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PYROTECHNY

by George W. Weingart

A PRACTICAL MANUAL FOR MANUFACTURERS
OF FIREWORKS, SIGNALS FLARES AND

PYROTECHNIC DISPLAYS

INDEX Page 252

"The Maon with Hat in Hond
gete samily over the land." So resd the
motto on the family crest of George V.
Welngart's matermal ancestors of Nuremburg,
Germany, whose pame, HSflich, signified po-
litenass and courtesy, His father's ante-
cedents came from Welngarten, Bawaria,
vhose residents were nearly all artists,
authors, or musiciana., Borpm in Pags
Christisn, Miss. oo July 14, 1871, Gearge
combined these inherited traits to became
not ooly an accomplished musician, chemist,
apd pyrotechoist, but ip later life the au-
thor of the most famous Mmerican book of the
century oo the maoufacture of firevorks.
Kthough a talented viclinist and cellist

a8 & young map, his interest in pyrotechaics
led him to study organic chemistry apd to
seek vork at the A.L. Due fireworks factory ip Cincipmati, wvhare he lsarped
the trade, later setting up his own shop in New Orleanms. He contipned make-
ing fireworks and handlipng public displaye till the death of his father,
vher he gave up the business to mammge the family toy stare on Clartres
St., but cootimed as official "torch lighter®™ for the Mardi Gras parades
until twvo years before his death at the age of 77, during which time he
vrote his famous book FYROTECHNICS, published in 1947, often called "the

Bible of Modern Fyrotechnics®™. With the passing of Ceorge Washington Wein-
gart 1l in New Crleans, Sept. 28, 168, merica lost one of its foremocet
authorities in the field, bot his book remains as = lastisgy mopmment to
*the Map with his Fat in his Fand®,

INTRODUCTION

To those contemplating the making of fireworks, either
professionally or as an amusement it is desirable to under-
#tand the pnnciples which govern the operations of the
vanious devices as well as the compositions of the chemi-
cals entering into their production.

The principle of colored lights is based on:

I®t. Producing a mixture that will bum at a
reasonable speed while generating an intense heat,
2nd. Adding thereto the salts of such elements,

in the specdtrum of which, predominate lines of the de-
sired colors.

Geoarge Washington Weingart

Heat generating compounds consist chiefly of:

(a). Substances which yield oxygen freely when
ignited in the presence of carbon, viz:

Potassium chlorate,
Potassium per-chlorete,
Potassium nitrate,
Sodium chlorate,
Barium nitrate,
Strontium nitrate.
(b). Carbon and carbonaceous sources, viz:
Charcoal,
Shellac,

Fossil guma,
Resins,
Asphaltum,

Dextrine,
Steanne,
Sugar of milk,

Corn flour etc,
In addition to the above there are some subftances

which when added to colored fire compositions increase
the afhnity of the several condtituents for one another
thereby improving the colors, viz:

Sulphur

Picric aeid
and in the inftance of blue and green fires it is almo#t
essential to add an easily volatilized chlonde in order to
get sufficient depth of color.
viz: Calomel
Sal Ammoniac.

The exact function of these laft named subftances
is not entirely clear but it appears that the beft spectrums
are yielded by the chlonides of the elements. However
mo#t chlorides are deliquescent and therefore unsuited
to fireworks making. By adding a subdtance that yields
chlorine freely at the moment of decomposition the

necessary conditions are produced for obtaining the best
results.

The following substances are mos#t generally used
for producing pyrotechnical colors.

PURPLE
Strontium and Copper compounds.

ORANGE

Strontium and Sodium salts.
Bright or “Plain” Mixings
Consift almoét entirely of:
Saltpeter,
rarely Lead nitrate,
Sulphur,
Charcoal or lampblack.
with the addition of
Steel flings,
Iron borings,
Zinc powder,
Antimony,
Orpiment,
Realgar.

PINK

Calcium carbonate,
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Calcium sulphate,
Calcium oxalate.

GREEN
Barium natrate,
Barium chlorate,
Borne acid,
and rarely Thalium nitrate.
RED
Strontum nitrate,
Sgrontium carbonate,
and rarely Lithoum salts.

BLUE
Copper carbonate,
Copper arsenate,
Copper sulphate,
Copper black oxid,
Copper & Ammonium sulphate,
Copper oxalate,

Copper & Ammonium chlonde.

YELLOW
Sodium oxalate,
Sodium bicarbonate,
Sodium metantimoniate.
The intensly bright white sparks are produced by
aluminum powder. At one time Magnesium was used
for this purpose but it has been entirely discontinued
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PART L
INGREDIENTS

SALTPETER

(Nitre—Potassium nitrate)
Specifications for salipeter to be used in fAreworks
making call for a salt that is clean, white and should
be ground fine enough to pass through a sieve of B0
to |00 mesh. [t should contain less than |% of sodium,
calcium and magnesium salts combined.
POTASSIUM CHLORATE

For pyrotechnical
it should be white, odorless and contain not
over ¥ of 1% of sodium, calcium and bromine combined.
It should be of the sams finences as saltpeter.

ﬁ

SPECIAL WARNING

Never mix dry potassium chiorate with red
phosphorus, black anlimony sulphide or
sulphur. The mixture will detonate sponilane-
ously with a shattering blast. Always moisten
the potassium chiorate with water belors
mixing it with the above chemicals or anything
oise, just to be safe.

PYRCTECHNY

POTASSIUM PERCHLORATE.

K Cl 0O,

This recently produced substance forms another val-
uable addition to the pyrotechnifts art. Containing even
more oxygen than the chlorate it is less liable to de-
composition due to the fact that it is a salt of perchloric
acid which is & much more ftable acid than chloric from
which the chlorate ia derived. [t can be subdtituted for
the chlorste in moft mizings and can be safely used in
connection with sulphur.

SULPHUR.

