, enterprising, intellectusl, ecclesinstic, and parasitic
classes, the need for more light was first felt. Thé weary masses
remained practically in a primitive state with regard to the common
uses of light, and the bulk of humanity still remains so0. This vest
substratum forms the material upon which the illumination engineer
wotks, and the economic possibilities here are apperent. \

mu e

The equality of duration of day and night in the Tropics tends to
conservatism in the arts of life. It will be seen that in the Tropics
inventions for the production of artificial illuminaton sre most
primitive. The Tropics are overwhelmingly in the torch and candle
stage, and show only & rudimentary beginning of the lamp in some of

10283 T—20——14
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tho higher tropical and subtropieal civilizations. Since inventions
roflact human needs, the demand for lighting apparatus was at a
minimum in the Tropics and it is evident that work connected with
arts and industries wore preponderantly earried on in daylight. The
work periods varied somewhat for different occupations, but gener-
ally were massed on the fringes of the day before the sun had
reachad his full power and when his rays begin to lose their burning
effect, It is evident, however, that the basic inventions which
underly the present science of artificial illumination were worked out
by endless more or less unconscious experiments by the inhahitants
of this zone.

THE TENFERLTE DOWE

Radically different conditions obtain in the Temperate Zone, with
its ssasonnl varintions of the intensity and duration of light and
the elimatic and economic stresses characteristic of the enviroment
of the most enlightened section of mankind. This 2one furnishes
the groatest varioty or variability of enviroment., It is the zone of
incentive. The arts of the Tropies transferred to the Temperate
Zone have reached their greatest development. Man and his arts
have reactod and interacted here to their fullest extent;, and the
result inatead of being elimaetic mark only the beginning.

Of thesa developments the effects of illumination upon social life
and the ensuing reaction upon the inventions of deviees to produce
better illumination reflect only ons of many striking achievements
of progress. Nevertheless, the seience of illumination; as we know it, is
vory recent,  The chiefl difference betwean the Tropical and Tem-
perate Zones in respeot to illuminating apparatus of the noninventive
peroid isin the adsptation of such apparatns to the needs preseribed
by the enviroment,

THE RS SesE

The Eskimo, according to travelers, spand the long winter's night
in proparing their hunting equipment for the ensuing summer, fash-
foning ivory, ekin, and stone into objects of nse, and they consume
much time outside of such economic pursuits in carving trinkets for
the children, masks, and other objects which displey great inventive-
ness.

The life of the Eskimo during the winter is not the struggle with
ernui which the civilized man fights when camped in the Aretic,
limited in sction by the cold and the darkness, and hemmed in on
himself by sueh depressing conditions that he must find ocoupation
or die. The native, on the sontrary, has ever hefore him & vast
outatreching need for tools of the best quality for taking the snimals
which he not only requires to supply his fvod, but the materials for
clothing, transportation, und even the implements by whioh the ani-
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male themselves are captured. He is at the zero of vegelnl food in
his subsistence und at. the top of the scals in the uss of animal resotrces
in his culture.  Again, he is at zero in the amount of duylight at the
period when house occupations are necessary.  His need for artificial
light isimperative. 1t will be sesn then that nothern Intitudes conduce
to progress on account of long nights and long periods which can be
devoted to work within the house, Nature in the desert and favored
Iands stimulntes contemplation in open air. Northern unfavored lands
drive men to hard toil and give little time for contemplation. Here
the enforced house life, with its sooupations and associations, strength-
ens the mind and enlarges the brain.  The theory is that to house life
more than mastery of land or sea is due the ndvancement of the Sean-
dinavians. This theory, which partakes of the uncertainty which sur-
roungs conclusions, had mueh in its favor. 1t is supported by the
observation that the Eskimo are the most inventive of the races of
mnn; but is opsn to question as to cause by reason of the fact that
tribes in a similar rigorous environment are quite hackward.

The social nature of mankind, demanding the gathering together
nt times of groups for various purposes, originated muny features of
interest which have heen ohserved in the life of tribes nearest to or
whose condition is suggestive of the primitive state. Survivals also
of primitive customs give valuable data in this connection. The
netivities referred to appesr mainly in the night side of man's life,
when the distractions of diurnal work are laid nsido, and eonsist of
ceremonics in which dramatie elements prepondersts. The eliel
requirement of these * dances” i a fire, or sometimes they are per-
formed under the natural light of tle moon, In these coremonics
smong all races of man the fire is the nucleus of the night observ-
snces. There must be considered hers the psychology of man's he-
havior toward fire, with the concomitunt stimulstion to the emotions
excitdd by this element. These emotions are not stimulated by
sunlight, and to a limited extent by fire in the deytime. The motion
rhythm of fire seen st night may partly explain this, and instinotive
survivale brought up from the subeoncionsness play a strong part.
Bonfires produce an exaltation mingled with s primitive terror
arising from s knowledge of the effects of unrestruinable conflagration,
the might of fire when it gets loose. It is instinetive when a bonfire
is well under way to look around and resssure oneself that it esn not
apread to other combustible materinls, Animal behavior with e
gard to firo nnd its bearing on human reactions forms u chaptes of
peychological investigation which can not be entersd on here,

There i one curious phase of the effecs of artificial light npon the
communication of idens to whick attention is ealled. Wherever ges-
tures ure 8 component of language und mare or less essontial to ex-
pression and to understanding on the part of the auditor, visuality
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of the speaker would be of advantage. Consequontly artificial light
may be essential to communications at night. It is of frequent ob-
servation that light is used and required by aborigines in cicoumm-
stances where legends and stories sre told after nightfall. The value
of noting the farial expression of the speaker is also important. Fol-
lowing this by-product of the subject it msy bo inquired whether
there is a busis for the obaervation that the speech of various groups
of men is fully gesture-sided, incompletely sided, or destitute of such
aid. (estures may be considered us the communicution of ideas by
mesns of muscle reading or as symbolic or pictorial, suggesting the
incorporation or survival of sign language as an element of spoken
language. _

The impression is that artificial light is an important factor in aid-
ing the expression of ideas through speech. A

It is interesting to note that srchitecture and light s so closely
connected in cause and offect. The house is usually thought of ss &
protection against cold, heat, rain, or wind, but rarely as & protection
agninst light, Nevertheless this feature is as prominent as any men-
tioned, due weight being given to the environment, The raeial char-
acters of house construction sre not considersd here, but it will be
found that the simple dwellings of uncivilized races have coverad the
light problem as well as the complicated houses of the civilized. It
miy be remarked that the window opening and rvofs of the houses
of eivilized man are the chief festures by which srtistic expression of
buildings is achieved.

Many domestic industries were carriod on by firelight, and the
fumily gathered about the hearth has always formed u picture which
ean not be excelled in primitiveness. Needs, however, for o rather
special coneentration and position of the source of illumination stimu-
Isted the invention of holders, brackets, stands, ete., about the fire-
place, using primitive wood illuminants whose combustion produced a
reek of smoke, requiring a long experience to produce a partial im-
munity. For moving the light sbout more freely then came the
torch stand, the candleholder, or some form of grease lamp. Gradu-
ally oconpations which required careful seeing developed lorms of
lighting apparatus suited to their special needs, as the weaver's lamp
which could be hung over the work, the hrewer's lamp, which conld
be stuck in s post or barrel, and the like. Often the kitchen pre-
served the most primitive styles of illmmination, while the *‘best
room” had the Iatest. There arose, therefors, in the early
period n considerable diversity in illuminating apparatus designed for
specinl needs without in any way leading to the production of betier
light. The effect, however, of the incressed utilization of light
through inereasing the hours of Inbor is notable and lss produced a
great effect upon human progress.
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All products of man's inventive thought are subjected to & con-
stant improvement. When man felt & need for artificial light and
devised the first way of making it shine forth for his use, from that
moment the slectric light was u loregone conelusion.  More light was
the keynote, and with this in view the history which is unfolded in
the struggles for improvements in lighting makes up one of the
nmost instructive chapters of progress,

The division of the day into the ideal periods of work, recreation,
and sleep has beon sadly disorganized. The period from Argand to
the present has seen inventions for increased illumination so radieal
that the human mind tires of the effort at comprohonsion.

The growth of the use of nrtificial illumination increases pari passu
with the expansion of human culture, and is an instance of the corre-
Intion of supply and demand. The variety of uses to which illumi-
nation is put also grestly increases in response to social and industrial
devolopments, but from the peint of view of invention looking to
better light thero may be negligible progress. This is the history of
artificial illumination from the begimning of the definite use of the lamp
through the rise and fall of great civilizations to less than two and a
quarter centuries ago. A tremendously long period. also alapsed be=
tween the primitive illumination usages and the employment of the
simple vessel called the lamp.

All inventions have us n basis the need for surmounting or render-
ing subservient natural obstacles. Upon these inventions nre
pyramided improvements, other lines of inventions and interactions,
combinations, and developments in bewildering arrsy, It is Lo be
expected, therfore, that man would earry forward his use of fire to
tha Geld of illumination, and this would eccur st gn early period.

AEEARES N THN TWYUNE OF &ETWHTAL LRI NG

The present age looks forward to procuring an abundent and cheap
source of brilliant light olitained also with & minimum of mechanical
aid. Tt is admitted that this is an ideal worth striving for, difficult
of accomplishment, but not un impossibility, As part of the work
of the world it hus received unremitting attention sines the begin-
ning of human conscionsness, growing slowly for & long period and
e and tmore rapidly to the present. In the little span from 1780
to now 4 vust comprehonsion of the world of radiant energy in its
application to the science of illiminstion has taken place. We may
look with allowable confidence on the near attainment of the desid-
erata mentionsd above.

The mevitable tendency of the lighting arts is to build up enor-
mous systems of producing and distributing, the complexity of this
group of industries becoming rapidly greater with every sdvanee in
the two phases mentioned,
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Ancient man wrenched some bark from s tres; made it into a bun-
dle, lighted it ut the cump firs, and the whole mdustry was coverad.
Modem man mines coal, transporta it, burns it, steams engines, runs
dynamos, pets electricity, regulates it, distributes it, mossures it, and
lends it into the lamp, using scores of direct or collstersl industries
and hundreds of inventions in the provess. A eatalogue of the require-
mente of this gigantic eongeries of industries; whosa ramificutions
appear to be unlimited, would require the continued sffort of many
individuals. For sges man merely set the train by which oxygen
would combine with carbon at a rate which produced the phenomena
of heat whose useful end term was light. For an enormous span in
man's history lighting remsined as an art untouched by science, and
utiliming only the obvious promptings of nature to the affect that
light was one of the results of the combustion of organie and some
mineral substunces. The group consisting of natural or easiest avail-
sble minerals nusad for lighting are enrbon minerals, which without
refining are of little value except in the csse of natural ges. The
solids of this cluss were found suitable for the crude methods of out-
door lighting practiced in early times, and the semisolid and fuid
members found a limited use in later times, hoing froquently men-
tioned by classical writers.

The other group consists of organic substances; such ss wood, resins,
waxes, fata, greases, and oils, which from ancient times were the chief
reliance for light. These substances possessed s higher degree of
combustibility and gave less residus of a disagreeable charactor than
substances of the first elass. Tt is evident from experionce that a fuel
fulfilling the exacting conditions required for hghting esn not be
derived from this class. 1t iz also true that until the advanes in chem-
istry reached a high point the first class of substances could not con-
tribute as they have done to the seionce of llumination and in other
ways to the welfure of the world,

A third cles marking sn important step in advance is remarked
in gns, at first collected in a pure state from the laborstory of nature,
and later the product of chemicn! engineering. Natural gas was
known to the ancients, but they had no facilities for its practioal
utilization, and to the Chinese, whose possession of bamboo tubes
gave riss to some efforts in conducting and use. Coal gas was also
observed to be a by-product of the combustion of seft coal by the
earlicst users of this fuel. In metal working practiced from quite
ancient times the smelters must have observed the sccumulation of
gases. Nevertheless, by the inexorable law of progress the technical
requircments and public needs did not synchronize till the close of
the eighteenth century, Still another class of comparatively rocent
discovery is radium and the radiosetive elements, In the resparch
for light these elements have nol as yet shown any promise. To nse
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the worn expression, “if we had a cansiderable smonnt of radium”
something would cone of it in the way of illumination, but not heat-
less light.

It is not necessary that the light of the future should be without
heat, however much this feature might be desired. The requirement
appears to be the harnessing of a forcs now just out of our resal, bus
which science sometimes fesls is ¢loss in, which intensive work and
good fortune will put under our control, This desite to reach for
the key to the stronghold of illimitabls force may be irrationsl, the
possession of the sseret might lvad to & world-enveloping catastrophe,
but wheu did scienee show fesr in entering the arena of the unknown1

A fourth class, that of electricity, did not gmeTge in ANy encour-
aging degree till the lntter part of the ninetoenth century, when
mechanical technology began to furnish means for achisvement of
eloctric lighting. Beginning with the arc; that wonderful discontin-
uity, thero followed a bewildering series of inventions and improve-
meuts which have given us our most modern light. The limits of
electrio lighting, we may say with caution, appesr to have been
visioned. Tt is probable that from this branch the lighting of the
future will not be derived. Up to this period ull artificial light uti-
lized was yielded by the incandesconce of particles of carbon in a
gaseous medium of high temperature, The early eleotric lights were
ulso of this class, There is about to be developed here illumination
not depending on this age-old feature,

There is another class of substances of comparatively recent isoln-
tion which give promisé as to the light of the future, As aresult of
extonded experiments thorium oxide containing a trace of cerium was
made to produce the powerful radistions familiar in the Nernst and
mantle lamps, economically also in the latter by using the less-axpen-
give fuels ws gas and coal oil, especially the lstter. Cortain other
chemical elements, such as caleium, magnesinm, phosphorus, tungsten,
uranium, vanadium, ete., possess possibilities which have not been
fully explored.

The present state of our knowledge of the nature of light repre-
sents a very marked advance. The chiefl feature which seems to be
established is that light has mass. That it has the utmost conceiv-
ahle velocity possessed by matter in motion is not s noval statement,
Professor Langley's ealculations that one thirty-quintiliionth of &
horsepower is eapable of muking us see sets a term to the natural
vision. It was also pointed out by Professor Langley that light as
produced by man is the result of a wasteful expenditure of power
from a human standpoint. This waste of energy is enused by the
npcessity of bringing the emitting substance from normal to incan-
descence.  Celestial light is seen to be the result of s prodigal expen-
diture of the illimitable forees of nature.
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In the organic world, however, we find » remarkable phenomenon
which seems to set at defiance our previous observations and pain-
fully built mechanical structures, a light produced without heat,
exemplified in the common firefly. Dr, E. Nowton Harvey = states
that progress in the realization of heatless light will not be mude
unti! the synthesis of the light-miiting proteins & nccomplished
Since proteins are among the most complex of organic substances,
no protein having us yet been synthesized, we are here in the
enoe of one of the many mysteries of organic reactions in the handling
of whieh chemists and physicists have only muds the faintest begin-
nings, have in fact only advanced by grace of fortunate gaesses or
secidents, as Dr. D, C. Gilman les pointed ont in his remarks on
organic gynthesis. In these cases what seems to be simplicity itself
ia too often only enormous complexity. It is believed that the at-
tainment of heatless light would be of great importance to the world,
bt it seems inevitable that mankind must wait patiently for o long
time for the result. Doctor Harvey also says that the light if
sequired would be too green lor comfort, in fact ns distressing as the
mercury are light.

The cumulative results of science and the amazing interactions of
theso results, their elucidation of problems in other fields, their new
puints of dnpurtm for other investigations in totally unexpectad lines,
can not but hearten those who survey the field ss to the potential-
ities of the future. The wonders of nature transcend the wonders of
science, but no one may dogmatize and set limits to man's cunning.
It is; therefore, not improbable that heatless light may be realized,
though we may not pm:!ml that it will come I:hmgh the organic
waorld,

1t is affirmed by pliysicists that all substances send off radiations,
therefore if the human eye was an all-allicient organ man could see
by & multitude of lights, Beyond the limited range of the eve, how-
ever, man 4 compélled by instrumentalities devized by himsell
to exploreé what in our circumseribed perceptions we eall the dark
places, Our first insight into this vast region wes conferred by
that epoch-making instrument, the spectroscops. The compo-
nents of light made known by the spectroscope showed clearly that
this common radistion s extraordinarily complex and that it bears
the stigmata of all existing things carried from the ends of the uni-
verse. Spectrum analysis with constantly improving instrumenta-
tion has made great strides not only in telling us of the materialas of
the universe, their conditions and motions, but also of forces carried
in light, the nature and purport of which we are still in ignorancs.
Speéctrim analvsis is still in its infaney; the groundwork i done, but

o Tl Naturs of Aotmel Light. Philsdeiphla, Lo,
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esch step in advance now requires n great outlay in patience and
money.

The utilization of artificial light viewed so far as may be posaible
in its entiroty is a record of nohievement in which the sensstion of
wonder finds itself overworked. George Tles, in his Flame, Eloe-
tricity, and the Camers, makes illuminating exeursions in this fisld
of marvels and touches the salient festures. It is u trite saying,
however, that no one ean keep abreast with the sdvances ina single
one of the specialtios of sciencs,

Inquiries into the nature of light have furnished materials for a
classifiestion of the kinds of light, It is now known that there are
a number of kinds and qualities of light. _The light with which the
common human sctivities are concerned is that form of “radiant
enepgy " to which the human eye in its development has adapted
itsell, or, to turn it about, has caused the ove to be foresd to its
appreciation. Thisis sunlight, the standnrd by which all the varieties
of light observed by us are rated. The illuminstion engineer in the
endeavor to furnish light in the greatest amount and of most general
use sesks to approximate this white light, He strives to turn night
into day.

The analysis of white light by the spectroscope immedintely ren-
ders it evident that the eye is concerned with only the short range
of median eolors to which it is adapted, the red, vellow, and orange.
The eye perceives all the spectrum the character of whose encrgies
is eapable of inciting the function of vision.

The humas eye has developed in two lines, uamely, 1, accomodation
to daylight by structural developments to regulate the amount of light
falling on the sensitive surfase; and 2, nccommodation to diffused light
by which the sensitive surface rogisters to the minimum of radistion.
Maun's eyes register to light only, and he is therefore required to move
about in the derk mainly by means of n tactical sense comhining
other senses, That “seeing in the dark’" is possible is a widespread
but fulse belief,

The ehronicls of firs, with its body of wondotful achisvemonts in
tho development of arts for the benefit of mankind, is nearing the
end. Other forces more wonderful are on the point of being unlocked,
and they will eanse the crude thaumaturgy of fire to sppesr as ridic-
nlous as the incantation of u medicine man.

FIREFLIES

Of the nutural sourees of illuminstion the most suggestive and
perlinps forwand-looking in the trend of modern seivnce is the tse of
firellies for light. As & method of illumination firefly light stands
nlone, It ean not be assigned s & stop in the origin of the toroh or



196 BULLETIN 188, UNITED STATES NATIONAL MUEEUM

lamp. It can only be placed with a series of erude offorts which
show the mind of man at work on a specific problem which has
confronted him, eventually to crystallize in a toreh, a lump, ar a
candle,

There are numbers of instances in America and the Far Bast of
the use of light-emitting beetles, in the lormer region s Pyrophorus
and in the latter & Lampyris, names of the type genera, The Pyro-
pharus is un insect 1 to 13{ inches long, having two circular light
uroas on the sides of the thorax and a large flashing light ares on
the ahdomen. The Lampyris produces light flashes from the abdo-
men alone, as is the habit of the familiar Temperate Zone species in
Americs.

Early historiaus of tropical America were struck by the sovelty of
the Pyrophorus. Herrera in his aceount of Hispanola says: «,

“There were at finst found s sort of vermin, like great bestles,
somewhst smaller than sparrows, having two stars close by their
oyes and two more under their wings, which gave so grest a light
that by it they could spin, wesve, write, snd paint; and the Span-
iarda went by night to hunt the Utins, or little rabbits of that coun-
try, snd s fishing, carrying those animals tied to their great toes or
thumbs, and they call them Cosuyos, being also of use to save them
from gnats, which are there very troublesome. They took them in
the night with firebrands, because thoy made to the light snd came
when called by their name, and they are so unwieldly that when they
fall they ean not rise egain; and the men stroaking their faces and
hands with s sort of moisture that is in those stars, ssemed to bo afire
83 long as it Insted.®

Bernal Diaz in his firet experience with the Pyrophorus thought
them (o be the matehlocks of numerous ensmies in the forests snd
ardered his soldiers to prepare for action.

In & tapir hunt on the Mosquito Cosst Squier deseribes his attend-
sot s catehing his hat full of fireflies, which served to guide them
in the bush. He then pulled off their wings and seattered them
through the fallen trees, where they gave light enough to enable the
hunters to distinguish objects with considernble clearness,

In 1858 Charles Lazto sent to the Smithsonian a Pyrophore with
the following description

“From Chinameea, on the Isthmus of Tehuantepee. When the
bug 1s alive the two round spots on its back give such s powerful
nnd steady light that ina dark room all objects can be distinguished,
and at a distance of 6 inches small print can be read. At lamplight
their light is of beautiful bluish-white color without flickering. Owing
to this they ure csught in large numbers, snd the women going into

® iarrarn.  Oemarsl Timory of Amarica, Loaden, 1T, vol, 1, p, 37,
® Mosquito Cosst, Lesdon, 158, p. 137,
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the fandango (nstional dance) which they have twice o week, namely,
on Saturday snid Sunday nights, all througl the year, fasten thom on
their hair and headdress, and sometimes they make whols garlands
on their dresses of these poor shining captives, when, as they are:
ddressed very geyly and full of jewelry, one would would mistuke
them for fsiries.”

Another traveler records:

" The Pyrophores are inseets about 1 inch long, from Mexico, whire
they are fonnd in the forests: They are very brilliant and it issaid that
the Indians of Mexico use them for light nt night, us & few are enough
to light a whole room. When they sre walking st night they put
ono on eaoh foot, 8o that they can bo sure of their way and to avoid
siakes. The Mexican ludies buy them of the Indians and enelosa
them in u transparent bag, which they wear in their hair or at the
neck. Tha effect is very beautiful, especially whon several are worn;
and as the Indisns soll them for a fow cents n dozen, they are within
the reach of every seflorita. They ure fed on sugar cane, and if wall
taken eare of will live a long time. One placed on & page will snable
it to be read with easo on the darkest night.''® '

The celebrated naturalist Kaempfer in 1800 said of the fireflies of
Siem; “Sitting upon the trees, like a firey cloud, the wholes swarm
would spread themselves uver its branches, sometimes hiding their
light sll at once, and & moment ufter shining forth again with the
utmost regularity and exactness, as is they were in & perpotual systole
and diastole.”™

Lafcacio Hearn tolls s story of a Chiness student who inelosed fire-
flies in & puper lantern and was thus ensbled to obtain light to study
after dark.» '

In Japan fireflies are an adjunot to all grades of social festivity,
from the private garden parties of nobles to an evening at & cheap
ten garden. Somotimes they are kept eaged, sometimes released in
swarins in the presence of guests. To supply this demand there are
a number of firms in Japan employing men to oateh the fireflies.

Al sunset the firefly hunter starts forth with s long bamboo pole
and & bag of mosquito neiting. On reaching n suitsble growth of
willows near water he makes ready his net and strikes the branches
twinkling with the inseota with his pole. This jars them to the
ground, where they are essily gathered up,

But this must be done very rapidly, before they recover themselves
enough to fly.  So the skilled catoher, sparing no time to put them
at once into the bag, uses both hands to pick them up and tosses
them lightly into his apron, where he holds them unharmed till he
ean hold oo more, and only then does he transfer them to the bng.

* Fop. Scl. News, Movernbar, s, p. 14,

= Ang Bt Jubn. Ldves of Calubrited Traveliess, val. 1, p. 359,
FOlimpes of Usfamillar Inpan, val. 2 New York, 1904, [ 00,
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Hia work lasts till about 2 o'elock in the moruing, when the inseots
leave the trees for the dewy soil. He then changes his method, He
brushes the surface of the ground with u light broom fo startle the
insects into light; then be gathers them as before. An export has
beett known to gather 3,000 in one night.

Besides being a business, firefly catching is a sport in Japan.
Little girls pursue the insects with their fans, boys with wands to
whieh a wisp of yarn is fastenad, and they sing and old folk rhyme
as they follow the glistening insects. Nor do their elders disdain to
join the sport. They organize festival parties to visit certain apots
long known and famous to witness the beautiful spectacle of the
firellye swarming.™

Necessarily in the employment of lireflies as light for various pur-
poses there would arise the need of apparatas for confining the insects,
In the West Indies this has taken the form of a lantern with s grating
of stall rods, like the enges in which the Chinese keep fighting erickets
(pl. 82, fig.1). Anotherformecloser lonatureis theealabash perforated
with many small holes and furnished with & door.  Humboldt des-
eribes the latter form used under remarkable circumstances during
a voysge from Cumana. ™

Mss E. R, Scidmore brought to the United States National Muse-
um from Java & curious firefly lamp consisting of s small oval wooded
box with pivoted lid. The interior is lined with pitch, upon which
fireflios ure stuck. Reserve fireflies are kept in o eane tube, The
apparatus is deseribed as & burglar’s dark lantern (pl. 32, fig. 2.)

The axact scientifio experiments with the light of the firefly carriod
on by 8. P. Langley and F. W, Very in 1890, andd many others at
earlier and Iater periods, have given seientific dats on the photometrie
and thermal propertios of the light and the vitel prodesses concerned
in its production. It wea thought that these experiments might be
an introduction to the utilization of this heatless light and that a
revolution in illamination might follow, There was, however, only
uncoversd a problem of undreamed-of complexity, whose solution
awaits an indeterminate future.*

TORCH AND CANDLE

There was o stage in history of illuminstion in which the torch
was almost the solo artificial light. The toreh stage alan eomes eloss
up to and overlaps the inventive period, but i= lust passing away
before modern applisnces. A review shows that almost sll tribes
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in the Wostern Hemisphere were in the tomh stege. The Old
World, except in the wress where grest advance in eivilization is
seon, is also in the torch stago.

There is presentoed here & series illustrating and suggesting the
developrient of the torch and cendle. In this series the torch
merges into the candle in asvordance with the relstionship which
exisis between these [orms of iluminstion. It is understood that
the series only gives the stages of advance in invention and does
not give genetic relationships (pl. 33).

1. Tropical fireflies in a perfornted vessel, for giving light. West
Indies.

2. Stormy petrel, burned in the Orkney Islands for light,

3. Candlefish in w split stick, burned for light. Alaska.

4, Torch mada of birch bark. Iroguois Indians.

5. Torch made of aplit fat-pine knots. Virginia,

8, Torch made of cut strips of eoeonut bark tied into a bundle.
Malays.

7. Bundle of resin enclosed in palm leafl (outside wick). Malsys
and Congo tribes.

8. Torch made by sonking rope in resin. Europe in the Middle
Ages,

9, Tarch composed of cords sonked in fat or wax. Europe, six-
teenth century.

10. Cord soaked in fat or wax, coiled for lighting. Eagland,

11. Rush sosked in grease, forming a primitive candle. England.

12. Stick smesred with grense for lighting. Meongolia.

13. Mass of fat formed upon a stick; around which is wound a
wick of fiber. Kashmir, India:

14, Candles formed of wax; wick of fiber. Japan and North
Africa,

15. Dipped candles; wick of cotton. United States.

16, Molded eandles. Patont canilles of stearine, paralfin und wax,
and decornted candles, Ninetecnth century.

The most ancient torch known is from the old Stone Age in France,
abont 100,000 years sgo. M, de Mortillet says: ' The excavations
of Vareze have produced inflammahle branches bearing tracea of char-
ring near the end which has taken fire, Thesa are the most ancient
torches known."

In ancient Greece the torch, dads, was u piece of resinous wood.®
An archaic votive tablet from Argos, Greece, represents Artemis with
# torch in the right hand and a bow in the left.®

o Bul] Bor. du Aubh. de Paris, wol, 2, 100 p. JE
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Strabo remarks that torohies, piteh, resin, and wax, smong other
things, were supplied by the mountaineers of the Alps to Lhe plains
peoples.*  Strabo also quotes Pindar, in his Dithyrumbus: “For
thee, O Mother, hhehrgeuimlmnflhncymbaln,nndmﬁngingw
tala; for thee blaze the torohea of the yallow pine.” ®  Pindar referred
in this quotation to the Curstes or Rhes (or origin) rites of ancient
Grreece, in which primitiveness was studied. The actors drossed in
archuic style, and among other games races were run by men bear-
ing torches, and the musical instruments were of the most ancient
Eind.

The torch was used in many sncient feasts and ceremonies, not ke
8 form of illuminstion, but as & symbol. The torch is s woll-defined
symbol current to this day. 1t is conceived as not only & bearer of
light but as & carrier of fire of destruction, thus connoting the fire-
brand snd light producer.

SOETH oMLK L

In North America the torch takes on environmental phrases, asio
other parts of the world. It will also be found to vary from quiie
simple to elaborated forms in accordance with the culture status of
the tribes.

The Eskimo are said to ave used s variant of the toroh, consisting
of 8 bone dipped in fat. The Bskimo of Jakobshavn, Greenland, used
n similar torch deseribed as & bil of wood charred at ons end whare
it has been dipped in pil and burnt for temporary light. (Specimen
in the 7. 5. National Muscum, collected by P. Sorensen.) Along the
norihwest cosst of America north of the Columbis River immense
shoals of the eulachon or candlefish occur, running up the river to
spawn as the salmon., The eulnchon i a deep-sea salmonoid fsh,
Thaleichthys pacifious, resembling the smelt and so fat that it makes
an excellent torch, and is so used by many tribes in British Colutmbia
and Alasks. Tt burns well without & wick, but some tribes insert
wick of bark. The eandlefish is also an important food resource
of the Indians.

“I bave never seen any fish hall as fat and as good for Arotic
winter food as these littls candlefish. 1t is next to impossible to boil
or fry them, for they melt completely into oil. Soma ides of their
marvellous fatness may be gleaned from the fact that the natives uss
them gs lamps for lighting their lodges. The fish, when drind, las a
piece of rush pith or & strip from the inner bark of the Cypress tree
( Thuge giganten) deawn through it, a long, round needle made of hiard-
wood being usad for the purpose; it is then lighted nnd bums steadily
until consumed. 1 have read comfortsbly by ita light;; the candlestick,
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literally a stick for the candle, consists of & bit of wood split st one
end, with the fish inserted in the clafe,"” *

Candlefish wre tuken thus by the native fishermen: “To cateh
them the Indinns use 8 monster comb or rake, & piece of pine wood
from 6 to § feet long, made round for about 2 fest of its length at
the place of the handgrip; the restis flat, thick at theback, but thin-
ning to u sharp edge, into which are driven teeth about 4 inches long
and aninch apart. These teeth are usually mada of bone, but when
the Indian fishers can get sharp-pointed iron nails they prefer tham.
One Indian sits in the stern of each canoe to paddle it along, keeping
cloge to the shonl of fish; another, having the rounder part of the rake
firmly fixed in both hands, stands with his face to the bow of the
canoe, the teoth pointing sternwards. He then sweeps it through
the glittering mass of fish, using all his force, and brings it to the

teeth upwards, usually with & fish impaled, sometimes with
three or four upon one tooth. The rake being brought into the eanoe,
& sharp rap on the back of it koocks the fish off, and then another
sweep yields a similar cateh. '’ ¢

Bishop Bompas writes that: *““In the forests of British Columbia
thers is one sort of cedar so full of rosin that chips cut out of its green
wood in & storm will ignite and blaze st once on applying a mateh
to them. The oolakan or candlefish is also so full of oil that if lit
at the tail it will burn like a candle. " *

The tail of the dogfish iseut into strips and burned for light by
fishermen on the Banks of Newfoundland. About 1880 the Penob-
acot Indians burnt s & torch the body of a fish of some species enught
in the Penobscot River, Maine. The Indians thrust a porous root
into the fish as & wick.®

The Algonkians and Abenakis made torches of combustible wood
or rolls of birch bark, or some other gummy tree.*

Lefitan says, in speaking of the use of nuptial torches by the
ancients and Indisns: “No one is ignorant of the faet that dur-
ing many centuries before they had begun to use wax and tallow
for light the common torches were pieces of very combustible wood
of pine or other kinds of wood like it, as in the East Indies the
bamboo, and in South and Contral Ameries the ‘hois de
chandelle,’ '’ #

Archeological work in the oaves of Kentucky brought to light
torches of cane charred from the effects of buming. The
Louisinns Indisns tied dried reeds in bundles, stuek them in

%1, . Lord. The Naramiit i Britd Colambis, vel. ), Londm, 558, pp. -5t
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the ground, and set them on fire when a good light was needed. In
America, lso, the torch had an extended employment in fishing.
In the birch srea rolls of bark were the common forch, and in other
localities material best suited for the purpose was used. On the
settlement of Ameriea the basket torch was ntrodoesd.  The basket
toreh or fire basket was used by New England whalers and fshermen,
and in it was burned cut-up dogfish like pine knots. Whalers also
burned the refuse loft after drying out whale blubber. The iron
basket wus hung over the ahip's side for light while cutting-in whales
at night.

About 1840, in Fuirfax and Prince William County, Virginia, a
house light of & primitive character was used in out-of-the-way places.
It consisted of a piece of sheet iron bent up at the edges and stuck
in the side of the huge old stone chimney of the period, and on this
pieces of pine wood were laid snd burnt (pl. 33. fig. 14). The chil-
dren kept up the fire while the women sewed, spun, quilted, or knit.

WELL

In Mexico, among the tribes where the arts of life were advaneced
torches of a superior quality were made, while among the less advanced
simplicity was the rule. “The Lacandons used « fir stick in the house
for light.® In Sonora the Indians used the hark of the Jaeguinia
pungens Gray to make torehes. The folk nsme of the plant is San
Juanico (pl. 33. fig. 13). An excellent torch was msde from the bark
of the ocotillo, Fouguiera splendens, Among the Mohsve, who are
cremationists, when a man dies far away from camp, a small figure.
of him is made of ocotillo and burnt for him by substitution.®

The vodices give pictorial evidence of the munufactured torch. The
representation of the tapir god in the Codex Cortesianus bears in its
hand a skillfully constructed torch. Some detail as to the manner of
making torches is given hy J. Sanchez:

“The Mexicans split up the wood of the Pinue teocole Scheid into
thin slivers, fixod them at one end and lighted them at the other for
illuminating their houses."'s

John Fiske says that resinous torches were used for lights in houses
in the city of Mexico, and Bancroft writes that hesides torches fire-
flies wers sometimes so used. *

For illuminsting their pathway slong the subterraneous caverns
of northwestern Yucatan to the sources of water supply, the modern
Indian women make torches of cactus stems and bundles of grass.™

Sahagun records: ‘“The young soldiers already exporienced in war,
who they cnlled “tlel pochtequinaque,’ cxrried the bundles of inflam-
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mable pine hefore these personages whon they danced. These
bundles were very heavy and made the porters bend under their
loads. On them fell sparks, and sometimes the torches slipped out
of the hands and fell on the ground in burning. Besides these on
the two sides of the purcours thev lighted with torches of resin which
they called ‘tlemaitl’," ™

Observations made by the writer at Osxaca, Mexico, in 1800, reveal
the perpetustion of simple methods of lighting from the earlier times,
Heore the hread market extends into the night, and women bread
gellers sit along the street with baskets of their produet before them.
The lights are little tin lanterns with small panes of glass, candles
get up on rings of bread, and splints of ococote, fat pine, laid on
stone, brick, or tile often set up on & tripod made of sticks. Vendors
of fat pine sit in the market and split the wood with a large knife or
machete. A amall bundls is sold for 1 cent.  Amole, yuces-root soap,
and firewood are dealt in by poor and distressed persons.

= WERT LR

The natives of Guanihani were in the hahit of using artificial
illumination. Columbus from the deck of his caravel, first reported
this. Herrera says: "It appeared like a candle that went ap snd
down, and Don Christopher did not doubt that it was a true light
and that it was on fand; and so it proved, as it came from people
passing with lights from one tottage to another.™

In the iland of Cuba Columbus’ men met many persons, esch
earrying & fire brand in his hand to light fire and perfums themselves
with soma herhs and to roast their roots, that being their principal
food: and the fire whs easily kindled becsuse they had & sort’ of
wood which if they worked one piece sgainst snother, es if they
were boring a hole, toak fire,™

In Porto Rico the Carib Indians used the wood of tabanueo, o
reginons palm, for torches.

De Rochfort gives toule as the Carib word for candle, and says
‘it is of n sandal which wields a gum:"™*

Dr. J. Walter Fowkea brought torches of resin folded in palm
spathe from Porto Rico. These torches suggest those of the East
Indies, but those mentionsed by De Rochfort in 1065 were not
introduced from thal area (pl. 33, fig 5).

CERTRAL AND SIUTH AMERES
Of the Isthmians it is said: *“At night as a light for their dwell-
ings they use torches made from palm and dipped in oil and bees-
wax."" Humboldt mentions the use of copal torches by the natives
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of Venezuveln.® Tt would bo expected that in tropical America resin
torches like those of the East Indies would oceur, Humbolt also
Wwrites:

" Long before chemists had recognized small portions of wax in
the pollen of flowers, the varnish of leaves, nnd the whitish dust of our
plums and grapes, the inkabitants of the Andes of Quindin made
tapers with the thick layers of wax that covers the trunk of = palm
tree { Corozylon andicola),”®=

In the Penny Magaazine for May, 1832, (p. 212), is 'a referénce to
torches of caotitchoue. It is said that the natives make torches of
caoutchous and that one of these 114 inches in dismoter and 2 feet
long will burn 12 hours. Cuoutehous was sed in sucrifice as incense
to certain gods in Mexico.

EUmCGPE e

Mot interesting survivals of an age when torches were umnportant
are found in Europe, They present forms of the toreh of the high-
est art and of striking simplicity, reflscting the cultural and uncul-
tured periods, An example of the minimum light use is ohservedin
Lapland;

“They were all much sstonished at the sight of lucifer matches,
As for them, they had no candles, but when they wanted o bright
light they held up a pisce of burning wood tuken out of the fire,' ®

The Shetland Islanders use the excessively oily body of the stormy
petrel, Procellaria pelagica, as u toroh®  As s wick is placed in the
mouth of the bird touching the reservoir of oil, relationship with
the lamp is observed, but the primitiveness of the idea wounld allow
the device to stand st the beginning of either the torch or lamp.
At the beginning of every invention there are generally crude exper-
imental or makeshift devices difficult to clasaify,

“In the Isere, in the Var, in the two Alps, Upper and Lower, the
peasaniz have not even trucks, but carry manure on their backs;
they have no candles and burn resinous logs and pieces of rope stesped
in pitch. Tt is the same through all the high parts of Dauphine,'

This is & good example of & rude culture ares existing in the
bosom of u high culture, and Hugo is right in advancing as the
causes isolation, mountainous surroundings, poverty of environment
and of people. Civilization or enlightenment i s the fringe of fine
lines the map makers surround the cossts in proportion to the whole
continents of ignorance,

Many of these ancient customs have just been superseded in parts
of Europe by modern methods, but still remain ns an obseure eloment
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in the impediments of eulture. Thus in 1803 the writer collected o
link eonsisting of & seotion of fiber rope dipped in resin, in use by the
ropair gang in s tunnel oo s Spanish railrosd. It is probahle that
such lighting device was an immemorial necessity in engineering
supplies and had been continued on the list of such supplies (pl. 33,
fig. 11).

Link holders and extinguishers fastened in the wall near the en-
trunces of great houses still may bo ssen in London, telling of the
time when the city was dependent on links for its lighting, The
flambeatt of the Middle Ages was s twisted resin or wax soaked
torch 3 or 4 [eet long. In the Biblis Psuperum, 1410, such & torch
is held in the hands of one of the celebrants of the Purification, ¥
The flambenn as illustrated in ancient sculpture appears to have
beep. s trumpet-shaped holder in the bell of which wers thrust splinta
of wood. Artemis holds such a flambeau. Properly the torchisn

flamheau, customarily in Europe made of cord soaked in resin,
asin the link: In Scotland an extemporized light was made by
twisting or plaiting cotton rags and dipping them in tallow. This
torch was eallod “ruffy," and when butter was used "butter ruffy." ™
The druid’s tarch is commonly represented of this form. Bog fir
was much used in Seotland for torches, and the splints when burnt
separately in iron holders were called fir candles. The bhog fir was
found in the bog by probing. The fat pieces were selected, cut into
3 or 4 foot lengths, and these divided into strips an inch broad by &
knife called » fir gullie.*™

An interesting chapier on obsolste illuminating devices may be
gathered from the dictionary. The Spanish word fea means candle-
wood, & resinous wood of any kind that burns like & torch; teas ma-
ritates hymoneal torehes, and fedéro an iron candlestick for holding
burning fire or torch. The torch of flambean or cresset type is an-
toreha and atorchero, & candlestick for tapers, ote. Hacha is a large
taper with four wicks, hacha de viento a flambeau, torch or link, snd
pago de hacha a link boy also the name of an ancient Spanish dance
in which probably torches were borne. Haocho denotes a fagot or
hundle of fenther grass or straw covered with pitch or resin, for out-
door use. Hachon is also a large torch made of bass and piteh; it also
refers to & kind of altar on which bonfires are lighted for illumination,
Haehero is & torch stand or « large candlestick for tapers or torches,

Devices for burning & mass of {uel for light were formerly used in
Europe. They were stationary, however, and not used as the basket
torches of the Near Eart, The fallot, of the fixed type, is & vessel in
which pitch; resin, and other combustibles are burnt.  They were the
streot lights of Pars in 1585.
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AFRE

As stated, Africa outside of the ndvanced eultured areas around the
Mediterranean was entirely in the torch siage, A variety of torches
were used but not much information on them is availshle. The
resin torch, is like the East Indian, found in Africa. A specimen 54
inchies long was collected ut Loango, French Cango, in 1885, The
torch is & long eylindrical mass of resin wrapped in palm leafl and
encased in cane splints interwoven by a spirnily worked strip. It
wasd used by natives when fishing, traveling, or when engaged in fetish
vites (pl. 33, fig. 6). A smaller resin torch mounted on s stiek ia from
West Africa (pl. 33,fig. 12). Doctor Vernenu, describing hia researches
in the ancient caves of the Grand Canary, says: T found fragments
of ten, Pinus canariensis, n very resinous wood, playing appurently,
88 in our days, an important dle in illumingtion.' * .