The “Aour of sulphur” which is used v
almo#t white and comes in bage of 50 lbs. “Flowen™
of sulphur is also sometimes used as well as coarsely
ground sulphur which bums somewhat slower than the
firdt two varigfies. Specifications call for less than 1/10
of 1% of impurities and the finely ground should pass
through a sieve of 120 mesh.

CHARCOAL.

Willow coal is the bedt for fireworks purposes through
coal made from any soft wood is suitable Pine cocal
is not very desirable. Charccal
that has & brown tint indicates incomplete carbonization
and should be avoided Also it should contain & minimum
of grit. Shaking s sample im a bottle of water and de-

canting several times will disclose an excessive amount

of sand etc
LAMPBLACK.

Toe make a good bright ftar it should be free
from oil or other impurities and it is sometimes necessary
to bake it as will be explained later, in order to get nd
of volatile impurities which impair its briliancy in burn-

i SHELLAC
and other gums etc.

Shellac, a gum like submance, is the secretion ol an
insect living on a large variety of trees in northern India.
After going through various processes it finally reaches
this country in some dozen different grades.

For the befl work
shellac is almo#t indispensable but for ftock goods, tableau
fires and torches a number of subdtitute gums have been
introduced such as Kauri; a fossil resin of a light yellow
to & dark brown color. obtained from New Zeland Red
Cum comes from the Kangaroo lslands, 5 miles from
Australia. K. D. duft is used for green fire. Asphalium
produces excellent colors when finely ground but owing
to its containing sulphur, or perhaps on account of be
ing so easily decomposed it is liable to cause spontaneous
combuftion when mized with potassium chlorate. A mix-
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ture of these will explode wviolently when #truck with a
hammer on an anvil. With potassium perchlorate, how-
ever, it is entirely safe The Syrian Asphaltum is the
beft. So called Green Gum is merely powdered coconut
shells and has no more value in pyrotechny than saw-
dust. Flour, dextrine, sugar of milk etc are also frequenty
used as sources of carbon. Another arnicle of this
characler is
STEARINE.

In making blue fire it has been found that stcanne
produces a better effe, especially with paris green and
other copper salts, than mo#t any of the other hydro-
carbons. It is modtly cbtained in cakes and is reduced
to a ‘servicable condition by setting a carpenter's plane
upsidedown over a box and shoving the cakes againdt
the blade 1o as to shave the Mearine as fine as possible.
When it is then mixed with the other ingredients it will
pass through an ordinary sieve.

STRONTIUM NITRATE.

It is probably the mo#t useful color producing
chemical used in freworks making, as the deep red light
which it gives ia the moft marked effec which the pyro-
technift has achieved. Owing to its deliquescent properties,
however. a number of methods have been devised to
overcome this tendency one of which is to melt in an
iron pol over a fire some shellac and ftir in the nitrate
of Mrontia. cooling and pulverizing. Another plan is to
use carbonate of ftronta but at the cot of consderable
depth of color. Strontium nmitrste is used in a somewhat
coarser powder than the potassium salts but should be
a clean white and contain not over 1/3 of 1'% moifture
and ¥ of 1% sodium salts

STRONTIUM CARBONATE

In damp climates there is no alternative but to use
this #trontium compound for moft exhibition work as a
piece of lancework made with nitrate of @vontium, if
exposed for one hour to a damp atmosphers, will hardly

burn. Precipitated carbonate of #trontium is the only

kind which should be used and may be purchased for
about 16c |b. or can be emsily made by adding carbonate

of ammonia to a solution of firantium nitrate, thoroughly
washing and drying the precipitate. If sodium carbonate
is used as a precipitant it is almodt impossible to remove
every trace of it from the carbonate of #romtium and
causing an orange tint to the red light

BARIUM NITRATE

All:nhtpm-
ducer it is far inferior to @rontium though it does not
attract moidture Eua-dwilhnut:ﬂnmallht.ulw
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for trontium nitrate. A better salt for making green fire s

BARIUM CHLORATE

This salt give a very beautiful emerald color but its
high coft, viz: about 30c |b. makes it little used except
m exhibibon work. Some recipies have been given for
green fre using bomacic acid, thalium salts etc. but if
used at all it is to & very lmited extent. All barium
salts are very poisonous.

SODIUM OXALATE

It is a @trange fa® that while yellow is the mos
common color of fires in general its ] ion
in pyrotechny is accompanied with some difficulty from
the fact that there is prachically only one insoluble salt
of yodium while all the others are more or less hygroscopic.
The nitrate and bicarbonate give deep yellow lights but
the leaft dampness will render them incombustible and
even the oxalate, will in damp weather, attrat moifture.
The exception is Sodium met-antimoniate but as this salt
cofts $4.00 [b. and at best gives a pale color, it is not
much used. Onxalate of soda about 20c |b. or can
be easily made by adding bicarbonate of soda to a hot
concentrated solution of oxalic acid. A copius precipitate
falls which however cannot be washed but mu#t be dred
on a Rlter. An excess of oxalic acid should be main-
tained in this operation.

COPPER ARSENITE
(Paris green)

This article is made in New York #tate and elsewhere
in this country and can be bought for from 10c o 15¢c
b. from in painters supplies. It can also be casily

dealers

by adding a solution of bluedtone to one of arsenius

md.w-hu and drying the resultant bulky precipitate.
uui making blue fire. The kind used for green

punt is entirely satisfactory for Greworks making.

COPPER, Black Sulphide

This compound is valuable in the production of blue and
purple fires when used in conjunction with calomel. It is im-
portant to note in this connection that the product made by
fusion only, is of value in pyrotechny. The precipitated black
sulphide is useless. As it is sometimes quite difficult to obtain
the sbove product while it is very easy to make, the fallowing
method is advised.