In Mndagesear torches made of bamboo were wsed. ™

In Abyssinis rage dipped in the juice of the Euphorbia abyasinica
are rolled up for torches.™

The toreh used by the link boys of Cairo, Egypt, were iron openworlk
buskets secured to the end of & pole, and sometimes three such buskets
were placed on a staff which could be thrust in the ground. In them
was burnt flax imbued with resin or pitch after the Europesn
method.

JARLR, EONEL, WESTELN CNDNA, WONGOLIA, VIHZT

The Japenese employ the torch form of lighting muinly for fishing,
and under exceptional circumstances where their elaborsts illuminat-
ing dovices are not available. The Aino burn birch bark stuvk in
the split end of a stick planted by the fireplace, and also use partable
torches. The westarn Koreans burn bundles of resds for light.»

In the Lob Nor, Qhinsse Turkestan, Prince Heari d'Orlenns found
bundles of reeds used for the double purpase of light and fire? At
Eholon Fi, southwestern Chins, Bower says: ' However, from a house
dmhylhundlnﬂfumuflmtthnthuntﬁhlmmhmpm-
cured, and by its aid the halting place was renched at §.20 p. m.®
The ever-useful bamboo is used in China for torches. In northern
China bamboo is erushod and twisted into a rope, sections of which
ure burnt for torches.™ A torch eundls waa observed by Bonvalot in
western Moogolia. A light is thrown on the pot by means of the
branch of » tree which has been rubbed with mutton fat to make it
Enswer a8 a torch.™  Rockhill describes & Tibstan torch and holder
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thus: “After dark the room was lit by meuns of chips of pitch pine
burnt on & flat stone, though the mual butter lamps wers not want-
ing.'™

n! rOLTHEL

That very useful tree called the candlenut tree, Aleurites toiloba
furnishes material for torches generally in Polynesin, but other vege-
tal substances sre also wsed. Walpole, speaking of the Tahitians,
SHVE:

JI‘I"‘LTlrm doodos muts (Alewrita triloba) are strung on paln stalks and
stuck upright; the top one is lighted, and ns soon as burnt is knocked
off as the next catches, These give n poor light and require atten-
tion. Bui they are very plentiful.””™

In the Society Islands candletree nuta are slightly baked, the shella
removed and the kerels strung on rushes. Several strings are
wrapped in the leal of the serew pine, forming & good torch for fish-
ing. Ellis states that in Hawaii four or five strings of the nuts are
wrapped in pandanus leaves, keeping them together and making &
mare brillinnt light.*

In the Marquesas the burning of the nuts gave a rude approxima-
tion to the passage of periods of time.

ELRT [NDIES

Torches made of dsmmar gum are generally used within the range
of this tree, snd the gum is an important arficle of commerce, Al-
fred Russell Wallueo saye that torches of dammar wrapped in the
leaves of the fan-leafed palm are sold in the Ternnto market, The
gum was collected nt Langundi™

A simpler toroh in the National Museum from Singapore consisis
of palm leaves smoared with dammar resin and rolled into n cylin-
drical shapo. Thoy are nsed when traveling st night by the Malays
of the Peninsula. The torch is said to give & pretty good light and
the smoke has an sromatie odor (pl. 33, fig. §). Torches of Cambo-
din and the Malabar coust are deseribed ns made of palm leaves tied
together and steeped in resin® Torches which burn a slort time are
frequently made by roughly bunching s palm leaf and allowing it to

The Siamese torch is & elub-shaped mass of dammar resin 16 inches
long, bound up in palm leal and seoured with half hitches of rattan.
The lower end is formed for holding in the hand or for socketing in
a torch holder (pl. 33, Gigs 3, 7).  From Mindanao comes » dammar
torch consisting of a spindle-form mass of resin 40 inohes long enclosed
in palm leaf and skillfully bound with rattan worked in half hitches
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8o put on that the torch in burning will not come unbound. At the
upper end the rattan is twisted in loops for ease in lighting (pl. 33,
fig. 4).

Among the Bagobo of Mindanao, Philippines: ““As soon as the
sun sst great torches of almaciga (gum mastic) were lighted and
placed in erude but ingenious candlesticks round the circle. The
candlesticks wore nothing more than thres-pronged tres forks, which
when lnid on the floor loft one prong sticking up. This was split st
the end and the torch inserted at the necessary angle to insurs its
burning."” =

The Bagobo of Davso, eastern Mindanso, also make after the
Polynesian fashion torches of vino nuts, which the natives use as
oandles by impaling a dozen or so of them upon & slender picce of
bamboo. These nuts are so full of oil that they burn readily, _

The Burmese use & torch made by wrapping rotten wood soaked
with native rock oil in palm leaf. It is bound as the dsmmsr
torches with rattan withes.® A Burmese resin-bundle toreh is ghown
in Plate 33, Figure 2.

Dammar torch holders of several forms are found in the East Indies.
The Dyaks of Long Puti, Borneo, canstruct s cylindrical basket of
of bamboo for holding dammar torches kept constantly burning
beside the dead.™

In Simalur Island s torch chandelier is hung up in houses, and in
Nias laland the dammar torch is clamped between Lwo strips of wood
held in a wooden upright srising from a base. Torch holders vari-
ously devised are common in the Philippines,

ATTIRLALLL &%D NEW IRALARD

In Avstralia torches are made of bark or grass and used by the
aborigines when they travel at night. They are afraid of the dark.®

Along the cosst of New Zesland the mutton fish is burned as &
torch.

CANDLES

The use of & wick separates the candle from the torch. Tt is sug-
gested that the development of the torch at its proximal stages shows
inventions which may he regarded as prototypes of the candls, hut
the development of the essential wick is never ohscurs. Beyond
doubt the wick is & result of many experiments during the stage when
the torch was being modified to produce a less objectionabls light in
confinnd spaces, as in a habitation.

* Phaipe Whinunns. The Ascent of Monut Apo, Toe Outlsek, New Yory, Mac. 3, 1él, p. 070
® Intormatios Uy Bev. L. ML Lather, '

= Carl Beci-  ioad Hunters of Bornes, Tondon, 1551, ¢, 145
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The candle diverged from the stem of the torch at a relatively late
period. It represeats, like the torch, the employment of s Tigid
material for combustion, and differs from the torch in having a cen-
tral wick made of & cspillary substance The capillary wick marks
an important epoch in the history of illumination. Tribes having
the large domestic animals or having bees or wax-yielding palms and
insects in their environment ean secure the materials and way invent
the candle, A great nnmber of tribes, however, possessing some of
thess essentials did not make candles. The candle is rather high in
the seals of invention, and appears when conditions of social advance
permit or require its use; for instance, as in the definite and estab-
lished culture of the Iron Age.

The eandle may bedefined as an aggregation of fixed {at or waxlike
substance around a central wick. The suitable substances are the
solid "fat of animals, mineral, animal, and vegetable wax, or even
reains, which malt easily and offer o Ouid supply to the'wick. The
Iatter drawa the fuid to the flame by capillsrity.

Latitude and elovation furnish temperature elements which are
imporiant in the question of the origin and use of the eandle. Mat-
thiou Willinms, the distinguished English chemist who sought to
popularize scientific fucts, pointed out that there is an imaginary
line e¢rossing Europe which he called the “oil and butter line,” an
isotherm above which fixed fats occur and below which oils occur,
This noteworthy generalization shows the bearing of tempersture
on the use if not the invention of the tallow candle, and is good also
for Asin. The wax candle is not subject to the law of temperature
affecting tallow, and i therefore used in warm climates. Beeswax;
on aecount of superstitions regarding bees, its small amount, clean-
liness, burning qualities, and plessant oder, bseame appropriated for
cult purposes. There is no objection to the theory that the wax
candle and tallow candle originated from the torch stem independ-
eatly,

Accompanying the torch and candle are fixtures for installing the
illuminant. These grow in complexity ss the science of illumination

progresses, and have a remarkshle development which will be noted
in snother section.

I (o CAATILES

There are two classes of candles whose genesis can be traced. The
first of these is the taper, which is & cord or wick covered at present
ususlly with wax, forming & flexible length suitable for eoiling in »
vessel or sround & support.  The taper is recognized in forms of the
toreh made up of manufaotured parts instead of rude naturnl mate-
rials. Thus the European torch of considerable antiquity was an
aggregation of cords imbued in fat, wex, resin, and the like, bound
or twisted as the link rope; and units of this torch were used as tapers.



210 BULLETTS 130, UNITED STATES ¥ATIONAL MUBEUM

In America the taper was called during the Civil War, *'Confederate
candle,” and because the light required frequent attention the humor-
ous slaves dubbed them “pull ups” Dr. €. AL Q. Norton relates
that during the Civil War he attended o dance in o hall lighted with
coiled tapers. Tapers wre still used in the mountains of Virginia and
are somotimes elaborately wound in ornamental patterns (pl. 33, fig.
10). Tapers were presumably introduced into the colony from Eng-
land, where this form of lighting was well known among the pens-
antry. The coiled taper was widely used in Europe and is still eom-
mon in Russin, It is found in use in the Catholic churches in Latin
countries. Many artistic forms of taper holders were formerly found
on writing eabinets in employment for sealing letters.

The second form is the familiar rigid candle, » lighting device of
respectable nntiquity. The Romans are said to have somstimes made
eandles by dipping strings of papyrus or rushes in pitch and surround-
ing them with wax. Fliny savs thal wex and tallow ecandles were
employed in religious offices.

In northern Europe the rush was lound to be an ideal wick [or the
enndle, and mmsh eandles became well known, Previously slso the
rush was partially peeled and soaked in fat, making the rnshlight
spproach the taper class, Holders for the rush wers known ss rush
elips. In Ireland a splint of bog fir dipped with tallow was said to
have beon usod as a candle.

Another species of candle is found in Kores, Japan, China, and
adjacent countries. The wick is of rush pith wound on u straw or
twisted paper spill. A slender tapering stick or splint of bamboo is
run through the tubular spiil and o mass of fav formed over it. In
Canton these candles aro eallod lobstooks. In Korea and Tibet the
supporting stick extends below the eandle for convenience in earry-
ing and for placing in & candlestick. A ruder eandle of this sort is
Irom Maongelia (pl. 33, fig. 9).

At the time when chemicsl and industrial scionce had perfected
and had rendered the eandle a relatively important factor of civili-
zation otlier discoveries in ilumination automatically thrust it into a
lower place, Conssrvatism of custom, particular needs and demands
not formerly reckoned with, as art, have provented the candle from
becoming obsolete. At present the candle enters into the scheme of
illumination as o wasteful method but gratifying the esthetic sense.

It is concluded that the candle is an invention belonging in an ad-
vanced plane of culture, hence presence of the eandip among uneivi-
lized tribes is to be looked upon with suspicion of extra origin, The
Tapuyos of Brazil use tapers of beeswsx and bark fiber® Dy, Daniel
G. Brinton says: "“If this is one of their uncient arts, it is the only

™. Voo Tecbudl  Flels to Bud Amaeriks, vol 2 Lalpelg, (va-1800, p, 351
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instunee of the invention of an artificial light south of the Eskimo in
America, """
CANILE MAIKING

Materiale—Vegetal and snimal subatances wro principally the

materinls used in making candles, mineral substances, as paraflin,
eoming late into the eandle industry, In the eastern United States
oandles made from the wax of the bayberry, Myrica cerifera, were in
vogus in the coloninl snd Revolutionary period and lator. Beverley
says:
i Ay the mouth of their rivers, and all along the sea and bay, and
near many of their cresks and swamps, grows the myrtle, bearing s
berry, of which they muke a hard, brittle wax, of a curious green
color, which by refining hecomes almost transparent. Of this they
muke eandles, which are never greasie to the touch, nor mell with
lying in the hottest weather. Neither does the sauff of thess ever
offend the smell, like that of & tallow candle, but instead of it yields
a pleasant fragrancy to all that are in the room; insomuch, that nice
peaple often put them out on purpose to huve the incense of the
expiring souff,

“The melting of thess berries is said to have been first found out
by a surgeon in New England, who performed wonderful things with
a siilve made of them. This discovery is vory modern, notwithstand-
ing these eountries lave been so long sottled.

“The method of muneging these berries is by boiling them
in water till they come to be entirely dissolved, excopt the stone
or seed, which amounts in quantity to about hall the bulk of the
bexry, the biggest of which is something less than a corn of pepper.”’®

In Demerars also candles equal to wax were mads from the seeds
of a large tree called dali, Virola sebiflors. A myries in northern
Gransdn and Peru yields candlo wax. The wax of the Klopstockia
cerifera; carnauba of northern Brazil, and the Ceroxylon or wax palm
was used for eandle making.

In India and the Far East the vegetable wax industry is quite ex-
tensive, Ths Japancse make candles from the wax derived from
seeds of several species of the ourushi or lnoquer tres, Rhus succodanea,
and others of this gonus. In China vegetable wax is procured in
commerical quantitios from the sesds of Stillingia sebifera aud Croton
sebiferum, the latter called the tallow tres in Indis, where it also is an
importans source of wax.

Animal fats in candle making.—Before the era of chemieal and
technical science the fatof cattle and sheep waa used in only aslightly
modified state to make candles by domestic industry. On the estab-

®Tha American Tisce, Now Verk, 1991, i 35
® Taverky's history of Virginia, ITEL po. 10120,
102887—20——15
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lishment of the whaling industry spermnceti from the head oil of the
sperm whale, Physeter macrocephalus, was added to the mentioned
fixed fats,

Insect wazes wed for candles,—Becswax appears to have un ancient
history in the manufacture of candles as tallow, was more prized and
hod special uses not enjoyed by fat illuminants. Bees were
anciently domesticated, ns the straw hive of the early Aryans indi-
oates. The wax had a number of uses, but thereis no record of s
employment for candles st sn early period.

Another insect wax is of economic value in China. ‘This wax
is the product of Coceus pela Westwood, a seale inscot breeding on
Ligrustrum lucidum,  large-leaved privet, and transferred by the Chi-
nese Lo sprouts of the Frarinus chinensis, rom which the wax yield
is gathered in three months. The center of the white-wax injustry
is Ohien Chang, western China

Mineral substances for candles,—A natural paraffin called ozakerite,
found principally in Galieis, is refined and the produst; ealled corasin,
is nsed for making candles.® Puraffin ne a by-product of the dis-
tillation of petrolenm is seenred in enormous quantities mad i now
the chief resource of material in the candle industry.

Candle-making processes,—The eandle-making industry hassttained
great proportions, and even with the competition of ndvanced illu-
mination is still flourishing. Curiously, the increasing employment
of candles in decoration his done much to sustain the industry. Thae
produot, however, is taken mainly by the chiurehes. Without eon-
sideration of the modern organized indusiry, candle making as s
locnl or domestic art will be taken up here. In domestic candle mak-
ing little waa done in the refining of materinls, the physical und
ohemircal properties of which were not known. The method of hard-
ening or softening the tallow was almost the only attempt to change
the materinl. There was 8 minimum of trade in candles, chiefly thal
ariging from the exchange of family surplus for goods.

Formerly in the United States candles were made in molds and by
dipping. The latter method was used when quantities of candles
ware roquired, enough for a year's consumption or more, s il was
thought candles improved by keeping: Molds were used for amall
lots of well-shaped candles and by peopln who had little tallow, it
Was said, '

In muking dipped eandles & number of thin rods were gotten,
These were strung with cotton wicks previously eut to proper langth
on & cutter and twisted. The wicks were “wet”’ with tallow to make
them sink when dipped und were spaced on the rods.  The rods ware
laid across o frame sometimes improvised or & mortised structure

# Alex Hosip, Three yiam (e weistn Ol Lisdan, (il 2 Junmary 3, 1807, i
o (heargs P Merelll.  Nos - Mulallle Minorad, New Yark, 1910, o ko) gl
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made for the purpose. The Lallow rendered by boiling and straining
was placed in o large crock the depth of a candle. As the tallow
was used water was poured in, and thus the tallow could be used up.

The dippers began by separating the rods to each end of the
frameo. The erock was sst between them snd one dipped with the
l¢ft hand the other with the right., They dipped, the wicks and
placed the rods back of thass not dipped, continuing till the candles
were of the proper sizge, As the dipping wes done in the cool sutumn
wensther, vory little grease was spilt and the candles would “ dry "
rapidly. Newly dipped eandles were as yellow ns beeswax, but after
lying awhile in the dark candle box they became bleached. When
the candles were throughly cooled they were squared st the bottom
by pussing them carefully over & skillot nverted over hot coals.
Near .the latter part of the dipping eandles became too large at
tlse butt. Thess were reduced by swinging them through the hot
tallow. The final sct was to trim the wicks and store the candles
in tight boxs. The rush makes an excellent wick beeause it burns
ta ashes and does not require snuffing, It could Le used for dipped
candles but not for molded candles, ws it was nol strong enough to
draw, In Irelund & hoat-shaped iron dish ecalled grissette was used
for dipping candles. It was set on the earth und candles were
dipped when needed. Wax cundles wors slmost invarisbly made
by hand, by ponring meltod wax on the wick from a ladle or by
drawing through a die in making tapers. Tho earliest method was
forming the softened wax sround the wick by hand munipulation;
and finishing by rolling. The Iadle method eame later; and ithe
drawing method later still. Flambenux are described as being con-
structed of four wioks covered with wax laid together and wax
poured on them, thén smoothed by rolling. In the developed
candle industry wax candles are made in molds: Condles in
Japan, Koren, and Ching were molded in paper tubes set on a
board pierced for the rod bolding the eoiled wick. Candles
of soft material wore costed with & lIsyer of beeswnx hy
dipping. -

Candlewicks.—1It has long been recognized that the efficiency of a
eandle depends upon the chareter of the wick, the eriteria being size,
construetion, and combustibility, Tho domestic art had worked out
its formula in<he number of threads in the cotton wick, the advan-
tage of a half cotton and half flax wick, the improvement of the wick
by twisting, snd the value of a fist braided wick which curves pver
ont of the flamn. Franklin's discovery of the light given by two jux-
tuposed flames was applied in the two-wicked enndlo ealled * cobbler’s
eandle,” About 1845 a candle with o hollow wick was invented, fol-
lowing, no doubt, the ides of the tubular lampwick ineressing the
seration of the flame, The Soho candle lamp of this period was of
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this order, but the wick was raised or lowered by s rack and pinion
at the base of the candlestick, Before 1847 Palmer invented & wick
which liad one-tenth of the strands coated with nitrate of bismuth,
which cmused the burnt end of the wick to curl over.

Cundlesticks —In the torch stage holders wre not s pressing need.
Tl toroh is a rather temporary form of illumination employed mainly
for night travel and was carried about by a delegated benrer. In
ceramonies and about habitstions improvised holders became veces-
sarv. The resin toreh, which shows u marked advance on the bun-
dlisd torek, begins to be nccompanied with designed holders, Thus in
the Malay area ars found torch stands and even a torch chandelier,
There is donbtless u line of thess holders up to the candleholders of
Chins. Tn Europe the torch splint for housshold use, dating from
the Iron Age, introduces & series of devices which may be graded thus:
A flattened loop bent in sn iron strip, 8 Vshaped prong acting as a
grip snd support for the splint; a hinged clip resembling tongs: a
hinged clip and ceandle socket combined; and & socket candlestick
alons, This is suggestive of the lineage of the socket candleholder
(pl. 34. figs. 1-5).

Rude candlesticks of wood, like those from Finland shown on Plate
85, Figures 1 and 2, are examples of the simple domestic art of the fron-
tier or of formerly much isolated communities, Theiron candlestiok
from Pennsylvania (pl. 35, fig. 4) was commonly found in rural dis-
triets of the eestern United States in the eighteenth and nineteenth
centurics.

The pricket candlestick appears to doscend from the torch holder
sat in the walls of old castles (pl. 35, fig. 8). Antique church candle-
stivks, espeoially the large altarpicces, hind the spike, sither n survival
of an earlier torch stand or required by art; that is, a socket for a
large eandly would foree bulkiness in the stem snd base of the candle-
stick and destroy tho harmony between the candle and ite holder.
The spike also iz adequate for the placement of a candle not to be
moved about, but the socket is necessary for ambulant candlasticks.

A well-varved sguare talilet of oak soaked with grease und having
an irregular hole burat in the middls, found in the hull of an ancient
Viking ship dating 5001000, is identified a8 u candlestick. Several
of these, more or less churred, wers found. There was no socket
present, and it is probable that the candle was set up on a nail or

m

The taper holder is of two varicties, the one s bowl or reservoir in
which the cord is coiled, and an upright around which the coil is
wound. In the Bussinn taper holder the bow! is mounted on a stem
with base, and thus resembles s lamp, as the specimen in the church

¥ Serfheer's Magastes, S ovamiber, 1597, D, 513
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uiﬁnm The taper holder has no relutionship 1o the eandle
1]

Of the two types of candle placements, namely, the prickets and
socket, the latter has survived as the common form, while the
pricket, if ever in general use, hecame obsolete in the sevenieenth
century except asstated where continued in use in churches.

In the great variety of candlesticks sa to material, art, nationslity,
poriod, use, and so forth, there are s pumber of improvements or
modifiestions which may be clussed as minor inventions. These am
seen in the lared rim of the socket lor catehing the gresss: extoension
of the socket inlo & tube, stem and slide by which candle may be
raised und buit ejected; expansion of the base intn s dish; raising
or lpwering device on o stem; modificution of stem and hise into a
spike for thrusting into wall or wood or into hook for hanging om
a peg; attachment to & sconce plate for hanging on a wall. For
spenial nses there have nlso doveloped the brewer's candlestick, the
wenver's, the miner’s, the poekot and folding candlestick; and the
numerous varieties of every matorinl suitable for pelace, church,
parlor, kitches, and other divisions of the house,

The mounting ol the socket is quite as variable, us seen in cands-
lubirn, girsndoles, eliandeliers, brackets, sconees, and on jointed arms
for extension, ete. Specinl eandlesticks of German invention in the
eighteenth century in one csse have the socket eliding on the open-
work spirnl stem, and in the other the candls elamped ngainst & half
sockol by a epring forming the other half. The latter device may
have descended from the torch-holding forms of the Iron Age (pl. 45,
fig. 5). An invention of about 1840 by the Englshman Palmer
plnced a spring under the eandle, foreing it up steadily as tho fuel
waa burned away at the top. This took the place of the older rod
which served to force the candle up.

There have developed wilth the cendlestick many petty inven-
tions, either utilitarian or refinements. Some of these are extra
sookots or prickets for Lurning eandle ends, eallod by the French
brule tout; the sockel cup, allowing the csndle to be liftad out of the
ugunl socket; glass or metal disk for ornamenting the top of the
candlestick, and others. An interesting devies consists of an indi-
vidual socket with wpreading teeth which when forced down into the
socket clamped the candle firmly,

Refllectors and shields, which were often applied to the candls,
cama ot & comparatively late period, In somne cases, as in the
Washington candlestick, which may have been nsed in writing the
farewnll address, tho bromd bross plate sgainst which the candle
sovkets nre mounted was intended to guned the Hghe from the wind
and was not s refloctor.  An adjustabls shiold for keoping the light
out of the eyes was somelimes used. Large ornumential glass globes
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for shielding the candle, called ** hurrioane globes, " gusrda brieza, "
were used in the great mansions. Somotimes a flaring plass shads
was applied to candlesticks furnishing the best rooms of houses.

Candle lantorns,—When the candlo was required to be used in the
open air, or earrisd about outside, or transported on vehicles and
boats, u protestion either transparent or perforaled was required.
The luntern responds to this need.  The earlisst lantorns were candle
lunterns, und in the course of the devolopment of illuminstion svery
spoties of lighting apparatus has been installed in this deviee. In
the Orient the [antern appesrs to have besen anciently used. In
England King Alfred is given credit for inventing the lanters 1o
insare the stendy burning of his time eandles, ~In Egypt there was
discovered & drum-shaped perforated hanging lamp of bronze, ques-
tionably of the ninth century,™  The ciled paper or tratsparen) pajer
lantern has o wide distribution from the Near East to the extreme
Enst. It i= probably an old form in this region. The perforated
lnntern ss to its grade of invention would precede other forns, birs
in metal at least is late (pl. 30, figs. 1, 2),

A g compreliensive remark, the lantern and candle are linked as to
age nud both ure developed in & relutively high stage of civilization.
The suggestion of shielding the light, leading from the cupped hand
to elaborate luntorns, is so apparent thut extemporancous devices
are numerous, and these with the elaborate forms may have arisen
independently in many places and at indofinite times. Perforations,
paper; cloth, skin, horn, mica, aud glass wero amploved to transmit
light in the lantorn (pl. 86, fig. 3).

Devicea for regulating the candle—Aside from lighters of splints
snd so forth, igunited at the fire, there are other devices connectod
with the history of the matoh (see Fire muking). For u long period
cundles of the uninventive period, with wicks not properly designod.
required snuffing, and for this purpose stuffers wers invented for the
use of these who did not wish to employ the earlier mothod with the
fingera. The enrliest souffers were little rods or pincers with shaep
points. The early hinged snuffers were rudely made of iron, the
end of the box terminating in the sharp point for spreading and
otherwiss Lending tho wick whivh has beon perpetuntod in sll snuffors.
The handles wore plain rods, The snuffer was improved by putting
loops, as in scissors, on the ends of the hundlss, by puiling in =
spring which withdrew the dumper from the funpus lox, and
by the addition of thin legs to stand upon Lhe tray, A later device
exhibits o spring disphragm whieh shuts the fungus, charred wick,
into a tight compartment.

In tho progress of refinnment snuffers becsme ari works of the
motal workers, and trays squally srtistio were provided on which the

* Mobmrt s Mottafasll. Thit Light of Eypt, Loutes, 1900, pL 3, 5 75,
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stiufors were rested.  Souffers have, however, hecome entirely ohso-
lete on mecount of the development of svientifie wicks which do not
require snulfing,

Extinguishers —These cones of metal, with loop forlifting or prong
for fitting into # socket on the candlestick, follow. & similar art devel-
opment observed in the snuffers. There waa very little possible play
of invention on the extinguisher, sud there is only noted the inven-
tion of an srm bearing & cone whick was mounted in such o way
that when the candle burmnt down & certain distance i was automai-
jcully put out. For extinguishing tall candles or candles in chande-
lisrs tho axtinguisher was mounted at the end of a pole.

CEFTaMS 0N NECTED WiTH THE CANDLE

The use of candles to mark periods of time is nocording to tradi-
tion an invention of King Alfred of England. 1% is said that by
timing by means of the sand gluss tha combustion of certain amounts
of wax, ths roysl inventor arrived st a standard candle which would
burn 4 hours. Twalve divisions marked across then gave 20-minute
periods, and six candles covered the 24 hours.

Among the folk the sonneotion of the wasting of the cundls and
slupsad periods of time would inevitably be noticed, and customs
continged from old times in Europe to near the present would indi-
cate that this use of the candle was geneesl.  Auctions of land and
other muterial belongings were sonducted “by candle.” Somolimes
an inch of candle was lighted and bids taken whileit burned. The Inat
bid made as the eandle went out won the land. Frequently s pin
stuck in the eandle marked the limit of hids; when the pin fell out
hide stopped.

DEVELOPMENT OF THE LAMP

Compared with the torch the lump is a tecent invention. Theides of

the lamp may have been suggested by the burning of msrrow in 8
bone, of fat in the fire, the oily body of a bird or fish, or other make-
shifts in which u wiok was not yot used and which thersfore would
be vasisnta of the toreli, bearing on the beginning of the lamp.
~ Appliesbla here is the Mulay saying, “What is & lamp if the wick
he lacking,” alluding to the chief essentinl of the lamp, The lamp
sotmists of & resurvoir for holding whatever modium supplies the finme
and a wick noting by capillarity.

A soties suggesting the chief features in the development of the
lump i exhibited in the United Sintes National Musoum, one of &
numbar illustrating the history of inventions, The saries is desoribed
as lollows (pls. 87, 48):

1. Oil bag, from which oil is thrown upon a fire to produce a tem-
porary light. British Columbia.
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2. Lamp. Unworked beach stone with concavity, supplied with
fiber wick and oil.  Aleuts, Alasks.

2. Lamp mads from the skull of a sheep.

4. Lamp. Hollowed besch stone with moss wick arranged along
ono edge. Hskimos, Alaska.

5. Lamp, Pecten shell with oil and wick of rush pith. Aino-
Japan. Shell lamp suspended, Orkney Islands,

6. Lamp. Terra cotta saucer. Indin.

7. Lamps. Exampleswith gutter forwiek. Example with soveral
gutters. Syrin and India,

8. Lamp. Of terra cotta. Reservoir almost closed over; spont
for wick. Roman.

9, Lamp. Of terrs cottn,  Heservoir closed over; spout for wick.
Roman. %

10, Lamp, Of bras. Reservoir mounted on rod and stand;
saveral spouts, Italian.

11. Lamp. Designed to furnish oil to the wick under pressure.
Cape Cod, Mass. _

12. Lamp. Of glass, having two tubes; for burning whals oil
United States.

13. Lamp. Withchimney; draught sround the wick and oil under
pressure. Argund’s invention. United States.

14, Lamp. With chimney and Argand buener; oil under forced
pressure of & spring. Franece,

15. Lamp. *““Fluid" or camphine burned by means of wick and
tubes und without chimney. United States,

16. Gus hurner. United States.

QUASFEIMITIVE LAMIT

Lamps of rude character appertaining to the prebistorie Aleuts
were found in the graves sod kitehen middens of the Alsutinn chain
by Dr. W, H. Dall. These lamps are beach stones, slightly weath-
ered, of convenlent size and having a natural concavity. The type
specimen shows traces of its use on a portion of the edge whero.a
wick was laid, us in the Eskimo lamp: This lamp would appropri-
ately begin the series. There is, however, no surety that this rude
form did not exist contemporancously with finished lamps in the
Alout aren.

Extemporized lamps of sea shells have s logical brekground in the
suggestiveness of the shape of the shell. The sholl of Fusue entiqus
18 & case In point, the troughlike extonsion of the lip of the shell
being & ready-made slot for the wick and the lody of the shell
forming o reservoir when the shell is suspended horizontally, Lamps
of the fusus were nsad in the Orkney and Shetlund Tslands® (pl. 39,
fig 1).

* fafermaiien sent by Mdbry Badfour, Outesd, Bagland,
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On the Esstern Shore of Maryland and st ather points on the
Atlantic const shells of the Fulgur and Sycotypus, called conch. were
used as lamps for illuminating piers and landings. They are gtill
used when it is desired to give an effect of “old times"” to excite the
wonder of visitors.

Tho Makal Indians of Ospe Flattery, Washington, are said to
have used in 1850 lamp consisting of a shall with bark wick, but
J. G, Swan's puper on these Indisns, containing observations made
near this date, does not mention the lamp.

The Aino lamp, whils tot extemporaneous, being in common nse,
is probably weoultural, following the Chiness and Jupanese form but
using the well-adapted Mactra lutraria shell instead of the pottery
or motal sancers, The lamp is mounted in & stick split at the end
and yedged out to form prongs, or in n natursl crotehed stick. It
is set up alongside of the box heartl, The wick is of rush, us in the
Japanese lamps.

In Brittany s pecten-shell lamp was in use some years ago. Fol-
lowing north European custom with the gresse lamp, the Brittany
lsmp is sef in w drip cateher consisting of nnother peoten shell gnd
sometimes had a shell lid 85 sn improvement, giving the lamp the
orm of & orusie.

FRIMITIVR FOR Ay —44 UCEE Laupy

A few smull, shallow vessels of stone, thought to he lampe, have
been found in several prehistoric stations in France. Some of these
are of doubiful sge, soma Gallo-Roman, and a few, as the St. Julien
Maumont (Correge) specimen desoribed by M. Riviers, * which are
tentatively pluced as occurring in a very old period. This specimen
is obscurely boaked, which would indieate sn unstandardized lamp, in
this case of stone, of a comparatively late period. There appears to
be no evidence that lamps have been taken from a definite stratum
a8 old as the Neolithic. The presumption is that no European lsmp
dates back of the Iron Age,

The shallow circulnr dish termed “saucer” is taken as the primi-
tive type of lamp employed st a tims when this form of lighting
doviee had become a customary utensil. In it was buenod oil or fat
by means of a central wick. If, however, the saucar is veory shallow,
ns the Chinese form, the wick could rest precariously on the margin
(pl. 49, fig. 7). In these lumps no adaptation is seen for the placing
of the wick. The lamp, thersfore, is possessed of a reservoir only,
which is the fundamental festure of the lamp,

LAMTS iN WHIN WEX I REOTGET T0 THE EDGE

Modifications of the saucer lamp are plentiful for the purpose of

placing the wick. Examples are the shallow grooves pounded in

™AL Esile fiviern. L Lampe sa piesrs da Salat Tubiss Maumoss, Comries reodns de ' Assialion
Frazcals potir rnmmﬁm.ﬁw—d'm_,p}:-a.

8T —26——14
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the Cashmere copper lamps and the bending in of the edge of the
potiery saucers from ancient sites in Syris, North Afrion, and other
localities, modifying features suggesting the beginning of the wick
spout (pl. 40, fig. 5, 8). The Eskimo stone lamp dovotes o portion of
the edge for the Lip on which the wick is laid, necessitating the
change of the form of the lamp to oval or elliptic. The Eskimo
pottery dish lamp remains primitive with no definite placing of the
wick.
LadF WITH VAaX

The next step isin the measures tiken to install the wick. By
this step the lamp assumed the shiape which it retained for thousands
of years. This shape is familiar in the clussic lump, which lus s
circular reservoir and projecting besk for the wick.

The benk also arises in snother manner that is germane. fo the
construction of the lsmp, The acute triangle form lainp cut from
soapstone by the Kashmiri and secured by Dr. W. L. Abbott has
the trough continued from the reservoir to the apex of the triangle
and related to the shape of the excavation in the vessel. This intro-
durces the pottery lamp in the form of & foot with open wick trough
extonded a8 a clumsy spout or beak. The reservoir is closed nver,
undl through the top as through the neek of & bottle oil was poured
in. This farm is ancient, being sculptured on a stone zodiacal slah
of Nazi Maradah, son of Kurigalzar 11, about the middle of the four-
teenth century B. C. Tt is also shown on the eap of & kudurru or
houndary stone bearing the star emblems representing Babylonian
deities.” [Identical lampe are atill in use in Turkestan and Kashenir,
and have beon found in Mohammedan stations in Egypt, Asintic
Turkey, and Spain. A blue glazed Saracenic specimen of the tenth
century from Turkey in Asis is in the National Museum, It is
worthy of inquiry whether this farm of lamp was introduced into
Babiylon by the Turanian Cassites, who usurped the government of
Tiglathpilesar nnd who may ropresent one of the ineursions from
high Asin. The persistence of this form is truly remarkable {pl. 40,
fig. 4).

There is n large class of lamps which appear to trace Linek to the
luter Tron Age and which persisted in Europe {arinto the nineteenth
contiry, The simpler forms are of iron, of long trisngulsr outline
with little or no differentintion of resorvoir and apout, us in the Knsh-
mir stone lamp.  These lamps slways have an upright eurved iron
strap fastened at the back by which the lamp muy ba liftad or hung
up. This lamp is an excellent example of the multiplicity of minor
improvements which were applied to u primitive lamp and which at
the end still remained a primitive lamp,  In the less-modifiod forms

¥ Pl Canse  Chioess Thougtt, Oldsg, 1005, P w2-m
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of this lamp the wick gutter was uncovered, and only in the latest
Wbk h' htﬂ.tﬁﬂﬂ flﬂ- 4". ﬂgﬂg l'l 'E‘}d
Liaps WTIn WNK arOTTES

The next ponsiderable step in advance was the employment of
lamps having a projecting spout in which the wick was put (pl. 40,
figs. 2,8). Applied to the small clessic lamps this fenture was not
of great practical walue, but to langer vessels thera was some benefis
in the slight fluid pressure on the wick. Fluid pressure on the wick
is hinted at in the devices for tipping the simple basin lamps, and
this principle was perhaps long unconsciously practiced before it
helore it beoame an estublished neage.

Ths variation of the wick spout has produced innumerable forms
of this development of the edge of the reservoir. The Greco-Roman
lamps, manufactured by millions in terrs cotls and bronze, san be
lnid out, irrespective of date or place or reversions, to show stages in
the quasi development of the spout, reservoir cover, handle, foat, ete.
These serios are not useless when considered as indicating a normal
genesis of the festures mentioned.

A fundamental fact is the covering over of the reservair, which
has its effect Inter in the development of the lamp. No efforts are
sten to cover the reservoir of the circular saueer lamp, na this would
defeat its designed use, With the definite placing of the wick and
the growth of (he beak appesr pumerous inatances of partial cover-
ing af the reservoir in primitive lanps, culminating in the ecom-
plete inoasing of the reservoir seen in the classie forms, The wick
spout also loses its untidy aperture and is piorced with n symmatrical
hole fitted with bronze tube having a collar holding it in place.

Greco-Roman Iamps were parefully conformed to the cultured taste
of the ancients, who developed this household necessity to a high
state of nrtistio excellence. Limpid olive oil was a lamp fuel by far
the best known at the period, and obviated the use of drip catolors
characteristic of the lamps of the northern peoples of less enlture,
whose smoky lamps consumed naussons fate and greases.

The Greco-Roman nations wleo made lamps of twe und several
spouts. These ure found in later Roman sites. The Roman lamp
spoutts show little tendency to depart from the horizontsl or to be
developed in the sense of & tube curved upward near (he snd. The
wick, a4 in primitive lamps, was laid in the oil horizontally or in-
inclined slightly and turned up only at the end whore it was lighted.
The low capillarity of the wicks notwithstanding the limpidtiess
of the fual wis suoh that a vertical wick wes not peacticable.

With the fall of the Roman Empire illuminating apparatus again
took on the pheses of folk art and invention reviving or perpstuating
armule types, Glazed pottery, glass, and meotal, especially the Istter,
were meressingly used as materials for lamps. There is noted ulso
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an incrensing demand for light among the northern nations ss culture
grew, bt inventions which would foreshadow the effective lamp can
scarcely be distinguished smong the barbarous lights of the Middle
g LAMPS WITH LIMITED G54 YTIT FEEETEE

The link in the chain of lamps from the Roman period to the
period of enlightened invention is the Ttalian lucerna (pl. 41, fig. 2).
This lamp is of bronze, brass, or terrs cotts, and consists of & res-
ervoir with from two to four spouts and sn upright stem with base
on which the perforaled reservoir ean be raised or lowered. When
the reservoir is full there is & slight gravity head on the oil, not con-
clusively intentionsl but which might suggest an improvement to an
obgerving mind. Tn passing it may bo said that the Italian lucerna
Is the most graceful and beautiful lamp gver designed. ‘e

There follow in this apparent line lamps patently designed to
to furnish oil to the wick under gravity pressure (pl. 41, figs, 1, 3, 4),
This series of lamps is selected from the numerous primitive or quasi-
primitive lighting devices of Europe as the ons peinting out the way to
the practicable lamp.  Up to a few vears ago thess slanting long spout
lamps in brass and copper wero in uss in Belgium, France, und other
north European countries. Many came with immigrants to the New
World.

Tn the beginning complexities of researches ushering in the inven-
tive period many experiments were carried on by men whose minds
belonged to s new nge. The needs for more light were stressed by
growing cities, navigation, commorce, ocoupations, and tha vast
ramifications of social intercourse. Civie lighting was beginning,
and provisions must be made looking toward efficiency and economy
m public illumination. There was also evident the remunsration
which would follow the sppearance of practicabls lighting npparatus.
Tho Inmp, which for ages had been childishly simple, required for its
elevation to the plane of science the attask of profoundly complex
problems in many lines. It is apprecisted now that the effective
lamap required the services of chemistry, physics, mechanics, the
industriel arts and soiences, snd only by their progress was it possible to
transform the grease eup, which our ancestors thought the lust word
in lighting, into an afficient illuminsating apparatus,

The requirements wers as follows:

L. A limpid combustible fluid, sbundant and chesp.

2. A designed wick of strong capillarity and free burning without
too much earbon residue, The fluid and the wick are thus comple-
menlary.