Procure some thin sheets of scrap copper and cut them into
pieces about | inch square. Take s large clay crucible and
pack it with alternate layers of the copper scraps and ground
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mlphurwﬁ:hmmmchnrmdrhcmp.ﬂwcrud;hu
in & bright red fire for about an hour. When removed and
cooled the contents may be shaken out and ground or pulver-
med for use, screening through a 60 to B0 mesh sieve. Exact
proportions of sulphur and copper are not necessary as the
excess of copper burns off in fusing.

COPPER, Black Oxide

Thihudﬁmihﬂynth:nl:m:uﬂithmeuﬂr
ubuind.ThchudhmmhundntheMliht
precipitated oxide is useless in Ereworks making.

COPPER CARBONATE

This subdtance is alsc wsed for making blue fires
but better affects are obtained by the use of other copper
compounds, with less trouble. The native carbonate is
almodt useless for Freworks purposes but the precipitated
is easily obtained from dealers in pyrotechnical chemicals
or can be made by adding carbonate of ammonia to a solu-
tion of blueone. Chertiers Copper is made by carefully
sdding aqua ammonia to a solution of blue-@tone, evap-
orating and chrydalising. Black sulphuret of copper, black
oxide of copper and various other copper compounds are
occavionally used The author has obtained the bedt results

with cepper ammonium chloride, and calomel is unneces-
sary with this salt

COPPER SULPHATE

For mo#t purposes where a good blue was required
for exhibition purposes the older pyrotechnidts used this
salt but owing to its being a sulphate great care mun
be used in mixing it with chlorate of potash and a separate
sicve should be used for mixtures of these sub&ances,
which should not be employed in any other work. It cofts
usually 10¢ to 15¢ Ib. Mixtures containing it mudt not
be ftored but used promptly after making. Exposure to
moift air oxidizes this and releases sulphuric acid. This
can be obviated by using potassium perchlorate but the

resulting mixtures are much more difficult to ignite im
the form of #ars etc.

ANTIMONY
Metalic or Reglus antimony, when finely powdered
in an ron mortar is used in making white fire.
ANTIMONY SULPHURET.

(black)
If 70% pure it is @ill servicable for pyrotechni-
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cal purposes and is wsed for making white fire, maroons
and smoke effects. Red and orange sulphurets are alse

sometimes used. The compounds are poisonous.

RED ARSENIC, (REALGAR)
As S,
ORPIMENT
As S,

They are useful in mak-
ing white dtars, especially as these take Ffre far more
easily than those made from antimony. Arsenic compounds
are also used for making yellow smoke in day fireworks.

ALUMINUM.

When, about 50 years ago, it was found that a #tar
of unusual briliancy could be produced by the use of
magnesium this metal suddenly came into considerable
demand in spite of its then co&t of $75.00 Ib. About
the time that ita price was reduced to $5.00 |b. it was
found that aluminum was in every way better and cost
little more than $1.00 Ib. in fine powder. It can now

be gotten from moft paint dealers, in | Ib. cans or papen
at 60c |b. Aluminum powder should be 95% pure. It.

may contain 2% fatty meterial and 1% silicon. The fine
should pass through a 100 mesh sieve and the fAake,
through a 50 mesh sieve

CALOMEL.

This is used to deepen the coler of fires when they
are not sufficiently deep without its we [t has been
found that the chlorides of metals give the be spectrum
but chlorides are mot usually practical for Areworks mak-
ing so the addition of an easily decomposed chloride to
hreworks compositions is to produce a chloride at the
moment of combustion, thereby acquiring the desired result.
Finely divided metals also take fire spontanously in chle-
rine gas and the great heat thereby produced probally
causes the increased depth of color.

AMMONIUM CHLORIDE.
Sal Ammoniac.

This is sometimes used as a subdtitute for calomel
but its affinity for moidture serjiously interferes with its
general use. The cryftalized salt is almost useless.

DEXTRINE.

In all the old works on pyrotechny, either & solution
of shellac in alcohol or gum arabic in water is used to
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bind compositions for making ftars and cther similar pur-
poses, but at present, in most cases the necessary amount
of dextrine 13 added at once to the mixture and then
nothing but water is needed to form it into the desired
objects. Dextrine also improves the color of some fires
and it may be advantageously, used in place of glue for
light work. Potato dextrine usually comes in sacks of
about 200# and cofts from 2%c to 5¢ |b. When used
for gumming rocket sticks, tabs etc. it is simply mixed
with water to the desired consiftency. The light brown
#152 is most suitable for pyrotechny.

GLUE.

Several forms of glue are used in freworks making.
For attaching lances to frame work a good gmade of
carriage glue is beft. For a ing mine bottoms stc. to
the cases cheap carpenters glue will suffice. For placing
shell fuses and securing the ends of cannom crackers,
good bquid glue is mo#t convienent.

GUM ARABIC.

In powdered form this is used in some fMlar composi-
tions, especially for making Japanese Stars. It is also used
in “Son of a Gun” composition.

STEEL FILINGS.
Cast iron borings etc.

A beautiful scinhlating efect is produced with #teel
flings used in various ways. The Japanese make a little
tube of twisted paper, at one end of which is a com-
position which when lighted produces a glowing bead
of molten flux. The balance of the tube contains steel
flings, which when reached by the fused bead. burét in-
to feather like flashes. In other countries fteel Rlings ae
added to gerbs, fountains and driving cases with result-
ing bLrilliancy. A beautiful waterfall effect is produced by
charging from 50 to 200 cases 2 inches in diameter and
12 inches long with a composition containing ca#t iron
borings. These are faflened to scantlings at intervals of
about |5 inches, each scantling holding about 16 gerbs.
These are matched and hoited to a wire cable some
50 feet above the ground. When burned the efect is
moMt realidtic as the arc of the suspended wire gives
just the right curve to cause the appearance of perspee-
tive while the roar of the burning gerbe is also char-
acteristic of Niagara Falls as the fire from the iron bor-
ings drope to the ground

The best #teel flings for gerbs is known as "needle
fteel”. This resembles broken sewing needles but is really
a by-produ@ of some tumning or planing operation. The
#teel hlings rom saw filing shops are quite good provid-
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ed they are the result of hand fling and not the particles
thrown off by emery wheels, which are useless for pyro-
technical purposes. When fteel flings are added to geb
compositions, the saltpeter quickly attacks them, frequently
causing the gerb to become quite hot The fteel is rufted
and this adtion practically deftroys its usefulness. To
prevent this the fteel muMt be coated in some way that
the saltpeter cannot attack it which may be accomplished

as follows:

In an mgateware saucepan place a piece of parmafhin
and carefully melt it, heating as much as possible with-
out permitting it to smoke. To this add clean steel Al
ings, as much as the paraffin will thoroughly coat. There
should be no surplus of parafin but jut enough to com-
pletely cover each fling. Shake the pan and #tir frequent-
ly while cooling to prevent the filings from caking. Steel
hlings are also used for Mars in rockets and shelle

CLAY.

This is used for closing the ends of moRt cases us
well as choking them when they are not crimped Mo#
any kind of clay will do. It muft be thoroughly dried.
pulverized and sifted Before using, it may be alightly
dampened.

GUN POWDER.

This is used in all grades from Dupont FFF Rifle
to the coarse grains as large as cracked comn, for shells.
A slow burning powder is preferable for a driving charge
as it reduces the liability of shells burfting in the mortar

MEAL POWDER.

This article is used comsiderably in display work for
gerhs ete. and in shells and rockets as a blowing charge.
It is generally supplied in 25 |b. wooden kege but is
sometimes difficult to obtain. In that case some pyro-
technifts make a fairly good article themselves, as follows:

Mount a 50 gallon wood bamel on two uprights so
that it will revolve freely on centers faftened to the Lieads.
On one center attach a crank and cut a hole (closed
by a suitable plug) into side of barrel for putting in and
removing the necessary ingredients. Place in the barrel
300 to 500 lead balls about one inch in diameter. When
it in desired to make meal powder put into the barrel
a thoroughly mixed composition as follows:

Saltpeter, double refined 15 Iba.
Willow charcoal 3 -
Sulphur flour -

The bamnrel is now revolved for about 500 turns. The
longer it is turmmed, the fironger the powder will become
Greut core mu#t be exércised to sec that no foreign mat-
ter such os ngils, gravel etc. find their way inlo the
bairel as this mught result in an explosion.
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New Ingredients.

Some years ago powdered magnesium was added to
the ingredients usced in pyrotcchny and very fne bright
eflects were produced with it Juit when its high price
and its affinity for oxygen, causing it to decompose the
chemicals with which it was mixed, made pyrotechnifts
look at it askance aluminum came on the scene. Add-
ed to ftars and torches it greatly increases their brilliancy
and beauty. Exquisite water fall efects are produced
with it as well as comets, tailed ftara and intensly bright
flares. Large quantities of finely divided aluminum (pyro
aluminum) are used in the new “flash crackens” and the
same composition is used in maroon shells. Besides
increasing the report it gives a ftartlingly bright Aash to
the explosion. Being unaffected by water it is likewise
much safer than magnesium but care should be used
in handling it because ns, before mentioned all finely
divided metals are liable to explosion when in contac
with oxygen producing chemicals. Rubbing into it a small
amount of vaseline seems to reduce the danger of accident

Picric acid is another valuable ingredient in freworks
making. When added in small quantities to colors it
deepens them and increase their brilliancy without mak-
ing them burn much fafter. Also beautiful coloms can
be produced with it, almost free from smoke. But it
muft always be kept in mind that picric acid (tri-nitro-
phenol) is a frft cousin to T N T the tremendous ex-
plosive force of which is only too well known. For this
reason it cannot be used in shells as #tars made with
it will detonate when confined, inftead of burning. An-
other effecd for which large quantities of picric acid were
used until some years ago when a fatal accident cccured
in a factory employed almost exclusively in making them
are the amusing “whisiling freworks”. Picrate of potash
has the peculiar property of emiting a shrill whidtling
sound when rammed tightly and bumed in & small tube.
If made in small quantities and carefully handled it seems
10 be reasonably safe but the result of a barrel of it
accidently detonated can be readily imagined.

Sull another substance producing a mo#t beautiful
effect when fred from specially prepared rockets, as will
be explained later in detail, is phosphorus. It is with
this that the so called "liquid fire rockets” are made and
a more beautiful display than these does not exift. They
consit of an intensly yellow flame melting as it falls
through the air, breaking into myriads of incandescent
particles with a heavy background of white smoke.
Obviously, the greatest care must be exercised in its use
as phosphorus burns, even when very small are mo#t

painful, but when properdy handled it is no more danger-
ous than many other articles.

Considerable quantities of phosphorus are alse used

‘.-.-.-I-

o
O

PYROTECHNY

in the manufacture of the article varicusly known as
“spit devil” “son of a gun”, “devil on the walk" etc
but deaths of children by poisoning en account of mis-
taking these tablet looking contrivances for candy and
eating them has caused their reflriction in some flates.

Amorphous phosphorus is the base of moft of the
toy torpedoes in use. Fulminate of silver was used al
moft exclusively for this purpose 40 years ago but only
s small amount is used now owing to its very sensitive

nature. However, its method of use and preparation will
be given later as a matter of record

Zinc powder is used to some extent for making
what i known as Eleé@ric Spreader Stars. These produce
an original cffe@, breaking up while buming inte many
small bluish-green particles. These, being propelled with
considerable force give the appearance of electrical dis-
charges, hence the name. On account of the explosive
nature of zine dust the making of this ftar muft be done
with caution and reserve, until it is well underftood.