3, Aeration of the flame by controlled draught. The fluid, wick,
and draught wre mutually complementary,
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Since the time was not yet for the production of the ideal fusl, the
earlier inventions dealt with the problem of the increused oil supply
to the wick by hydrostatic principles. Natural ETBViLy pressure, it has
been seen, was emploved in north European folk lamps of the sevan-
teenth and eightesnth centuries, perhaps earlier. With the inoreased
oil supply the wick must be designed to burn the fuel furnished, and
this introduces proper weration to prevent smoke. The ancient
round wick of yam produces an excess of unconsumed products in
the midst of the flame; woven flat wicks are batter. About 1780
tubular wicks furnished completo seration and the burner Was given
draught by openings under the flame, & prineiple long before inoor-
parated in the stove. The draught was brought up through the
burner, morating both sides of the fame and doing away with the
centgs of incombustion. The chimnoy of Argand sdded the last
essantial. !

A considerabls sehool of inventors interested in the perfoection of
the lump wus at work sbout the period of Argand, and, us is usual
in such cases of rupidly focussing inventive thoughs, it is diffiouli
to definitely place eredit for varions features. The Swiss engineer
Argand, however, is to be given eredit for the advanced lamp, his
efforts being to perfect the burner and to increase still mose the
draught by the chimney, Mucl later artificial or foreed draught was
spplied. Thefuel question had not Tsen solved, but Lhe sdvance of
chemistry was bringing out products of possible value, The vegetal
and animal oils in use in theearly stages of the invention were of heavy
body, and various dovices utilizing mechanioal pressure churacterize
the Iamps at the close of the sightesnth contury

Thelamps of ths folk pursued s line of development of their own
without regard to the advanced lamps, which were costly and often
errutic in behsvior, Al some period not to be stated the immemo-
rial lamp with wick to edge in u spout was abandoned and the wiek
was installed in the center of the reservoir. Argand’s lamp and
many others were based on the ancient model. The central-wick
lamp is the aneestor of modern lamps.

The lamps which came in number and variety, many of them very
ingenious from the workshops of French and English inventors ware
articles of luxury, little affecting the slowly developing lighting appli-
snces of the people® George Washington possessed severnl lamps
of the Argand type, perhaps duplioated in few of the great houses of
America at the close of the sightesnth century, The popular lamp
and the general diffusion of illumination awaited the discovery of a
suitable flluminant.

W1L 0 ot intemdsd bers Lo roview bn datall the btory of tae lamps of Vhe fnventive peciod.
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Muminating fluids were the ohjeet of earnest research earried on
by investigntors in yarious Furopesn countries and in America, The
more importaut of these put in goneral use were whals oil, proferably
of the sperm whals, Physster macrocephalus; lard oil; porsflin oil
made by distilling oil shalss, and cannel col, 1884-1550; eamphine, &
campound or distillate of turpentine vil over chloride of lime, o dan-
gerous explosive, about 1830, and finally the ideal was reached by
the discovery of petroleum in great quantitios st Titusvills, Pennayl-
vanin in 1850, and the distillation of ils ahisl eonstituent, known ss
woal oil; thus solving the problem of nearly a century, The earlior
lamps bumning heavy oils had one eentral wick tnbe without device
for rising or lowering the wick. Following Franklin's sciontific
discovery based on obsurvation of the common lamp, proving that
two fubes side by side produced proportionately more light by
induced draught, changes to this effect were made in lamps. Three
tubes, it was found, produced 4 contrury offect.  On the introduction
of cumphine tubes were made longer and inclined st « diverging
angle. At this period also special burners were devised for burning
cmmphine.

In the sixties in the United States the use of petroleum becunie
general and the common: two-tube lamps ware mounted with yenti-
lated burners and glass chimneys.  These lamps had st wicks. At
the Centenninl Exhibition in Philadelphia in 1878 there was exhib-
ited o lamp with tubular woven wick, center ventiluted, snd with
gliss tubular chimney having an expunded air chamber st the base,
This lnmp wes the beginning of # line of lnmps reaching the highest
Huminating resulis from petroleum (pl. 41, fig, 5). '

ETHNOGRAPHY OF THE LAMP

Under this head aro discussed lamps which diffarsut races have
adapted to their necds and which show racial eharacteristies in art,
These lumps belong in the noninventive period, snd therefore pre-
vede developmentally the lamp of Argand. Itis obviously impossible
to monograph the Inmps of each country treated bolow. An attempt
will be made only to present the charscteristio forms coming to

noce,
v ENOLLXD

Extemporunsous or local lamps are interesting ns devices of the
folk, although they have no besring on the history of illumination.
England has many of these which their mukers fashioned s mn
expression of humor or individuality. Thus a block of ehalk hollowad
out and aquared forms u lamp such as it is, or sn excayated turmp
.15 maude inlo a temporary oil holder,
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In several parts shells were used &= natural lamps, an oyster shell
st Gower, Wales,™ and a fusus shell in the Shetlands end Orkneys.

The crusie i4 & spoon-shaped iron lamp with handle and hook for
hanging and o drip eatcher, formerly used pretty generally by the
folk in England. It is an ancient form of spout lamp mueh nsed in
north Enropean countrips:

A hand lsmp shaped like a gravy boat with handle wos in use near
London years sgo, Bukersin Oxford had a easi-iron lamp of thia
kind for lighting the ovens' The wick was of canvas, and mutton
fat was burnt. This lamp appears to have dessended [rom the Anglo-
Sexon lamps, which were like the Roman examples of metal or earth-
enwars® Wright slso shows mediaeval lamps, cup lamps with knob
on the bottom earried on & pols, and men earrying a turmip-shaped
lamp . (p, 254}, Kitchen lamps of o much later period consisted of
vessels with an uprurving spout? like the Flemish lamps or the Cor-
nish kyal.

Tin lamps of “petticont™ shape, with two tubes for burning fish
oil, are illustrated in Crowquill’s Baron Muncheusen, and belong to
thé ors of the glass and pewter whale-oil lamp which beeame common
in Amurica from colonial times.

Oecupational lamps, as the baker's Inmp, miner's lamp, ete., were
no doubt of & number of varieties in England. One of these from
Oxford, through the courtesy of Henry Balfour, consists of a hrick
with s cup-shaped eavity cut in the broad side, fitted with fat and
supplied with & wick. Under oconpational lamps of America forms
presitmably of English derivation aro deseribed.

ECOTLA S

Antiquarisn interest hus long been stimulated in Scotland and
Wales, and much dats on the phases of home life has been recorded. *
Tho oldest as well s the mest-developed domestic lamp of Scotland
was the crusie. The Scoteh crusies are particnlarly interesting on
necount of their pxcellent ironwork and the comploteness of this type
of lamp. In old Scotland the crusies had become the lamp par ex-
cellence, and as typical in form and finish as the lamp of any country
Sometimes (he erusie was cut fram stone, and there lus been some
conjeoturs that the original northern crusie was of this material,
Crusies were hammered oul in a stone matrix by the Beotoh smiths,
Later domastic lamps begin (o show the variations due to exchange
of idons.  Spout lamps of tin mounted on & bese appear, kwo-gpout

® Aricklogis Colkrmils, etaler, 1981, o 1D

¥ fntormmtion by Mesry Raifoor.

VT hosmme Wiright. Dummstis Mupsnéry and Sentimunts (o Bngliod Durliag (e Mitde Apse, p. S50

¥ Earystormdla Beitbnnio, Sih ad., vob 15, b T8

Nortbern Nites aod Quarss, or (e Stollis Anthnary. Fiinbergh, Handbook of Ui Nalioml
dtmeniny of Wales Vi (g Edihitium of Walsh Asthyuities, Juss-Oepobor, W13 Curdor, yuis
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bucket lamps, such us were used on ships or in hallways; a tin foun-
tain or gravity lamps, and an improved Argand.' The crusie was
also adapted for civic uses, There isin the Stirling Museum & crusie
street lamp.

GFRWLmT

The domestic Iamps in Germany st a former period were similsr
to those of England. The form of erusie differs in being covered,
and the wick is installed in a sloping channel raised sbove the spout
80 that the drip drains buck into the reservoir. Tlis improvement
was probably also found in English erusies. The tin, brass, and
pewter lamps involve the same simple principles as in the English
forms.*

German lsmps are found in Ameries, brought over by immigrants.

HOEWAT, FWEDLES, AND DENMNAKK L™

The lamps of thess countries offer & fow differences when compared
with those of England snd Germany, and thess mainly in point of
folk art

L= SRl

Dir. €. A, Q. Norton is authority for (he stetement that the Iee-
landers used o lamp made from s whale's pelvis, the openings stopped
with a cement of sand mixed with blood, and also that the lamp was
fed with pieces of auk.

“Both in the Faroes and in lceland stone lemps wers used com-
paratively recently, specimens being occasionally found in digging
on the sites of former houses. Omne thus brought to light in the
Westermann Isles is now in the possession of Henry Balfour, wlo has
kindly permitted me to examine it. It consists of u flat voleanic
stone, slightly waterworn, on the upper surface of which a shallow
depression, roughly wedge shaped in outline, has been scooped out,
messuring 434 inches in length and 234 inches in hreadth at the base,
which is rounded; the apical part of the wedge, which is elightly con-
stricted from the rest ut a point 114 inches from the apex, served,
without reaching the edge of the stone, us a channel to hold the wick,
which was probably of wool; the stoneitself is oval, 534 inches long,
5 inches in maximum transverse diametér, und 134 to 13{ inches in
thickness, Judging from s date carved on s horn spoon found with
it, this lamp is about 270 years old; its workmanship is SUpErior Lo
that of some more recent Scotoh and Arcadian specimens, und also
of one I have seen that had been dug up in the Faroes. At first I
was inclined to regard the Westermann specimen rather sa g mold in
which metal lamps were besten out, but the great depth of the Tee
landic brass and iron lamps of the ‘crusis’ type precludes this ides.”*

O 1. Vo B, Dot Vo i | e AP v 1 s s B
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smd Bouth Inslnid. Jetern. Anthirop. List, vol. )0, fuly- December, 1900, 3, 250,
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Annsndale says of the Icelandic use of the bones of the pilot whale
(Globicephalus wmelas):

“When fresh they are in wso as o fuel for fires over which fish il
inboiled. * * * The jaws were usad as a shovel for putting peat
on the fire."'

TEANLE

The crusie used in medigeval times in France was without drip
gateher, Thesupport was curved forward and provided with notches.
A link atiached to the bsse of the hook passed over the notches
and allowed the lamp to be tipped forwand, so that sll the vil could
be consumed. This advantage was provided for in some of the
Seotch ertsies by hanging the inner lamp shell on a notched support.

A erusie of different stvle, of cust brass, was used in northern Franoe,
The_geservoir is spoon shaped, with & small opening in the side for
pouring in ¢il. The upper portion is pierced and resembles a dome
with columns, Tt is provided with sn iron hook for suspension, and
a ciroulsr drip catoheér hungs below the reservoir. Crusies of iron,
soma with rigid hooks and others with pivoted hook, as in the Eng-
tish forms, were formerly employed in France*

Among the occupational lamps n remsrkuble miner's lamp from
north France may he mentioned. It consists of a spheroidal reser-
voir of east iron with a wick hole near the edge, mounted with a hinge
joint for tipping between two wrought-iron arms joined ahove form-
ing # yoke to which is attached a stout hook. The pivoted cover
over the hale for Alling Is surmounted by the figure of avock. These
Irips sre made in the Cevenne and Auvergne distriots at St. Etienne,
ste, They are used by the potters of Le Puy and by iron miners in
Saons and Loire and at Le Mons, Belgium.

Civio lighting in Burope in earlier duys was confined to Innterns
suspended over tho streets on u cond, with cord and pulleys for
lowering the lamp far attention, or from hruckets fastened to n wall.
Many figures of Frenchstreot lamps are found in d"Allenmngne's work
cited.

Ttaly, a5 the canter of the best and most widespread illumination
of antiquity, presents many interesting lnmps rominisoent of the older
perind or direct survivals and retrogressions. Thus thera existed
ﬁdﬂl}yaﬁnhmiuﬁknthﬂlmmufchmiupnmmmp}e
grense dishes of primitive type. Rude iron lamps of boat form sus-

# Jerm, Asttuey Tnsd,, pol, 32, pp. 86-361, pL 34, p. 0.
*iemey-Ttad " Allrmgme,  Hislule du Landosine,  1'aris, 1001, Thia b an ensallant werk, actbatioally
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pended by chains from an iron beam were used in the Middle Ages.
These lnmps approsch the crusis form, but had a wick sl either end.

The lucerna is s lamp of lixury and ceremony, and it survives in
Ttaly and will suryive for these ressons. Lamps of the folk sre
mostly of glazed and decorated majolica, and often excellent spaci-
mens of the art. They consist of s ssucer fool, stem, & handle or
two handles; and & small bowl pinched up to form a lip or lips for
the wick. One of these represonts a femala figure holding » two-
lipped lamp on her head.  Another has two gracefully curved handles
at the sides of the upright. These lamps do not follow the classie
teaditions, but are North African. They areof the types found in
Mohammedsn countries, but much antedats Mohammedanism,

Civie lighting progressed in Italy much as in other European coun-
tries in the way of hanging lantemns in thestreets.  The neme gf art
in street lighting Is seen in the wonderful forged-iron lanterns on the
Strozsi palace in Florence. General illuminations were effected s in
othier parts by little grease pots called padelle placed on the fapades
of buildings.

ErAlN

Lamps of the older perdod in southern Spain sre predominantly of
Moorish origin, while those of unconquered Castilla and Leon partook
of the phases of art of Spain's European neighbors. There occur in
northern Spain forms of the crusie having tho drip catcher, the later
specimens in use 25 yoars ago made of tin. A erusie with an upright
wick tube wia obsorved in 1802, At that tine simple one-tube hand
Inmps and lenterns wore in use smong the folk. The peasants also
still preseryved the open grease lump. George Borrow saw al San
Lucas in 1838 “a small earthen pan on the floor filled with
water and oil, on which fAosted s small piece of cued with a lighted
wick in the middle, which simple species of lsmp is called &
‘mariposs.’’'®  This type of lamp is seenr in an altar lnmp of Sancho
IV, It consists of m metal basin like the pan of & balance hung by
chains. In tho basin is set & glass vessel for holding the oil and
wabor!  The elaborate metal-work Spanish altar lamps aro installed
with this lighting device,

Some of the most remarkable specimens of Moorish ark arve pro-
gorved in Spain. Chiel of these is the mosque lamp from the
Alhambra. This lamp is composed of four sections, the upper formed
of four * apples” in delicate openwork combining the motto of the Al-
Almares; below is u pyramidal chimuey with fine engraved fratwork
on each face, The third section is & canopy of lour panels finely
fretted and engraved with the Al-Ahmares motto in African charac-
ters. The fourth is a oylindrical section Lo which nre sttachod eight

# Corge Borresr,  Lilkls tn Spatn, p. 30, 1 Muse Eagafe] do Anigustade, Maded, ol L p, oL
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frotwork arms. This lamp was ordered by the Sultan Mohammead
111 of Granads in the year 705 of the Hejira, 1306 A. D, From Gra-
pads also is an il holder in gold of the purest grenadine work of the
fourteenth eentury, bearing enamel inseriptions. An illustration of
the mosque lamp is found in Henri Réné d'Allemagne’s Tistaire du
Luminsire. Thare is also in the Escorisl & heautiful lamp of bronze
and coral dating from the seventeenih century.

Moorish lamps encountered in Spain are of terra cotts glazed or
unglazed or of bronge. The hand lamp is vase shaped, with handle
and the oharacteristio long spout with open wick gutter. In bronze
this form is more elaborate, having u hinged cover on the feeding
opening, o pierced handlo, and tweezers atinchod by o chain. Terra-
cotta lsmps with three spouts are found, also suspension four-spout
lsmps of the same material.

WOTEAYT AND BRI

The lamps in ordinary use in thess countries formerly are ohar-
acteristio, are well and strongly made, and of good material. The
chial departure from the crusie is shown in the number of wick
spouts. The Netherlands erusie is provided with a drip eatoher,
Tahle lamps with base and stém have long spouts. The reservoir
with spout is frequently set in the cup besring the drip spout.
These lamps also have o perforated tsb by which they msy be hung.
Bucket lamps with two spoutes or more and with bail for hanging
sre also found in Holland and Belginm. Their use was for halls snd
on ships. Note has been niada that these lamps have some gravity
pressifre.

4l

The lamps of Asis, both ancient and modern, are of great varisty,
refleot the highest and crudest art, but se far s invention goes ure
in the primitive class, Even environmental conditions which,
according to theories seeming to apply to Europe, should stimulate
inventions for procuring better light in northern latitudes have not
produced the predicted result in Asia.

In Aretie Asia little has been recorded ns to the use of lumps.  Sofar
as may be suggested at present s small circular stone lamp is found,
like the dish type found in Alsska, which may confidently be ssid to
bo an introdustion from Asia. The broad-wick elliptic lamp of the
Eskimo apparently belougs exclusively to the Western Hemisphere,
but it is used by the Eskimo on the Siberian side. The lamp of the
Chukehi and Chuvanes of Siborin is a round dish of stone, but has
& small spout formed on the rim where is burnt a small light for
smokers, whiln if a large light or heat are needed the whole dish is
used.

W intamstions by Gan James M. Ashion, whi traveied in the region In T8
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The common lamp of the Near Esst, not considering those of
Roman snd Greek introduction, was u puuer]' saucer more or less
modified by bending the rim to form a trough for the wick. This
is true generally for ancient lamps preceding the Mohammedsn con-
quest, and was maintained as the type of the Iatter civilizsation. The
character of the peoples and their habits of life fixed the simple lamp
a5 the limit of their requirements,

The flont lamp heas an extended use in the Near East. This usa
has boon promoted by the facility with which glasses for these lamps
could be procured. The ordinary float lamp does not roquire
8 glass vessel, but hanging lamps, such es are used in mosques,
must be fitted with glues tubes. The globular pierced-metal
chendeliers, with glass tubes in which the light is installed projepfing
beneath, are mnmong the most beautiful of light fixtures, Thoss
of vass shape of painted gluss sre among the rarest specimens
of Mohammedan art. Great dron  chandeliors of globular
shape, with a multitude of arma for holding gluss eup lamps,
were hung in mosques. The wick was wound onn trifid wire holder
which was sot in the bottom of the lamp. In Arabis, Porsia,
and Mesopotamia the lamps of the folk were of the simple type of
the noninventive period. One would see in a Persian house at
Oroomia, {or instance, a saucer of oil in which burnt a piece of string,
set in n niche in the wall. Such & lamp made but the dimmest light,

In Mesopotamis lamps have recontly been excavated from the
ruins of Rhuges and other old sites, These lnmps nre interesting
from the standpoint of wri, but are clussed ns simple.

TORERITAN

Lamps from the Turkestan potteries have been mentionea as of
the open-gutter type. They are filled through s bottle neck over
the reservoir and have  long beak. Some of them are unglazed, and
others, modeled in the shape of animals, wre glazed in green and
yellow,

The lamp of Bhutum is deseribed as a shoeshaped pan, with a bit
of cotton lighted in the bottom and two or three lumps of tallow
Inid over it. ““Thae clerk held the paper in one hand amd the pen
in the other. Ome man flared the light ns close to lim as he could,
sloping it and shioving in the tellow with his finger as the light grew
&im.”ll

Dr. W. L. Abbott procared at Skardu, in Baltistan,
soapstone lamps which were in universal use. The wick Is drawn
to the apex of the triangular excavation and supplied with oil ex-
pressed from apricot pipa. Doctor Abbott also got pottery lamps

# Jouroal of Thomes Manning to Lissm, in Narretive of the Mision of (earge Deghn, sls, p 20
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L]
from Keshmir. They are saucers of thin terra cotta pressed in on
opposite sides to form u handle by which Lhe lamp may be grasped.
Another lamp [rom Srinsgar, Knahmir, is napiform of red terra cotta
with spout. The wick chisnnel is ent through the rim and the res-
ervoir ig open above, as in the Turkestan Inmps. This specimen js
decorated with incised triangles and the border is sealloped. The
native name is song.
moiL

Some of the common lamps of Indin were procured by Heory
Balfour, of Oxford, from Mirzapur, Indin. The types aren round,
shallow, sathernware saucer with flared sides and the edge. pinched
jnbo & spout; and un oval earthernware lamp pressed in a form and
with sharp spout; and an oval ssthernware saucer with flaring sides
congimmed st one end to a sharp spout. Another is a littla copper
cup having four shallow grooves beaten in the sides for the wicks,
In southern Indin " earthernware sancers with a amall peak or noteh
for securing an oil wick are used in houses, bazaars temples, ete,,
usually placed in triangular niches in the walls. The same sort of
lamps ure found in prehistoric graves.