An eflect that is always beautiful, is ecasily produced,
is perfectly safe under all citcum#ances and is susceptible
of an infinite variety of uses is the Japanese or lamp-
black star, The well known Willow Tree rockets and
shells are made with it and it may be used as garniture
for colored rockets, mines ete. An unusual fullness is

given to any article to which a small quantity of Jap.
ftar is added

PART IL

MANIPULATIONS

The handling of explosives, naturally, is never en-
tirely free of damger. No more so is eledricity, gasoline
and many other things in daily use yet many persons
have devoted long lives to the making of freworks with-
out having an accident. Even with the greateft care,
however, accidents will occur to both those employed
in making freworks as well as those burning them. It
is here endeavored to point out the mo#t fruitful sources
of accident though obviously it is impossible to foresee
every inftance in which some carelessness or unknown
factor may bring on disafter.

Firt, always keep separate places, a considerable
diftance apart to be used for making socalled “plain
mixings. as rockets, romancandle and gerb composition
containing sulphur, and the colored mixings containing
chlorate of potash. Separate smieves and utensils of every
description muft be employed and those working in the
“plain” setions of the fadory muft not go into the rooms
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of those in the “colored” sections.

Second, keep in mind that very slight fi@ion will
sometimes #tart the bumning of mixtures of finely divided
chemicals. Star composition has been known to explode
while being sifted, by scratching the brass wire sieve
bottom with the finger nail while rockets have taken
fire from the brass solid rammer friking the top of the
spindle while ramming.

Third, finely divided metals, when in contact with
chlorate of potassium sometimes take fire suddenly. While
fortunately this is seldom the case it muft not be lodt
sight of. Ewven s#teel Alings end iron borings frequenty
become quite warm when mixed with saltpeter etc. and
rammed into gerbs, Fire is said to have occured from
this action. The prevention of this has been explained
under “Steel Filings™.

Employes in the mixing and ramming rooms of fac-
tories should be required to wear rubber shoes while at
work and a conftant source of danger is the camrying
of matches. This cannct even be controlled by requir-
ing the employes to change their clothes in the factory
before going to work and having them wear garments
without pockets as they will sometimes alip out for a
smoke during reft hours and have matches secreted some-
where about their persons.

Small buildings should be supplied, about 12 feet
equare and not less than 50 feet apart for all those en-

geged in mixing and ramming operations as well as for
those making #tars and as much as possible have one

person to a room. Doors should be placed at both ends
of work rooms and should always open to the outside
with no fastenings on the inner side but held closed, if
desired. by spring hinges. Fire buckets, inspeced daily
should be on each building, supplemented by fire hose
convienently placed for emergency.

The mo#t successful method of reducing the linbility
of serious nccidents to a minimum is to keep at all times
the leaft possible amount of compositon on hand in the
work rooms and to remove to ftorage or finishing rooms
all rammed articles ss quickly as they accumulate

Long experience has shown the following lift of mix-

tures used in pyrotechny to exhibit the characeridtics
following each and are to be handled accordingly.

SALTPETER., SULPHUR, CHARCOAL and LAMP-
BLACK seem to be the safeit combinations with which
we have to deal, accidents with these accur only when

a spark has been #truck in some manner and brought
in conta@® with mixtures of them.

BARIUM NITRATE with sulphur, saltpeter and alumi-
num are not reported to have caused any accidents.

BARIUM and STRONTIUM NITRATES, ALUMI-
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NUM and similar subftances in combinaton with POTAS-
SIUM PER.CHLORATE have been found to be among
the safe mixtures even when mixed with sulphur and gums.

Barium nitrate and Strontium nitrate when in combi-
nation with potassium chlorate and shellac or other gums
form & sensitive mixture and this condition is largely in-
creased when powdered charcoal is added. Caze in there-
fore urged to avoid all unneccessary fridion when handl-

BARIUM CHLORATE yields its oxygen quite readily
so it is to be handled with great care in compounds
containing shellac and other hydrocarbons.

ALUMINUM powder in mixtures with potassium chlo-
rate, barium nitrate antl shellac or other carbon sources
are classed as “hazardous™.

Mixtures of potassium chlorate with sulphur, sulphates
or sulphides are to be avoidad at all times. Chlorates
should never be mixed with ammonium salts as this
combination is said to be lable to spontaneous com-
bustion.

Potassium bi-chromate and permanganate are to be
handled with care, especially in combination with finely
divided metals.

Mixtwes of picric acid and chlomtes are too semsi-
tive for ordinary use.

Compousitions of potassium chlorate and phoephorus
muft never be mixed except under water., Phosphorus
alone muft never be removed from water for more than

a few moments at a time, and then handled s0 as to
avoid all frichon.

FULMINATES of MERCURY and SILVER should
only be handled by sxperts.

When care is urged in the foregoing combinations it
does not refer to small amounts used by a person of
ordinary judgement but more specifically to amounts of

I0 to 100 pounds when thoughtlessly handled as so
much sand or cement

When experimenting with new subdftances use the
smallest possible amounts of the component chemicals
until the entire safety of the mixture is assured Before
using considerable quantities of new mixtures they should
be subjedted to exhauftive tedls as frichon, percussion,
detonation and moifture with subsequent drying. Also
their flash point should if possible be ascertained with
suitable apparatus for this purpose.
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MIXING.
WARNING

READ THIS!

It is not sufficient for the pyrotechnist to know what mix-
rures of various substances will produce the effect which he
desires; he should also understand the reason why thesz effacts
accrue. For instance, he may know that a mixture of saltpeter,
sulchur and charcoal will explode when a lighted match is
brought in conract with it, but he should also know why i
explodes.

Broadly speaking practically all pyrotechnic compeositions
owe their action to chemical decomposition. This may occur
under four different conditions; namely rotting, burning, ex-
plosion and detonation. The sscond and third of these are
made use of most frequently by the pyrotechnist. The last,
with a few exceprions, he tries to avoid while the first is of no
value to him,

Rotting is a slow process, usually produced by fungus and
bacteria gided by moisture and slight heat.

Burning proceeds very much faster and one of the objects
of the pyrotechnist 15 to control its speed.

Explosion is due to a violent combinartion of the chemical
elements which combine easily with one another and is ususally
brought ebout by the application of heat. Heat may arise from
fire, friction or spontaneous combuston.

Detonation is an instantaneous decomposition of the sub-
stances involved, in which their component elements change
place with the utmost viclence. This property is made use of
in blasting with dynamite, etc. where the greatest possible
energy 5 desired from the substances involved. It is brought
about mostly by the use of fulminates which detonate when
ignited. Dynamite, when lighted simply bums but when a
small amount of fulminate is detonated in its midst the action
is communicated to the dynamite and the resultant violent
action is produced.

Chemical action resuls from the attraction of different
elements for one another. For instance: if one part by weight
of oxygen end 2 parts of hydrogen are mixed at ordinary tem-
peratures nothing occurs; but if a spark or other source of
energy as sunlight is allowed in their midst the reaction pro-
ceeds to a point where the mixed gases combine with a violent
explosion and water is produced. This principle applies
throughour to practically all pyrotechnical mixtures.

Explosive Hazards

This is the “headache™ of the pyrotechnist. The elements
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of some chemicals are so loosely combined that they fly apart
at times without the direct application of heat. One such is
potassium chlorate, one of the most useful Greworks chemicals.
This is due to the fact that its acid component, vix chloric
acid, is an unstable compound and very easily dissociated.
Consequently only a slight rise in temperature is sometimes
sufficient to bring about an explosion. In the presence of sul-
phur, sulphides, sulphates, etc., which through oxidation some-
times produce minute quantities of sulphuric acid, this ten-
dency is very strong. Consequently, compositions containing
these substances must be strictly avoided.

Finely divided metals combine with oxygen easily and
sometimes react sufficiently at ordinary temperatures to cause
fire. Aluminum and zinc are instances of this danger.

STRICKING FIRE is another cause of danger against which
the pyrotechnist must be on constant guard. This is usually due
to steel tools being struck together in presence of easily ignited

compounds. Sometimes, brass tools and even wooden parts
produce enough friction to cause fire.

mmnwnﬁminﬁrlwn*lmﬁn'lndlm
say the mod#t important is mixing. Chemicals are so well
md-nwnﬁmhcnﬂﬂyohﬁndi.m
ed ftate lh-llll_ll‘ﬁﬁlﬂ ﬂhw{fﬁ“m“
are unnecessary. All chemicals should, of coarse be ob-
tained of the be®t quality procurable at a reasonable price
and as finely powdered (as a general thing) as possible
but chemically pure drugs are not necessary.

For mixing on a small scale, round brass wire sieves
are the bet. For lances and the more particular work
#21 to #26 mesh may be used while for plain making
#16 to #18 mash is suitable. ! If 25 lbe. or more of com-
position is to be mixed ordinary painted wash tube are
mo#t convienent and the sieves should be made so as
to jut ft inside the upper edge of same while for mix-
ings of from 100 |bs. up roughs are often used. For
these, the sieves are made square and fit just inside the
troughs, same as with tubs. Mixing machines are some-
times used for bright work or mixings containing no chlo-
rate of potash but they are too dangerous for colors.

With the plain mixings, the coal is weighed fir and
put into the bottom of the the i
place and the sulphur,
in every direction. the siev

of same size and sift from the hrdt
one, a scoopful at a o

time.
for the second time repeat
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mixing between siftings and after last sifting. For ordinary
compositions this is sufficient but some mixtures are pase-
ed fowr or frve times through the meves

In colored mixings more care mut be ocbeerved and
each ingredient sifted separately the fir® time, except the
shellac, coal etc. which can be put right into the bottom
of the tub. Never throw the chlorate of potash on the
sieve at the same time with dextrine or other hydrocar-
bons but sift the potash firlt and add other salts one by
one. Great care should be taken never to let the Anger-
nails @inke the sieve while sifting as it is very easy o
“firike fue'from such causes, with disadtrous effet as
sharp #ftar compositions in a locse ftate are as
explosive as meal powder. Special mizings will be de-
scribed when we come to the compositions requiring them.

CASE ROLLING.

This is the next moft important operation of the busi-
ness and the one requiring probably the moft mechani-
cal skill judging from the time required to leara it and
the comparatively small number of really good cass rell-
ors 10 be found in mokt factories.

All kinds of freworks require a case of some kind
except tableau fires. A good case mut be tightly rolled
and almodt as hard as iron. The best arrangement for

case rolling is a sort of large desk made of tongue and
grooved flooring tightly joined and frmly nailed to sills
of about 2 inches thickness and tapering from 2 inches
in front to 6 or 7 inches in the back so as to form a
gentle rise from front to rear. According to the work
to be done the rolling board may be made from two
to four feet wide. See Fig. .

A marble slab also is

Mod#t cases are rolled from #trawboard, featheredged,
The best is made in Elbridge, N. Y. and’ comes in sheets
26" x 38" with weights varying from 40 to 150 sheets
to bundle of 50 lbs. For rockets, two or three tumns of
hardware or cartridge paper are used frft, backed up by
five or six tums of #rawboard The cartridge paper be-
ing waterproof swells and contrad@s but linde in rolling
while the @trawboard, being absorbent srwells considera-
bly; therelore when the -ftrawboard is rolled on the cut-
side of the case, it contrac®s in drying and is shrunk on
making a very hrm case. Heavy manilla and so called
cotton sampling paper also make good rocket cases o
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Since this was written the use of weste paper board has
taken the place of strawboard for most fireworks cases. This
is made in similar weights and sizes and used in the same

cases. Some pyrotechnifts use poster paper of different
colors, corresponding to the color of the composition to
be rammed into them, while others use linen paper.

Colored paper has the advantage of making lances
cazily diginguishable in case the boxes containing them
become mized On the other hand it requires keeping

a larger ln:k of empty cases :.nnnntnlly on hand which

lances being kept separated by having boxes for them
with the colors marked on the outside.