Saered lamips wre inmumerable in Indin and of infinite variety, In
temple lampe ghi or clsrified butter, not oil, is burned with wicks of
new cotton. Tf oil is used the til oil only is allowed. One lamp is
deseribed as o cup on o foot with a long handle. To the cup is con-
nected n nagns—shaped head on which rest five small oil cups. In
snother Devi holds five oll oups.™

Some temple lamps of hrass, with several wick notehes around the
rim, Others consist of amall brass saucers arranged on stands in di-
minishing cireles, In the worship of Kali there are placed on each
cornor of altar Inmps consisting of five earthen pots, four of these
surrounding the fifth as the centar. The lstter is for incense, the
others for light.”" Sacrad lamps are often mounted on elaborate metal
work stands.

The simple lamp of Ceylon is & shallow saucer of earthenware,
with s projection on the edge forming the wick spout and another
projection opposite forming a stub handle. Another simple lamp is
a shallow elliptic platter of brown composition like cement, neatly
made and with & wick spout st one end.

(feylon birnss lamps have multiple wick channels, ns thoso of India
described.  Others have spouts longer than the lucerns and somewhat
resambla Flemish spout lamps. Ons lamp, probably recent, appears
to uss gravity pressure on the wick.

WEE Tywr: Joorm Anthr Dmek, wol 0% 1554 255
o Cutnloges of Objects of Indins Art. South Kessington Museam; Tyior Coliection, p. 35

® B, b Tyler. Jonrn. Asihr. Ik, vol 13, L84, D 0S8,
¥ Iliusirsted Cathoflo Mbsmiows, April, 80, p. 150
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#

The Burmess common lamp is shallow black elay chatty. This
lamp plays an important part in the prottiest of the numerous Bur-
mese feasts, the “Feast of Lights." The feast ocenrs at the close of
Burmess Lent and commemorates the time when Gautama was en-
lightened., Hundreds of thousands of these little chatiies are filled
with coconut oil and bits of wick wre placed in them. They ave then
arranged in Tows on every veranda, railing, and overy plsce where
one can beset.  Even the pagodas are outlined und their spirals out-
lined by the unrivaled whitenoss of these little lights. They far
excel in besuty the electrical displays of which we are so proud.™

It the Shan States the ordinary lamp is o glazed potiery saucer
not modified for & wick They are notohed on the edge for orna-
ment, and the foot s usually unglazoed.

In Laos & flat vessel or saueor for holding the pork fat or oil hav-
ing & bit of cotton wick, furnishes the only artifical light.® 'The
reception room of the prince is brillisntly illuminated with mnumer
able little coconut-oil lumps."”

TINET

The Tibetan butter lamp is o brass saucer forming part of a stand,
Tt is essentially the simple Chinese common lamp, without s definite
place for the wick, Other elaborate metal lamps with wick grooves
and evidently of Indian extraction are found in the temples, and
many have been hrought out of the country in recent years,

ity

Mr. Rockhill says: “A few miles beyond Pin Chou we passed
through & small village at the foot of n high sandstone cliff, far up
in the fece of which a number of litile temples had been excavated;
ascass is gained to them by ladders hanging down the rook. All
around the temples little niches have heen cut in the eliff, and in
these the peoplo light small lamps so nunierous that the whole sur-
face of ths rock has become blackened by the smoke®

The lamp in general use in Ching is o shallow saucer of pottery or
motsl in which out or bean or other oil is burnt, The wick is somo-
times coiled, ns in the candls, and more frequently Iaid struight.
Sometimes the wick is deawn through a holein the bottom of 4 tube
formed in the hottom of an sarthenware saucer.  The simple savcer
lamp is installed in many ways, in lanterns, on stands, in pierced
jars, cte. Mounted on a curions bambod frume it did service as &
stroel lamp. A lamp consisting of a motal tube on & rod like o sky-
rocket is o Chinese illuminating dovice. Newer lamps, evidently
aceultural, have long curving spouts, and the opmm-=smoker's lamp

» [atermatien by M. 1T, L While
¥ diarm weed Loos. Preabiyterbsi Heard Philsdulphin, (806, p dil, s,
WO, W, HockSiTh The Tamel of Lt Lasms, Now Vork, B, p. 3
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is & central tube lamp like those formerly used in Europe: A form
of this was s hanging lamp with shade, Chiness chandeliers are
often elaborately inerusted with gilt and kingfisher's fealhers,
EORRES

In northern Korea o tiny pottery lamp like a saucer with a rongh
wick dipped in the oil is common® The lamp as usually installed
in Korea consists of a rather deep shucer of pofiery contuining sess-
mum ail and & cotton wick resting on gatand., Thestand has & base
and upright, the latter ratehsted. Slipping over the npright i an
arm with & lamp rest, and & similar arm below scts as a drip-catcher
guppori. By means of the ratchet the lamp can be tipped or reised
or lowered. The specimen deseribod 1= of wood, but the device is
sometimes made of brass. [t is called eh biung, lamp stand.

-
= TArAN

Japansse lighting was complete in all its details and wss sdequate
for every phase of social life. In no country during the noninventive
period was there such n varied, artistically satisfying utilization of
light. Lamps for burning oil, howaver, wers of the simplest form, a
mere shallow dish undifferentiated for the installation of u wick.

The Aino abarigines of Japan possessod a lamp that has every aspect
of primitiveness. The reservoir of their lamp is a pecten or elam
ghall ot in tho grasp of o three-pronged stick left with the bark on.
The wick is twisted bark or pith of rush. Seal oil anid fish oil are
burnt in this lamp, which is called nocki beck. In the shsence of a
forked stick the end of & stick was split in four parts and the ends
separated by wedges, The Aino also had a pothook with ratchet
ruck nfter western fashion,

Lamps occur sporadically in the Fast Indies, and so {ar as may be
surmisad are not of indigenous culture,  In Java spoon-shaped lamps
of cast brass, with stand and lamp in one or separate, are evidently
of Indian origin. In Niss Modighani found a rude pottery lamp
shaped like s teapot and s.similar specimon in brass. These he thinks
were imported.® A ourious lnmp was found at Telok Dalam by Dr.
W. L. Abbott. Tt ia crusis shape, of wood, and the hook support is
mortissd through the back of the lamp,

FHILITFINES
In the southern island of Mindanso brass ssucer lamps, ususlly
with standard, are found among the Moros. These lamps seem to
refer to India. Oune of these Inmps is o throe-spout ssncer mountod
on g standard, Esch spout has e rib scross it following the outline

ﬂcnh-l.-l'llnl:‘n-,ﬂrr‘l'uh“bm !E‘leﬂhhmﬂnﬂ-
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of the saucer rim. The Moros also use a small brass pot as a float
lamp, which was evidently introduced with Mohammedanism.

In Luzon hanging lamps consisting of a bamboo frame attached to
a bamboo eup on whith is set u ghallow esrthenware sanoor are in
common use, In the middle of the crossbar of the frame is & hook
for hanging the lamp, This lamp is evidently of Chineso origin. A
long-spout lamp of terra cotta, well designed nnd finizhed, is made in
Luzon. Somewhat smaller esrthen lamps of this type are used in
the odd fishing lanterns by the natives of the coast.

FOLYEREIA

Lamps occur rarely among the Polynesian Tslands, and it is an
opon ruestion whother any of the specimans are native, The New
Zealand natives used aatone cup lamp like those of Hawail excavated in
broken poi pounders. Concerning Tahiti Admiral Wilkes ‘ saye:
“ The lampe, which are always kept burning in their houses at night,
are made from the shell of a coconut. The wick is formed of wild
ootton and is kept upright in the eenter of the bowl by two elastic
stripe of coconut lesf crossing each other st right angles.”” Wilkes
aleo saw similar lamps in use in Samon.*

Numerous stone lamps have been colleoted in Haweil. They are
cup shape and hourgless shape, of hard stone. Many are mades
from broken pesiles nnd some are of wood. The collection of the
Bernics Paunhi Bishop Museum at Honolulu has s number of these
lamps.® A remarkable specimen is figured by Edge-Partington and
Charles Heape in their catalogue. 1t is described as a eorcery lamp
of scoriaceous stone used st morsis or temples. It is 15 inches high.
The base is to represent five joined legs, the hody of the lamp is &
plain drum, and sbove is an arched handle with three pits on top.
It would seem that the carver worked with the design of some
wooden objeet in' mind. If this is really & lamp it is donbtless
indigenous. Tha specimen is in the British Museum.

The sthnography of the lamp in the Western Hemisphere is con-
fined to the Eskimo, who were the only aborigines in this division of
the world who possessad a lamp. In the cosst fringe from Greenland
to the Aleutians there are two types of lamp, the chief being the stone
lamp with more or less extended wick edge, and the pottery saucer
lump of the southern Bering Strait aren.  The first-mentioned type
is peculiar in having a wick of powdersd moss. The Eskimo Ismp
has been monographed ™

» Wilkes Expodition, vol % pp. 81, 17,

=W, T. Brigham. Catalogne of {2 Bishop Mty p. 36

= Walisr Hough The Lamp of L Eskimo, Ao Hept, U, 5, Nei. Mo, (6 ghe The Orgs
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Lamps formerly used by the settlars of America are instances of
the introduction of this utensil from verious Europesan countries.
They serve thus as historical clews and often preserve data which is
lscking in the countries of origin, Many specimens were brought
from Europe by immigrants and formed the basis for modifications
snd improvements in Americs. -

In the United States thore are many examples of extemporaneous
lsmps. On the frontier grease lamps were made of a scooped-out
turnip in liew of a ssucer, slso a syeamore seed ball was found to make
n good wick when placed in u dish of fat, An iron spoon bowl, the
tang sharpened and driven into s upright, formed » good lamp.

Tlis English type of iron crusie was early brought to America aud
wassiti tolonial times in common use. ‘The crusis was an accompani-
ment of the open lireplace, where its smoke mingled with the smoke
of the ehimney., The English-crusie had disearded the drip entcher
for the most part and had beeome s compuet, workmanlike lamp.
At one period they evidently wers made by « standard [or trade, us
wha the foot warmer. These erusies havo a professional sppearance.

Tin upright lamps, with one or two tubes in the forth of hand or
table lumps, were much nsed from colonial times down to 1530 ar
thereabouts: (iluss und pewter lamps, mainly for the table but
often small and duplicated in number for guest lamps at hotels, wera
common. Frequentily theso lamps were merely the reservoir of glass
wilh peg bass for setting in & eandle socket and lighted on special
o¢easions.

worTon

Lamps brought to Ameriea by the Dutoh colonists appear to have
laft. little traces in common ussges ga to illumination. Such lamps
s may have coms over are hardly to be distinguished from Belginn

BELGIAN

Flemish lamps of brass, ehsracterized by s slanting spout and drp
catehar mounted on a stem, wero formerly somewhat in use in Amer-
icn. Identicsl spocimens, one from Belginm and one from lllinois,
arrived st the National Mussum the same day.

repicu

The principle contrilitition of lamps from France was during the
period of improved lamps using Argand'’s und other inventions. The
older forms, as the open crusie without drip eatcher, were formerly
used in Louisiana, but few have been preserved. The pavillion-
shaped Norman erusie and the north France miner’s glohulsr lump
were introdueed by immigrants together with other belongings, but
hadd little use in the United States.
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* UERMAR

German immigrants coming to the United States brought with them
their housshold belongings and set up the domestic life here in neoord-
ancs with customns of the old country. The weight of conservatism
and the settlement in masses in certain localities have cansed many
usages and enstoms to persist to the present among the Germans. In
enstern Pennsylvanin, for example, the erusie called sehmuize lamp,
fut lamp, was in use not long ngo, and probably somoe ultrs conservi-
tives still enjoy its aolique illumination. The German crusio was
osunlly without drip eatcher, Tt was of iron and of good workman-
ghip. Later crusies of tin became common. Sometimes the crusie
was hung on s rack by which it could be raised or lowered, or turned-
wood stands or stands of tin were made of which to set the lunp
Two types of Pennsylvania Dutel tin table lsmps had common
(ne of these consisted of & support sel in s pan and a globular res-
ervoir open at the top and having a wick tube in the conor. The
other had an oblong reservoir with wick tube at one end pod o wide
flat wick holder at the other, It scems strange that this lamp was
patentad, the date being February 4. 1851. Spout lnmps wore not
favored. »

EFAMIER

Subsequent to the Spanish discovery aud conguest the devices
for illuminntion current in Spain were brought to America, The
indigenous populstion in some oases adoptled the candle, probably
beesuss it was & cult objset, but the lamp did not assimilate with
their habits of life. The simple lamps of ssucer and crusie form,
stch as were first introduced, were retained in Spanish Amerion for
centuries. In Yueatan * the darkness of the night is rendered only
the more visible by the little carthorn vessel, lempars, with its Wir-
ton wick and feebls flame.” =

In Moxico small lamps of tin with one wick tube are still sold in
the markets. Small tin lnmps of ernsie type ara also sold in the
tinners' shops.

Peruvian miners wore o crusie in the hat wlule working in the
gilver mines of Cerro del Paseo,™ These wers probably introducad
from England.

FoETTQLEAR

The remark oo Spain slso applies to the Portuguese possessions in
America. Eubsnk deseribes s erusio with rateliet tilking devies in
use in Rio de Juneiro, Bragil. The lamp burt grease or oil, and
avery drnp of the fusl could be consumed by tilting it forward noteh
by motel, It was made of [ eopper, with & ourved iron supporting

™ 1, 5L MoDwily, Chautunqusn, Otater, 1557, 5 =
" lerndio and Gibhoo, Explomism of the Ammzon, vol. 1, 18H, p. 1L ph. 10, 90
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rod. Semetimes the lamp wes merely a punched-up saucer of
copper.®™  The lting crusie is like one of the old Freneh forms,
There was 8 lamp called “kyal" need on Cupe Cod, Mussachu-
setts, about 1820, It is a quaint affair; consisting of & eylindrical
reservair of tin with conioal lid snd an upeurving copper spout.  The
reservoir fits into o eup to the sides of whick is nttached the bail
handle of wire. The nsme kyal Dr, E. B, Tylor identified as an old
Seandinavian name; the lamp, howaver, is probably Flemish. *

Aruira

The use of lamps in this great continent iv almost exclusively
confined to the sres contiguous to the Mediterranean. 1o this ares
ara two preponderating groups, namely, Roman and Mohammodan,
the latter perpetuating sncient porn-Roman types. The modern
lunws slso shiow occasionally trans-Mediterrancan influence.

L ]

The usual pottery lamp of Moroceo is of green glaze ware, It
has & basin foot, a stem, s handle, and » bowl pinchad into elliptic
shape, Larger specimens nre elaboratein details, such ss the sumber
of lampa and eandle sockets, but preserve the general iden,

Matal lamps are generally of the suspended variety. The common
lamp i of open crusin type with four beaks or three, and with drip
catcher. They ure of brass ornamented with repoussé and open-
work, The hanging lamp has & basin of east brass chiseled, suspendad
by chaing to s hanger in shape of & hand, A green glaved pottery
bowl forming the reservoiris placed in the basin.  In somespecimens
-a bowl having & knob on the hottem is slung in the chains,

The Nationsl Musenm has o chandelier for the mosque from
Tetuan, Moroceo. It is of brass strips riveted togethor in the form
of n hexagram, 14 inches in dinmeter, und with six disk rings riveted
in the angles. From the points and rngs depend lamp supporis
consisting of & doublo birdshaped flat casting, » boss from which
hang three chains brought together to form a pocket in which the.
lump of glass or potlery is set, The chandelier ia suspended by
chains to the framo and attached to u larger hoss, From under the
boss hangs another lsmp suppovt, making a chandelier of 13 lights.

A form of orusie of iron was collected ut Fez, Morocco, by Taleott
Williams. 1t is & four-beak lamp seoured to s long iron-spiked rod
which is thrust into a billet of wood.

A small painted pottery lamp from Algiers has nn hourglass shape
base, n flattened celumn on which rests s lamp resembling the Roman,
and a handle resching from the back of the lamp to the top of the
buase.

o Thamas Bubank.  Litein Draxil, Naw York, 1855 o U0 @ fazmm, foy, I, vl 05, 1584, p. 288,
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The modern lamp of Egypt consists of a small glass vessel with &
tube at the bottom containing 4 cotton wick twisted sround a piece
of straw, This appears to be a survival of the common lamp of
encient Egypt depicted in the papyrus of Ani snd in wall deco-
rations. Another hand lamp of crnsin tvpe, with lwodls, neck
for filling the reservoir, snd open ‘wick gutter, is evidently Moham-
medan, related to lamps found st Fostal,

Rude lumps were introduced by the Aral traders and slavers into
Afrien, but wore rarely adopted by (he uncivilized races. In the
Christy colleetion in the British Museum sre lamps of potlery made
by the Nupe people of the River Niger,

The Betisemuraks natives of Madagascar possessed an ingenious
lamp of fron, thus deseribed by Ellis: sl
“Around the center of the room wes u sort of raised hearth edged
round with stones, on which s wood fire was burning. The room
was dimly lighted by & lamp of native structure fixed in the sand of
the hearth. The lamp itsell was a turiosity, consisting of an fron
rod 2 or § fect long, sharpened to s point ut ode end snd having a
cup with o hook above il al the other. The shurp end of the rod
was fixod in the sand. The cup contained melted fat. In this was
8 lighted wick of twisted cotton, and shove the flame of the wick &
picce of bullock’s fat was fixed on the hook, which, as it melted in

the fame, replenished the eup balow,

FLOAT LAMP

The foat lamp is & curious development in illuminating sppuratus”
of nncient origin and widespread use, Examples wero found in the
tomb of Tut-Ankh-Amen. The wick, instead of being anchored to
the side of the lamp reservoir or in & channel, is floated on oil, which
in turn is flonted on water in u bowl. Necessarily this contrivance
gave only u feable light, and it wes used where a limited illumination

“was needed.  Tts practical idess seem to have been to presarve light
and to economize light and oil. There may be addod slso the fes-
tures of long continunnce and safety, the latter provided by thie water,

The practicnl use of the float lamp ns & night light wns very exten-
sive for eck rooms, and also to keap a light which would ennble one
to move around or from which a candle eould be lit. In colonial
times and sunsequently in Americs the flont was thres pointed, cut
by hand from tin or brass, having & hole for the wick in the conter
ntul three bits o1 cors stuck on the pointe. A great trade in nackt-
lichter originsted w1 Nuremburg, Germany.  Ihese were disks of cork
fitted with wicks and put up in oval boxes of wood veneer. To this
duy boxes of might lights muy be purehased in Europoe,

® liay, William Ellls. Thres Visils fo Modsgecey, Sew Tork, 1809, po 154
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The practical use of the foat lamp in most countries is correlnted
with oult, the ides being the preservation of light, its continuance
believed to have s magionl effect, much as that stiributed to perpetual
fire. Thus the unsanctified floats of commerce, somstimes called
holy erosses, nre taken to the proper authorities to recieve o benedio-
tion. ‘The use of the float lnamps before altars in many countries has
beon remerked, The Jewish synsgogue Iamp is a shallow dish con-
taining oil, on the surface of which flosted a pisee of cork with a
wick. The slight lizht wassufficiont to give the course. At Tetuan,
Muroeco, the Hoat Jamp consists of & green glaze pottery saucer hung
in & sling of four brass chaing depending from o brass disk, which is
in turn hung to s flat plate of perforated brass in form of a bird, the
design aleo resembling a hand. In the mosque at Kairwan there
hugg “between the arches of the roof small and feeble lamps, mere
lighted wicks floating on dingy cil in cups of colored glass. From
the eupols in the center hung & dilapidated chandelier in which fick-
ered a few misernble candles™ ™ (pl. 39, fig. 2).

LAMPS OF ANTIQUITY

1t is endeavored here to briefly recapitulate rather incomplote data
on aneient lamps and to point out some of the reiationships of these
lluminating devicea to thoso of subssquent periods.
=

Traditionally lamps were invented in Egypt, but it is probable that
lamps wero more generally used in ancient Egypt than in other
countries, thus giving riss to the impression. Naturelly, on sccount
of the incompleteness of investigations, the methods of lighting in
Egvpt are littls known.

‘No pictorial representations show the night side of Egyptian life.
Dr. James Grant (Bey) in 1890, in answer to an inquiry as to the
light which the Egyptians must have required in decorsting dark
chambars, collected hieroglyphs mesning light, lamps, ete,, which he
gont to the writer, From these can be distinguished eight forma of
lighting spparatus, as follows (fig. 4, a-%):

a. In word for white, brilliant. Kind of illuminator not deter-
mined, but may be & mass of wax formed on a rod, ns the Chinese
candlo.

b. Same form in word for splendid.

¢, Same, with hase,

d. Swme, with cross marks, in expression to make to shine.

¢ Pringipal hieroglyph in & group meaning to penstrate, to inspect,
to excits, to muke srdent, to make brilliant.