Lances are made from 4" to %' in diameter and from
25" to 4" long. Generally speaking, the greater the dia-
meter, the less need be the length. | generally use =
lance " diameter made of ribbed linen paper 17' x
22" about Iﬂhhlh-mwtmfuw,ﬂu-ﬂtﬁ
way or across the ribs and six times the long way or
with the ribse. This makes 24 cuts from each sheet 3%?
x 44" Now procure & brass or copper tube with an
outride diameter of %" and some good pamte Teke a
liele bunch of say one or two dozen sheets and lay
them squarely-before you on the rolling board so that
ﬁ-i’i'lidulultwp-ndbotmulndhnu'n:ﬂtm
down tightly with the left hand, rub them gently to-
ward you with the thumb nail of the right hand so
ﬁﬂnchun-wi]llﬁdalhm}{'bdﬂw-ndhtheldt
of the one under it Apply paste to these edges, lay the
tube now on the top sheet about " from the bottom of
same and 4' from left or pamted edge. With the ends
of the fAngers of the right hand bend the lower edge
around the tube, laying over about %! and roll to upper
patted end. Then with a turn of the fingers twidt the bot
tom in. The bottoms should not be made too solid and if
even a little hole is left in them it will be easier after-
wards o #tick them on the pins. Sometimes when an
is made on the grounds and not subje to
handling, the lances are made without any bettoms.

now be thrown lightdy in a basket or sieve

mehﬂ-m simple are quite
bhard to describe and a few moments of practical demon-
dration will go farther than several pages of description.

it

muoch
They may
to dry.
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Pin wheel cases and match pipes are rolled in a
general way the same as lances, except that no bottoms
are made to them and brase or Meel rods mre used in-
dtead of tubes. The mot convienent size for match pipes
s one yard in length and %" diameter. Use a good
quabity of manilla or kraft paper 24" x 36" 20 lbe. to
ream. The quire is cut the longeft way of the sheet, in-
to dtrive 4" o 5" wide A #teel rod four feet long is
the be#t for rolling them. Pin wheel pipes are usually
made 12" long and 3/16" diameter. Sometimes one end
is made slightly funnel shaped by pasting a #trip of paper
o' long and 2" wide &t one end tapering to M" at the
other, rolled around the end of the rod. Rolling match
pipes properly is one of the most dificult operations to
mafter, in the business. It is therefore advisable to be-
gin on shorter pipes untl practice is acquired.

ROMAN CANDLE CASES.

These are also somewhat dificult to roll. It is almost
essential to have feather edged boards for this work and
preferably strawboard. The sheets for one to four ball
candles are pasted entirely over with mather thin paste.
From siz ball up, only about 4' on each end of the
sheet should be pafted on both sides. The manner of
proceeding is ta lay n sheet on the rolling board, pretty
well up near the top, and upside down. Then with a
4 fat paint brush apply thin pafte quite heavily om
about 4 of the top of the sheet and about the same
amount on the bottom. Now place another sheet on top
of this but about one inch lower down, so that an inch

of the firt one extends beyond the next on top of it
Paste as before and repeat the operation untl a dozen

or more sheets are in the pile. Now reverse the entire
lot at once so that the former bottorn one will be on
top. PaMte over the bottom and top edges of pile now
exposed and rub off surplus paste with a scrape of the
rod and you are ready to begin rolling. (Fig. 2).

Wi
Wi/ Yyani

Fg 8.

Lay the rod across the pile about 3' from the bot-
tom. LiRt bottom edge of Art shest, lay it over rod
draw rod with paper sround it back, until edge of #rip
is on top of rod and by sliding the fingers along the
rod and edge of sheet untl] same #ticks Armly teo it, for
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ita entire length. Now roll frmly along, one hand fol-
lowing the other until the whole sheet is rolled up, care
being taken that the case does not run to one side. By
a quick backward twit of the rod it may now be re-
moved from the former and placed on rack fer drying.

The diameters and lengths of roman candles has been
changed and reduced so often of late years that no
#tandard of sizes can be given but the [ollowing will
be found to be as useful as any for the average work
and may be used comparatively. Special sizes may be
pasily adapted to the required circum#tances. When cut-
ting peper for candles and other cases as well care should
be taken to always cut so the case rolls with the grain
of the paper and with the feather edge at the top of

the shoet.
N, LEMGTH PORE SIZE OF BHEET NO. OF STRAWBOAND
| ball 44"  5/18 44 x & 140
2 - 514" . S5W'x /" =
3 ™ oK™ N oK' x &' =
4 “ 84" ” 8%'x 100 s
[ 12¢ W 12'x 13 -
a “ 15¢ " 15'x 16° =
o “ 17 7l16° 17" x 200 .
iz " 19 " 19" x 20° w
I5 * 21° M 22" x 26" 120
20 "¢ 26° " 26' x 26" "
a 32 = 32'x 26 100
p - 36 " 36" x 26 =

Cases for rockets, gerbs, fountains, tourbillions, saxons
etc. and the small paper guns used for mines, foral
shells etc. require considerable skill and Mtrength for roll-
ing, especially the larger sizes. After seeing a great many
case rollers at work and employing at different times
their various methods, | have come to the conclusion that
the following is not only the easiedt but makes the best

Procure a small hair scrubbing brush of good quality
and long Mift hair. Have the paste somewhat ftifter than
for candles. Lay the sheet of strawboard on the rolling
board, {in the case of rockets, with the sheet of cartridge
paper on top of it) Now, with the scrubbing brush rub
some pafte evenly over the cartridge paper, (not as much
as for candles)] and immediatély roll up as tghtdy as

passible, except the lat two inches or so. Now pafte

the sheet of #rawboard over as you did the cartridge
paper and place the partly rolled case on top of it about

2" or 3" from the end neareft you, secing that the edges
of both are even. Raise the end of the mrawboard pro-
jecting behind the already partly rolled case and bend
it around so it will lay between the part of the cartridge
paper left unrolled, and continue rolling, pressing mean-
while the case Armly to the rolling board or marble slab
until the case is completed. This leaves a case that ie
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already half dry and when completely 10, should be frm
enough that it cannot be bent in on the ends with the
fngers. The advantages of this method of rolling heavy
cases is that the paper, especially the ftrawboard has not
the time to become softened and ewelled up as when & num-
ber of sheets are pasted down at once, and a tighter, clean-
er and more easily and quickly dried case results. If too
much padte is used, when the case dries the water from
the pafte evaporates, leaving the case spongy.