. A toroh, & toroh stand, or Ismp and torch stand.®

® Goorpe ¥, Oormon.  Balvatite by Tortzes & Eatrwar Forinightly Boriew. _
" 5ea Towssd Uetter and A. C. Mice, The Tomb o Tut-Ankh-Amem, New Tork, 1939, ol 73 and p
jLTN
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“Among the minor articles foundd in the tomb, none was of greater
or more curious interest than the little bronze candlestiok, shaped in
the form of Ankh, and provided with metal bands for attaching the

linenwicks soaked inoil. Nosuch objects have hitherto

a been fonnd, and while we need not imagine that these

small stands were representative of the sole lighting of

the Egyptian palaces, thev vou give us ‘an ides of the

meconveniences which went along with the splendors of

life in anciant Egrpt; for the light which such devions

b ean have given must have been of the most inafficient
and unstahloe sopt,''s

g. A lnmp. . The surviving lamp in Egypt, ealled by
the Arabs kandedl, consisting of & cup of glass with a
glass tube riming from the middle of tho bottom:  Weter
€ is poured in, reaching holow the mouth of the wbe. il
is poured in, covering the mouth of the tube. The
wick is n stick or straw with & cord of eotton wound
g ®round it thrust in the tube. The papyrus of Ani
shows such a lamp, the uppor part of the flame in red
snd the lower in white, Ttis termed “a cult lamp,
everlasting lamp put in the funeral chamber by the
Eg}'pl-i&ns."“

h. Meaning a feebile light, apparently a taper held in
the hand,

Another form, meaning light, consists of n series of
four, like (¢) connected in cirenit at the huses with &
line curving back to the third, This may be a portable
toreh, suggestive to those borne by porters in Cairo
Feamn ago,

In viow of the great amount of mural work, invalving
careful and in some cases minute earving, drawing, and
application of color in unlightad places, the setting up
9 of tomb farnitwe and other work underground, it
is evidont that the Bgyptikne had sdsquate artificial
lights ressonably free from smoke. On this premise it
18 not ndcessary to presume anything liko mysterions
lost inventions in lighting, a8 cleotric bulbs, even if
the hiﬂﬁl}h suggest them. The hieroglyphs and
~ tomb discoveries reveal o tange of lighting n paratus
Fpetrriis wme. 8% about 3,500 ours ago oqual to that of Rome fn

e e the best period or that of the time of Lous the Fifteanth,
14 is affirmed as & ressonable oriticlsm that the lights
which the Egyptians developed, cortainly the Inmpand almost ertainly
o Jammgn Halpls The Bls of B Amsidhd Bast, Candom, i, p, 170, Rl el B
¥ Bowk of Lhe Dead, Paggmen of Aci Feitih Stisesm, Londue jus, Sa= Uartar und Marm, p. 104
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the eandle, filled every roquirement.  The oup lamp like & footlight
throwing ita illumination upward and aided by reflections from the
surfacs of the oil on water, would be ideal for the wall decoratar.
The taper, candle, or torch of waxed conds hold close to the work
would fwrnish sufficient light.  Maspero illustrates an Egyptian bronze
orusie (locality not given). The body of the lamp represents o gazelle
bound for sacrifice Iving on its back in the bowl of the crusie. The
erusio has threo feet. The support s oylindrical and terminates
in a duck’s-head hook:™ Maspero desoribes this objeet us n *lndle
for dipping wine."

Potrie found st Tanigin the house of Bak-akhuin of the Plolamaio
period in Egypt, sbout 174 A. D, *“A bronze lsmp, 15 inches high,
with & long handle ending in & goose's head, was foumd lying in the
corger of the lending, haliwsy down the cellsr stairs, probably kept
there for lighting the way down to the cellar; the spout was wide,
s in some terra-cottn lamps, the topis a lid fitting on tight to the
body, with n ring on the top, and it hes three legs to stand on the
ground when not required to be carried or hung up.’'®  Petrie writes
that nothing from Greoee or Italy was found in this house, the only
foroign influenee boing Syrian.

With the entry of the Ptolemaie and Roman periods the charne-
teristio elay lamp becomes common in Bgypt, These lumps show
little chunges in art or form which would indicate that they were
adopted by Lhe Egyplinns.

In the Moslem period the lighting spparatus became more varied
by s number of introdustions, some of which remain in use 1o the
present dny. These wero mainly forms of Persian and other art
assimilated by the Mohammedans. Of interest are the punched
saucer Arabic-Egyptinn lamps recovered at Fostat, mear Cairo.
Fostat, ** Leather Tent,” was founded by Amir ebn As in 638 after
he bumed Egyptian Babylon, where Poter wrote his First Epistle.
Fostat was burnad m 1168 to prevent it from falling into the hands
of the Crusaders. Some of the spout lampa found in the ruins of
Fostat have a line greepish-blue glaze, Lamps found here of the
Phenician type are not unfike the style of the metal dish lsmpe still
uaed by the Arsbs,

AETRU-LAITRU- BANTLLIIL

Lamps found in Palestine date from Roman times and are among
the numerous landmarks of Roman denominstion, They Bave no
particular charncteristics ssparating tham from the Roman terra-cotta
lamps except in decoration, which embraces Jewish symbals, as the
seven-hranch candlestick, shield of David, eto.®

B Qton Musgern,  Egypllun Arshealogy, New Verk, |98, p, 229 :

oW, M. Fliaders Petre. Teutf, PL L Egrpt Explursilin Food, L, 882 oo M.

= $as 5. Tieunior. Dle Lamps, (ore Boduofung nad Envwiskhung e Pabsitinn. Tas Helllgs Land,
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In Assyris and Babylonia, however, are found both Roman lamps
and lamps which far antedste the invention of the Roman lamp.
These sre the lamps in form of & foot with open wick gutter and
curved nozzle dating to Iﬁﬂ-ﬂ B.C. Lamps;one with saucer, column,
and formed saucer reservoir, much liks the Moorish example, is from
Nimrud und Konyunjik palaces and is supposed to date from 880-500
B. C.; the other sats on n pedestal and has s wide-mouth resecvoir
and apofut comes from the northwest Nimrud palace, and is more like
the sncient type. These specimens are in the the British Museum.

BONLW

The Roman lamp cams into general use about 300 B. €. The older
forms suggest the lang-spoutad Europesn crusie with the back support
modified into a handle, giving u lump to be carried in the haggd or
set, On account of the great number of minor varialions in the
Roman lamp, series proving eny line of development may be lnid
out. In reality the Roman lamp eame into use when socisl and in-
dustrial progress had propared the way, Pliny is no doubt right in
saying that tho lamp was not used before because thare was not oil,
meaning perhnps surplus oil above the food supply. Roman engi-
noers by their mechanical genius vastly improved the primitive oil
mills, and in consequence the oil supply was greatly incroased.

Roman lsmps appear to reflect the work of artisans in metal. This
is duo to the fact that the lamp models and perhaps molds wers made
by & eluss of artists or designers in the minor fino urts called figuli
sigillatores, who sold them to Lhe lamp makers.™

The differentiation of designers and manufactuers is seen rather
enrly in the ceramic art, and it follows up in {he Bronze Aga when
molds were made snd objects duplicsted.

TEETE

In the aneient period of Groece, as in earlior times clsewhors,
lighting waa still in the primitive stage and had advanced only to
improvements of the torch. Sebliomann says:

“Not to speak of candles, even lamps were totally unknown to
Homer, and 1 never found them either at Troy or at Tiryns or
Mycense in the strata of prehistoric house romuins. Nay, lumps
appear not to have existed atl Tiryne or Mycenae befors their capture
by the Aryins in 468 B. C., beeauss I only found them in the lntter
place in:‘:im débria of the mora modern eity, and none wers found at

Simple suucer lamps are found in the island of Leros, Gresce, They
consist of o wheel-thrown earthenware with wick channel formed by

® Line I, Bl Larmpn anct QUL Yissl, Stunday Schiool Thmes, Age, 7, tsn, g 2t1.
® Hemry Betibemans,  Mypsssss, New Yok, 150, .50
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tumning over thoe sides. A Cyprisn lamp of this churacter is slso
pinehed up to form the wick channel. Lsmps of this type are much
older than Roman lamps; and the latter appenr to have developed
from them. No intermediste stages cleariy Roman, however, hnve
been observed to make the conneetion.

In Carthage thern have been unearthad clay lamps representing
sovernl historical periods, as Phonician, Roman, Vandal, Qhristinn,
Byzautine, and Arabic. A collection of ancient lamps ie in the Car-
thage Mussum.* =

Count Byron Khun de Prorok, exploring in Oarthage for the
French Government, has found many spocimens dsting from the
peoplis mentioned above, He concludes that some of the specimens
dute from 800 B. €. These forms are saueers of elay bent up to form
a singlo wick spout or two wick spouts, and having a long eylindrical
hundle, as observed in the Cesnola collection in the Matropalitan
Museum in New York. Lamps colloeted by De Prorok have the
borders of the saucer bent over on two sides and at the end, luted
and two spout holes formed. The spout holes are sometimes formed
inte two short tubes; the unmodified border of the ssucer being used
to grasp the lamp in lighting it ¢

FILE DEELLIMOR

Keller figures (pl. 81) & pottery lamp from the pile dwellings of
the Usberlingen See which seems to be loeally developed. 1t is napi-
form, with amall, shert spout and & large opening st the apex inte
the reservoir. It is deoorated with horizontal groovings inelosing
band of trisngulur figures forming s star ray pattern,®

In un aneient wreek discoverad st Brazen, n village near Dansig,
was found “a bronze compass (gimbel or swinging) lamp 414 inches
dinmeter, 214 inches high, in farm of a flattensd hulh, with eylindrical
projection downward; s furrow on either side would point toward
handle in which it was sprung.  The lamp shows on top an aperture
of 13§ inches, closed by a ld; three hurners within a trinngle were
placed wpon the arc.”* The description iz not clear, and it is
undecided whether the object is a taper holder or o lump. It is an
early ship light in which the problem of stability was solved by
gimbels and n base weight. No date is given for the find, hut the
evidence that the ship was buried in sand 1,000 feet from the present
share lineindicales considerable antiquity, The specimen is porhaps
the carllest hout light diseovered.

. Misdles, U colertien 4o Lasgpes Antiqees, fav, Tustisme, Mo 84, 4, Joly, Aplembeg,
Toww,
‘o Dheveripribans of o whinitod by Count de Frorok af the t. L Natooul Sy m 1852
 Fredinand Befler.  Swier Lake Deelling, Londom Wi

# Ganegs 1. RBoothroer. Probistorie Naval Archiltectors of Ihe Nerth of Eveege, Rapt. U, 8. Nat
Mus, Bl 093 From sriiels by Vien AL, Disched? bu Lalpatigee [Mustriler Zoltuig, Jas. 5, 1570
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Lamps have been found in the Cansry Islands in wacient sites.
They are rudely cut from lsva and sometimes have holes for
suspension. 'The finds of terra-cotts lamps were of one or multiple
wioks, and, as Doctor Verneau believes, imported *

ELECTRIC LIGHT

The forms of lighting discussed in this work exhibit in the msin
a long history and o slow development with a rapid culmination,
following in this respect a sesming law of progress. The electric
light has no long sncestry, but arises on the threshold of the inven-
tive age und completes its cycle in s short tims, passing to the {ront
rank of illumination in & steep ourve from its initial point, In the
inventive ago the old law is abrogated. Tts place is taken by u close-
knit correlation of ideas by which no invention is for itself alomebut
is the starting point for soms other invention, or its ides is incorpo-
rated into some more complex invention. In America the school of
invention was the froutier, where men far sway from civilization
were forced to improvise; thet is, Lo invent.

The uncivilized man does not improvise, ia seeming improvisa-
tioms wre only the result of ages of experience and custom, the han-
dling of old, well-warn tools which may be contrasted with the way
in whieh civilized man jugeles with his maschines, forming their
olomonts into mew combinations for predetermined wses. The
modern inventor is free from the trammels of an effete civilization
and ean nge his keen mind and native mechanieal ingenuity. Tho
Amerioan played checkers with his inventions. Superiority over
rivals wes ofton o satisfying recomponse.

In speaking of the history of the invention of the eleciric light, it
must be promised that it has been difficult to keep pace with the
work carried on by investigntors in different countries und to assign
the dutes of important experiments which establish the history, The
illuminating quality of the electrie spark or flngh was & primary ohsar-
vation of all periods, and of no sigiificanice until the iden of a contin-
uons discharge was coupled with the ides of its spplioation to illum-
ination. Many investigations were pursued and many inventions
preceded the fertile thought, as the machine for producing “frictiondl”
eloctricity and the Leyden jar and the battery, With these nccom-
plished and furnishing a groundwork for the inventor, Sir Humphry
Davy, in 1808, constructed o battery of 2,000 terminal, to the cells of
which he nitached pioces of charoonl, and when the carbons wero
brought in: apposition n bright sperk was produced, and hy regu-
lating the distance of the points » continuous discharge gave a bril-
linnt are of light nearly 4 inches in lengih. This wes an expensive
exporiment, but it hrought out the possible economic attainments of

# e (' Eihnagraphis, Sopremier-Deototer, 1807, p. 177,
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the electric light. The frictional electricity spparatus or electrieal
machines, the first of which was invented in the seventeenth century,
bad in them some of the elements which may hava led Lo the dynamo
through o great series of discoveries in the first quarter of the nine-
teenth century, The latter is based upon the experiments of Henry
and of Farndey, who produced s dynsmo in 1831, and Wheatstons
mude in 1841 s dynamo which produced a continuous current. With
the dynamo, subject to many improvements, the electric light became
an sconomic fuct.

The arc light which had a relatively long development, preceded
the incandescent lamp by only a few years. The first use of the lut-
ter was in 1862. The arc light was perfected in 1878 by Brush.
This light was particularly fitted for larger illumination, and could
nof we adapted for illuminntion of amall units of space. Tt can be
likened 1o the great torches which lighted the streets of Rome, while
Edigon's incandescent lamp, first axhibited in 1879, is like the little
Roman pottery lamp bringing Light into intimate relationship with
SpNpens GAS

The history of the economic utilization of gas is quite clear, In
1702 Mr. Murdock experimented on the production of gas from va-
rious substances, and lighted his own house with coal gas, and in 1797
lighted the Soho manufactory st Birmingham with the same fuel,
The Lyceum Theater, London, and s cotton factory st Manchester,
wors lighted in 1803.%

From these early installations there wes & rupid progress to
lighting atreets in cities, Pall Mall, London, in 1807, being the first.
Gas wae introduced in the United States at Baltimore in 1881,
at Boston in 1822, and in New York in 1527, Natural gas, which
issues from the earth in many places, was used in China for a long
time. Klaproth spesks of the use of natural gas conducted in bam-
boo tubes for burning in the city of Ehiung-tsken.

The most noted gas emanstions aro at Baku, which have been
known for n long period (soe Firo Worship), So far as is kmown the
unfural gas ol Baku and other localities around the Caspinn has
never heen used for practieal purposes. :

CIVIC LIGHTING

The lighting of cities, which was formerly hardly regarded as a
civie need, hus become the ehisf festura of the industrial science of il-
lumination. Belore the filteenth century it appears that the strests
of cities nt night were dark and that lanterns and torohes were sarrisd
by those who used the sireets at such hours.

* Peogresive Apo a=d Water Gas Jonrnild, Phtfadsiphin, 1558, p. 81,

®Asls Cenirale, Al Pombolill, vo & 1L Patly, 1965, pp 809°5M0 For Jupan see Oriffis, Mikeie'y
Enrpirs, p, 71
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In Amsterdam horn lanterns on posts were street lights in 1699,
In Paris fallots or vessels burning piteh. resin, or other sombustibles
were atreet lights in 1588,

“No ganeral system of lighting was mangurated in Venice till 1710,
when the Mereeria had lamps put on . In 1720 lighting was ex-
tended lo the whole city. Befors this, in 1450, o few lamps wers
kindled undér the arcades for part of the night, In 1128 the only
light on the streets was an infrequend shrine lamp.* '

In London in the early fifteenth century, by ediet of Henry 'V,
householders wers required to hang out o lantern during the dark of
the moon for the perind between Michelmas and Lady Day until 11
o'clock ut night. After 1786 oil lamps were installed in place of the
horn '‘lanthom' and this marks the teking wp of the work by the
city: =

Generally in the first stages of civie lighting such illumination as
was furnished was due to individual effort and expense amil to the
need of identification of inns and other entérprises whose business waa
extended into the night, Later some beginning system wes adopted
which led to publie lighting. The beginning of engineering require-
ments for civie lighting is seen in the vse of gas. Tho growth snd
complexity of this festure have become enormous.

ILLUMINANTS

The lamp ia usmally treated as an objeet of material eulture und
desoribed as to its locality, materinl, form, art, and perod. 1t has
not boen censidered in relation to the illuminents for which it was
dovised and which kept it for ages a simple contrivance furnishing a
moager light. The history of the exploitation of illuminants for the
lnamp, were it written, would yield to no other subject in variety,
color, and also eeonomie interest.

The msterials suitable for burning in Iamps would be classed &s
natural, erudo, refined, and artifieial, amd be of minersl, snimal, and
vegetal arigin.

MiThEAL

There ia mors historical datn on mineral lamp fiuids than on any
other class. Native naphths was used from an early period in Persin,
This mineral oil issues on the eastorn and western shores of the Cas-
Elim Sea and hes been kuown for ages, In the thirteenth century

arco Polo speaks of it and its use for burning by neighboring
nntions, The Buku region was the center of the fire worship of the
Magi (soe Fire Worship), Tn the life of Alexander, Plutarch states
that fire imsues in 4 continuous stream st Ecbatuna in Persia, and
he slso discourses on the uses and properties of naphths.™

© T ficmman (kg T D04 Vassloe Paleem, Ganrlan, 1507, 0. 29,
o Tlginrsh®y Tivea, ol £ DR Sbi-08,
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In Japan and Burma outerops of mineral oil wers put to some
use for burning, but probably at no distant date. There are many
instances of the use of the limited supply of outerop mineral oil long
antedating the preduction of enormous quantities of kerosene, which
began sbout. 65 yesrs ago.

AMIMAL

Mozt of the lamp fuels under this class are derived from water
animuls, the fats of land animals being unsuitable on secount of their
fixity, which is shown by the éontent of stearin und other bases com-
pared with the cil. Oil from aguatie animals, containing & smaller
amount of separahle bases remaing fuid in cold elimntes and the futs
are maore easily reduced to s liquid siate by the heat of the Iamp

flame, In many respeets fich oil is comparable to petrolmm,
© Ingisw of these faots the animal lamp fuel wes confined to oils
derived from water animals, principally from sen life, and thus was
collected on the coests. Fish oil was the earliest animal oil secured
in amount. In the island of Skye the oil bwrned in erusies was
extracted from the livers of fish. The livers were allowed to semi-
deoay and were then heated and the oil poured off into s stone jar
or craggan. The oil made w this way was dark, bul thin and

&

Seal oil was used in preference by the sbhoriginal cosst dwellers of
the north.  The Eskimo and Aino are examples. The lesser water
mammbls wore mors easily taken than the whale, and there is s pri-
arity of the useé of oil derived from them. Fish oll was ales tised
before whale oil. In response toa demand for & botter supply of
oil among other economic products. derived from cetscesns, whal-
ing increased rapidly to o great industry, threatening to exterminate
thess great sea animals. Tt has been observed that the mtroduetion
of petrolenm and ' the consequent decline of the industry provented
the extinetion of the while, Improved technieal methods early in
the ninotesnth eentury dlso placed lard ol and other snimal oil at
the disposel of those who bhurned lnmpes.

In the height of the seaoil industry muny olls for certain uses were
procured from numerons ses animals, OF those for illuminsting pur-
poses were fish oil, seal oil, and whale oil.  'Whale il was elassed ny
from different spoecies of whinles and known as eride, natural winter,
Bloached, xtra bloached, refined, and whale-oil “ fouts."" The sperni
ail, which wasregarded as superior to any other whale oil, wes known
g orude sperm, crude head sperm; crude body sperm, aatural winter
sperm, and blewched winter sperm.  Grampus; blackfish, and por-
poise oils from these eetnoeuns were sold as orude and refined. Seal
oils woro nuarkoted a8 natiral and stoam refined.  Menhaden oil was

Wipoe Boe, Antiy., Soothad, vol. 2, 18850, p- 183
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the most abundant fish oil, and wes sold as natural, pressed, and
bleached.

TEAETAL

Abundance of oil is derived from the vegetable kingdom, much of
it excellent for burning in lamps. Many of the kinds of vegatal oil
for Inmps were limited in amount and used locally, and some, as palm,
alive, and sesamum oil, were the hasis of important industries. The
extraction of vegetal oil in most cases is difficult and roquires mechan-
ical appliances, therefore it would be nnticipated that progressin this
work would not register until the agriculiural period. Muny species
of the palm, however, furnish fruits and nuts containing oil which is
capable of extraction by ernde aboriginal mathods. In the environ-
ment of the palms, howover, there was a limited demand for illami-
nants, and the use of palm cil for the purpose is observed principally -
in southeastern Asin. In Siam coconut oil and in India palm oil was
used for burning,

An important source in the East was the Dipterocarpus, or oil
tree. The nuts of the Aleurites triloba, burned as u torch in the
Polynesian islands, were made to yield lamp oil in Indin. In Brazil
various palms yielded oil for covking and Hluminating purposes.
Among these may be named Denocarpus bacaba, D), patana, Caryoca
braziliensis, and Euterpe edulis.

Oil from the eastor boun wns used #s sn illuminant in many local-
itigs. The streets of Lima, Poru, were lighted with it in 1870,

Nut oils were good for burning in lampa.  In Cashmaere, India, wal-
nut oil -and oil expressed from apricot seeds wers used in lamps.
Hickory-nut oil was so used locally in the United States. Beeclnuts,
brazil nuts, pistachio nuts, canarium nuts, candlenuts, physie nuts,
are among the nut sources of lnmp oil.

It waa early rocognized by the Romans that from the small oily
seada of varions plants, especially the sesamum, s valuabls produet
could beseoured,  In modern times rapeseed and poppy-sesd oil waa
consumed in lumps in Paris, snd muoch of the rapeseed oil was used
in the lighthouses of Europe. In the United States it wea employed
in lighthouses about 1854 on ncoount of the incressing price of sperm
o1l =

The stones of the grape yield good lamp oil, which was used in
Italy before 1850, In the Italisn Piedmont walnut oil wes burnad
in lamps in the period before kerosens,

Olive oil formed the basis of one of the greatest developments in
the history of illumination, marked by the diffusion in thy Moediter-
ranean of ithe Roman lamp and its common and extensive use for
light. In the earlier period of the Roman lamp we have the sug-
gestion of Pliny mentioned that lamps could not be used extensively

™ Jowpl Hemry, Smilhisonlsn Teport, 1280, b, ekl
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because of the lnck of oils to burn in them. Shortly; however, Roman
engineering and agricultural ekill applied to the fields and the uncient
olive mills and presses furnished an adequate supply for [pod and
light. Numerous examples of enrly mills and presses hsve been
uncoverod in the Maditerranean area and have beyn well described
by MM. Clastrier, Guebhard, und Goby," Tlhese mills and presses
were suitahle for the expression of oil. not only from vlives, for which
they.were probably chiefly used, but for vily seeds of various kinds.
In Syria at the present time olives are crushed hetwesn two large
stones turned around by s pole. Warm water is poured over the
mass, the oil rises to the top, the woman takes large double handful
-and with & skillful motion transfers it to a strainer by her side.®
For further notes on illuminants see Ethnography of the Lamp.

. LIGHT IN CULT

Parnllel with the fire cult & great body of enlt has grown up sround
light. Subtracted from the fire, supplied with sustenance and requir-
ing a different form of attention, the light becomes n thing apart
and tikes up a round of inventions which have not culminated at this
duy.

The etemal contest of light and darkness has been an sge-long
experiance to mankind. Out of this declaration of nature has evelved
the worship of fire as light, and at length the philosophy of Zoroas-
ter pitting light and derkness as antsgonistic elements named good
and evil.

At some period slso comparatively Ilnte in man’s history the sun
s the greatest natural source of light comes to be worshipped and &
vastly ramifying cult is established. Below these cults, which repre-
sent elaborate philosophies, are the ohservances of the folk, many of
them perhaps inheritances from more ancient times or normal growths
in indigenous religious ideas. Some instances of these customs maybe
given and the frequent parallelism with fire customs noted. Tn some.
casos it is difficult to separato the ideas of light and fire, but in most
ceies Lhere is a clear differentintion, a= in early times Lhere could easily
have been knowledge of the two funotions of fire. I lins even heen
conjectured that the primary usefulness of fire was for the light-giv-
ing quality, & theory which bhas much weight.

“There was considerable advance in rensoning before the sun snd
fire were correlated, and thore was nevier o generalization on the con-

neotion of the light of the stars, moon, and other natural luminous
phenomens before the advent of exuel seience, Tt nppears, there-

fare, that light was formerly ingeparahle from fire; snd that with the

W Presesi 4% Monkmd & Hoik Primitite, Ball 8 Prebist de Fouson, Jammary, 1908 54, 12
™ Wimens'y Werk for Wamaie, Tasuary, JE58, 0 I :
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advance of artificial illumination an incressing differentiation has
developed in oult practices dealing with fire and light. :

The terch, condle, and lamp us velicles of light sre prominent in
the enlt of light.

FUStONY CONEESTEN WTTH THE TORCN AXH CANTLS

Numerous customs surround the torch #s & svmbol and s nn
accompaniment of coremonies.  The Loungo peoples sent out s lighted
torch to denote war. In the Congo n dispute hotween two men was

decided by wager of battle. A toreli was lightad and the battle con-
tinued Gl it bumt out, @
LITEREA

Small Jucerna are usod in mortunry customs in Ttaly. They are
placed at the head wnd foot of the corpss instend of candles.  (Fnfor-
mation by D. I, Bushnell, jr.) It appears that this sacicat fonyg of
lamp hus survived into the presont on account of this custom. All
funerals were formerly by might,

THE Topn NS CANTLE 'Y FURTRAL WITES

It is ahsarved that light isa very common featura of funeral rites,
and this use is found in every stage of culturn. The reasons given
mey be many and yaried, but the proxinmte explanation of the
custom is that light is used in funeral rites as it is under ordinary
circumetances for the purpose of fllumination for those who bhave
gone to another sphere of haing. In this sense the light is regarded
ns huving the magic power to penstrate the veil of death: _

At the funeral of roysl personages in Hawaii large torches mado
of a number of coconut-leal midribs strung with kernels of the
Bukui or eandlenut were placed before the corpse, The midribs
were massed in form of a Eapili or standard and stood about 5 feet
High from s hamboo hase.

Ths Eskimo at St. Michael and on ihe lower Yukon hold u feast
of the dend in which lamps nre used. At the feast escl one in honor
of dend friends takes & lamp into tho keshim, The lnmps, srranges
around the room u yard from tlw wall on supparts about 2 feet high
are kopt burning till the fesst Is over. The main lamp is in the middle
of the room. The celebrants sing and drum before the ehief o

In the great feast to the dead st Razhinsky, lowir Yukon, Alaskn,
on the third day 12 lamps are placed at regular intervals sround the
room. These are clay lamps set on wooden posts or wicker-top
holders. The ecustomary kashim Ismp burns at the back of the
room, The lumps are filled with sesl oil and bumn throughout the

foest. They are supposad to light the dead on their way, Offerings
of fish are thrown an the Boor before the lamps

" Froidertcy Tetsl. Tiiabsey wf Masibind, Lautim, 1968, vol, Lo

“E W Nelum, The Eskimo Ahout Revtog Stealf, 18k inn. Rapt.. Bur, Lreer, Eiland, 1985, p, 354
= Libumm, g B3-3T0.
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The dows had a custom of placing u lighted wax eandle in o pot of
ashes by the corpaa.™

For & month after the death of & purent s light is kept burning,
nnd at the anniversiry of the death s lamp is lighted for o day.
This is believed 1o signalize a beliof in the immortality of the soul.
The lamp usod is the primitive one of the bowl with oil flonting an
water and a float carrying w wick.”

The Russians of St. Potersburg enrry lighted lanips before the dead
in funeral processions, and it is said that theso lamps help the soul
on ite upward journey.® The poorer elasses, hawever, do not earry
Inmps.

The Egyptians place candles beside the dead.® This is only one
instance of & world-wide custom of lighting the dead.

The cundle as 2 cult object features in all the religions of the world,
aud, =a hns been pointed out, the perpotuation of this superseded
iluminsting device is on arcount of its nse for ceremonial purposes.
The phases of its use are humerous. Itia first set apart us an object
possessing n cortain sacrodness by rites called blessings or rendoring
sacted, which fundamentally are for the purposs of producing the
requisite psychological reaction on the part of the devoni. Tlis
consecration is a neccssary and legitimate method of produeing u
religious sttitude, and is observed in the erudest manifestations of
religious santiment in the lowest obsarvad stages of enliure,

The eandle, having been blessed, is put to the verious mses
developed in eult pructices, some of which have been mentioned.
In the church it serves not euly for illumination, but to: convey
somn messages to the spiritual world or by ita light to conserve the
welk-being of the people. 1t is lighted during thunderstorms to ward
off lightning, it keeps off sickuess from man and animals, its boums
drive away evil spirits, thieves, and other dangers. Tt serves na
simple means of relieving the mind of harmful stresses.

In China white candles are used in worship by gamblers in gam-
bling houses, while red candles nre roquired in religious ceremaonies. ®

In Cambodia little wax candles are employed in ancesteal worship
bofore the sliars. In Indis candles sre used in Buddhist worsbip,
and offerings of monoy are sometimes stuck in eandles and pluoed
before the ultars. A curious instance of light magic comes from
Greece, where s candle in o pumpkin Jantern was let down on the ses
by Greek muriners to dispel fog. @

“ Thomes eown.  Hydriotmbiln, Werts, London, 1992, p. @1,
¥ Enfiemrllon by DF. Cyrow Adr,

W The Dutleak, Mew Yirk, wol. 78 Mer. 14, 10, p. 951
WOworg Bbwre. Ampyplen, Now Yook, 1390,

® latormution by Siewart Cilin

" Pemy Magsion, 1352, p 53
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Thomas Eubank deseribes the Brazilian Catholio nites of cansecrat~
ing water and the use of holy water in the conseeration of firo at
Enster. *“The ecirio, or “Grest Paschal Candle,' s very largs and
elaborately omnmented one, is the principal objeet in this ceremaony,
* = & Thscuslom is to have three trinne candles, mhmutmg
of three tapers longitudinally united, to represent the unity of the
Godhead in o trinity of persons. One s placed near tho entrance,
another helfwoy to, nnd the third at the alter. They sre lit, snd
all others carefully extingwished. . The priest takes the eirio wnd with
the usual ceremonies baptizes it at the font. He drops chrism and
baplismal oil from vials on the water; breathes three times over it,
not ercsswise now, hut ns if forming with his lireath tha lettor Y.
He dips the lower end of the eirio o little in, raises it, snd plunges-it
farther down, & third time, and it resches the bottom ol the fent,
Ench movement is sceompanisd with similar expressions to those
used in sanclifying the water. It is now lit at one of the triune
tapers and placed by the side of the high slter, when the other lights
sre kindlad at its flame.”’ _

The Hopi Indians ineluds light as o component of their noquapd,
or ceremonial medicine, which is » liquid. This is dono by reflecting
the light of the sun from the facot of » quurts erystal into the bowl
containing the liquid.

Liwrs TED Of CULT

Dr, I M. Casanowica describes o lamp in the National Museum
used by the German Jews in their houses. It was lit on the éve of
the Sabbath. The specimen was made in the eightesnth century at
Fellheim, Germany. The lighting of & lamp is the sign of the com-
mencement of the Sabbath. Lighls are neither lit nor put out on
that day. In describing the function of & silver spice box manufac-
tured in Lampheim, Germany, about 1740, he says:

“This bex, filled with spiees, is used in Lthe Jewish service known
88 Habdalah (or separation), the servico of the conclusion of the Sab-
bath. There is o tradition that it the beginning of the Sabbath o
apecial angel npevompanies the worshipper from the synagogue; this
angel remains with him until the conclusion of the Sablhsth. The
depurture of the angel leaves the man faint, und the l'pm!':l are in-
tended to restore him. The objects used in this service are s cup
of wine, the spice box, and s candle, Firsta blessing is said over the
wine, next over the spices, nnd Inst over the light., Thecandle is
then extinguished by having wine powrsd upon it,"

Of especial interest is the cult lnmp ealled Aanuka used at the
Jewish feast of Hanuka or dedicstion, Dootor Cusanowiez BAYS
that: “The feast of dedication is held in remembrance of the rededi-
ention of the templs of Jerusalem after its defilement by Antiochus

llhp-ﬁnnﬂlﬂtrlllpﬂnwlhﬂm 1B, p. T,
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Epiplunes, 160 B. C. Josephus records that it wes a feast of lights,
Tt is colebrated cight days. On the first night ono light i lit,
on the second two, ete. The lamp is probably of Duteh make and
exhibits an interesting survival of the ancient Roman lamp. 1"

The vsual havks lamp has spoon-shaped oil containers, vight in
mumber, in & row, and one isoluted lamp above called shammas, or
servant, from which the other wicks nre lighted. This arrangement
is variable, but the hanuks i quite varisd ws to art, country,
and period.  The form with oil lsmps is nol sncient, the Russian
hamika with eandles being more in aceord with the methods of light-
ing in Biblical times. The relation of the hanukn in ceremony with
the anvient widely disseminated fesst of lights s mentioned by
Josephus.

Jhe Hindu lamps with multiple lights may point to relationship
if not origin in respoct to the hanuka. A figure of a god from India,
figured in the Now York Herald, April 2, 1005, bears 43 spoot-
shaped lamps placed on various parts of the body, and, ss remarked,
there are many examples of multipla lights among Hindu sacred
lnmps.

TEAEY OF LiaTTs

Celebrations in which light is a prominent featuro are without
number, At first rudimentary, they oceur in every phase of man's
culture. The idea of light as well as fire appears to be inherent in
the primitive bonfires. The stimulus to joy in firelight has s profound
basis in human nature,

Coneerning fessts of lights, Pere Lafitau says: * Since most of tha
feasts of the savages were celebrated during the night and those who
engage in them went through the villages and into the cabin carrying
firebrands in their hands or torches of birch bark, I have some iden
that this may have been the origin of the lymphatic races, which
were made in honor of Bacchus, Pan, Ceres, of Vuloan, Prometheus,
Minerva, ete., and which wero eallod the feast of torches or of lsmps,
of which we have found many vestiges in the ancient monumaenta
and in the authors that have spoken of it under différent names who
place their origin so far back that they attribute them to the gods
themselves or perhaps to primitive man, The most celpbirated of
theso foants was the Panathenees st Athens, in honor of Minerva; the
Lupercalin st Rom¢, in honor of Pan; snd the feast of limps in
Egypt, in memory of Tais, 1 do not doubt thst the fenst of lanterns
18 held with such pomp among the Chinese and of which we have so
good a description in the Memoires of Pero du Comte.”’®

The Japansso festival of the dead, “feust of lanterns,” called Bom-
matsuri or Bonku, 18 held from the 13th to the 15th of July. Many

™ Mivesrs, vol, 1, Parts, ITI, 1. M0-0T0
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places hold two such festivals. ‘At sunset pine torches, fixed in the
grouml before each howse, are kindled to guide the spirit visitors.
Sometimes, slso, an the first evening of the Bommatsuri, welcome
fires (mukaebi) are lighted along the shors of the sea or lake or river
by which the villsge or city s situated; neither more nor less than
108 fires, this number having some mystio signification in the phil-
osophy of Buddhism. And cherming lanterns ure suspended esch
night at the entrmoce of homes—thw lanterns of the festival of the
dead—lanterns of special forms and colors, benutifully pamted with
suggestions of landscspes and shapes of flowers, and nlways decorated
with a peculir fringe of paper stroamens.™

In Chins the festivities which eulminate in the fesst of lights begin
on the 13th of the first month, On that day is lung-hung-fus, or
procession of the grest dragon, Puaper drugen lanterns of great gizo
arp carried in the procession. On the 15th is feast of lantarns, which
consists of lighting up houses and every available thing with paper
lanterns.  This feast is interesting, ns it & u {orm of the coremany
found all pver the world and brings the question of the origin of eus-
toms by eontact or outgrowth very strikingly forward for consider-
ation. On the 15th day of first moon is held a feast of lamps in
Tibet. The lamps are lit, and by the way they bum, if the flame
burns clear and strong there will be a good sesson, and econtrariwise
if they burn dim.*

In India the feast called divali, the féast of lights, lasts three days,
gs in China and Japan. Previous to tlie [east people sssiduously
clean their houses in anticipation of the visit of & goddess who pona-
lizes those whose houses are untiy. On the day of her visit the
houses inside nnd vut are decorsted with fittle saucer lumps filled
with ofl and having cotton wicks. Firecrackers and other fireworks
nre shot off.  During the ceremony a particular kind of sonfoctioney
in nhls:][n of plephants, horses, monkeys, men, tomples, and so forth,
i sold.

' MLy OB TTFLYOLT Lty

On the 30th dsy of the seventh month the Chinese set litile lnmps
floating down the rivers. They have a heliel that on this night and
day the spirits of the dead are set free from thoir Tartarean limbos
nnd visil (heir old necustomed haunts, The lighte aro for their bune-
fit.  Food is ulso placed for them, The lamps see made of two eross
stioks s floaters, with a little cup of paper containing the gresse.
Compare this with the Fronch Jour des morts, All Souls Day. In

Tibet also on the 13th day of the fist moon lsmps are flonted down
the river for souls,®

® Latrails Memrs. Ontesilier Jupan, Sew York, 188, +il. 1, 5, 7L
s Liformaiion ty W, W, skl
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In Siam, a4 an expintion, & model of & Chinass junk, gaily printed
and with wax tapers; fruit, and flowaers, is lnunched sl dusk with
tapers lighted. The junk las elay figures of men as & crew and is
sent out during cholera epidemics™

The Malay women of Punjwan Sokmaviro, Borneo, prepare s lamp
made of hall & coconut shell filled with oil, with a cane wick, and
floak it down the river as n churm to keep their lmshandssafe while
Eﬂ“ cﬂﬂmﬁngu"

merrrvil s

The perpetuation of fire ns a fetish serving by ite continuanes to
keep unbroken the chain of benefits has been montioned. The ssme
phenomenon is observed in regard to light. Perpotunl lights dre
sometimes mere folk observances, but sre generally connected with
souila organization kept up over lang periods, ** Ever-burning Inmps,”
referred to by Shakespeare, wero maintuined in English chapels, and
the one in Townley Chapol is said to have been kept alight for
1,000 vears,

The dewish ner tamid, perpetunl light, Yamg in front of the ark
containing the sarolls of the lw in the synsgogue. It i thonght
that this wasz & fosting wick lamp. Altar lamps of the Catholie
church are of this class, and the idea of perpetuntion is nherent in
the function of this lump.

Connected with the perpetual lamp is n great body of myth and
peeudo soience reforring to lamps which wonld bum perpetually
without replmishment, Earnest seareli wes made by alehemists
and more modern chemists for such o desireable illuminsnt, Stories
were invented as to the finding of such Iamps in tombs, uttributing
to the ancients the command of this mysterious lamp fuel, In one
of the oldest historical works of Chins, by Ssu-ma-chien, the name
is Ssu-chi, mantion is made of candles which were miclo of the “man
fish" and putin the tomb of She Huang-ti of the Chin dynasty, nbout
200 A. D., in order that the candles might burn forever.®

MTIS OF THE GLASN oF LanT

Myths of this content are rare compured with the number of myths
of the origin of fire.
Among the Mohave Indians of Arizona the culture lero, Mas-
tatnbo, made light.®
One of the fundamental elements of the mythology of the Mewsn
Indians of California is the existence nt a great distance of & primor-
dial heat and light-giving substance indifferently callad five, sun, or
* Blmm and Tason, Freshytesinn Bomred, Philsdulpig, el p, s
 Carl fric.  Hasd [Hmbers of Bernmg, Lonton, 161, p, &,

= Infcemmation by W. W. TioexLill,
WAL Emeber Ths Mojyve Inlizne, Amer, Anibrsp., new me,, vol 4, 192 p, 555,
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marning, for in the early myths these were considered identical or at
leest interconvertible, ™ :

Tho Huida Indians of British Columbis also had & myth on the
origin of light.™

LAY cO0e

Light is one of the sttributes of many gods. It is penolrating, in-
tangible, shines far off, and is not harmful, but on the contrary benefi-
cpnt, 8o that its sttribution points fo a higher phuse of culture.

While in s sense fire godys ure slso light gods, it is difficult to select
from the innumerable spiritnal beings o light god. The Assyrian
god Ao or Bin scems to be of this order. He is regarded as the
divine light, the intelligince penetrating, directing, and vivifying
the universe. One form of Ao represents him as god of the atmos-
phere or firmament. In this Ao relates to Indra, the Hihdu
god of the atmosphere.

The closing clinpter appedrs Lo require only the final word to com-
plete the record of the phass of freo energy which extends from the
beginning 2o far as man is concerned to now., To draw forth frie-
tional heat sufficiant to ignite his wood dust savage man put forth all
the physical strength he possessed; to unlock the new energy enlight-
emod man must atteck the stom with voltage of millions, grinding it
out by supeririction foreshadowed by the savage. Thus the old will
pass and hecome & matter of curious interest to the philosophie mind

™ (2 Hart Magriam.  The Dawn of the Workl, Clevelund, 1010, p. I8,
M Geolagienl Burver of Causde,  Progres Rege,, 1853, b 18],
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