The sizes of rockets vary as much as those of candles

consequently the following li®t can only be used approxi-
mately:

Blem Langth Bwrd

Langth Shaal Sirawboard Ne Biw. Brd.  MWdw Papar
loz. 3K ¥ 10* 140
2" &4 - 13 =
s I 1 175 N
4 5 17y 20 120
6" 6 9le 13* > 12°
8 7 w 8 " )
b & K 20" = 1
2 9 b 26 140 ¥ 5 )z
" lo I 26 120 s
4% 11" 1y * - 30
6" I3 14" 52" a S50

* These can be convienently used in two lengths.

Mine Cases.
e =alght Dismater Mo Brewboard Ne. Flocs
| Ly 144" | 40 |
2 435 1 1118 120 I
3 5%* 2 116 100 i
4 7 2% 100 2
5 8y* N 100 3
6 g K 100 4
Floral Shell Guns.
MNa. Hadighy Olar et Me. Birawhsard Ne. Flacas
| 9* 2 516 100 2
2 L 2 116 100 4
3 130 3 3¢ 100 4
4 | 5% I 100 5
Gerbs.
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La=gts Clamwtar

¥
'I I L | l L |
13 | b4*
15* 14*
15 Niagara Falls 2°

SHELL CASES.

These, though not being rolled (except the canifter
shell cases) properly come under this division mss they
are part of the case rollers’ business, to make and are

composed of paper and pafte

There are two ways of making them. One, roughly
speaking, consifts of papering the inside of a hole; the
other, papering the cutside of a ball We will take a
six inch diameter shell as an example to work on as it
s the moMt popular size and same method is -employed

for all Firt procure a perfectly round ball of wood or
some other substance, five inches in diameter. We then

cut firips of Mrawboard and tagboard or heavy paper
of mo#t any kind, about 3" wide and 4%" long and pafte
them on a board, one on top of another, with so much
pafte between them that they will not dtick together but
will become soft and pulpy. | have used a sort of red
building paper sold in rolls, which made a better case
than any other kind | ever used The #trawboard and
other paper should not be pafted in the same pile but
two piles made, one pile of each kind.

Now smear the ball or mold well with paste so it
will be wet enough to keep the paper from drying and
ficking to it before shell case can be fniched Then
take #tripse of paper from either pile feft and lay them
on the mold, beginning: on top and running half way
down the side. Lay the second ftrip so it will lap over
the et one about %" at the lower end and almo#t over
it on top but %' lower down. The third firip should
start #ill a half inch further down from the top while
the fourth #ftrip again flarts at the top. This will prevent
the shell case from becoming egg shaped Continue this
until the entire upper half of the ball has been covered
with paper. Each strip must be firmly pressed down and
all surplus paste squeezed out with the hngerns. Now
repeat the operation as before but using the other paper.
The obje is to make it easier to see where one layer
has begun and the other ended as each layer is put on.
Anocther way is to cut the ftrips a foot long and after
softening with pafte as above, lay them on the mold
from the top to the middle, tearing off the firip at the
required point and letting second and third pieces ftart
half an inch below the other so as not to get the top
too thick as explained above.

Afer the third layer has been put on one thould be
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laid on crosswise, crossing as much as possible the frgt
lavers. This process is continued, pressing each firip as
fitmly as possible until the case 1s about %' thick at the
edges where it is usually thineft, and not over %' on
top. If the work has been properly done the half shell
can now be slipped off and allowed to dry. When dry
the lower edge should be trimmed off with a sharp knife
at a point that will make two halves, when put together
shaw a fair sphere.

The other method is to have a wooden block hel-
lowed out so as to have a hole in it 5% in diameter
and & perfect semi-sphere. Or a mold may be made by
taking a ball of this diameter, oiling it well and setung
it halfway of its diameter into a box of wet plaster of
paris. Now then, proceed as before, except pasting the
ftnips inside the hollow inftead of on the outside of the
ball This will make a better locking shell and | be-

lieve, a flronger one when properly done. The paper
may be cut into #trips & foot or more long and torn off
as thicy reach the edge of the hollow. In this way all
wadle is avoided and the rough edge made more even
and regular. The frips should be pressed wvery hrmly
as lthe quality of the shell depends on this [If the pres-
sure againft the fingers, in rubbing out the pafte, makes
them sore, a piece of wood about 3' long and 14" wide,
rounded and slightly curved on the edge, may be used
as n sort of squeezer, If the work has been well done,
the case should be as Airm as wood when dried. To
assift in removing the wet shell case from the mold, Arit
place in the bottom of it two drips of cloth at right
angles with the ends protruding over the sides, long

enough to permit pulling the case out by them when it
is completad.

When the halves have been evenly trimmed place
two together so as to form a sphere and secure joint
with a ftrip of canvas smeared with glue. Then put en
one or two more layers of paper. After again drying, bore
hole for fuse through one end or bettey #till bore hole
through one half, from inside, with & wood bit, before
joining the halves.

In addiion to these methods very good shells can
be easily and quickly made where hollow balls of zine,
tin or wood can be obtained The wood half balls need
only to be well glued together and they are ready for
use. Those of zine and tin require to be papered jut
as directed for shell making with round meld except that
entire ball is papered until it is about 4" thick for &
shell and X' for 10* shells. Othen in proportion.

The cases for cylindrical or canifter shells need ne
detailed description as they are made juft like any other
heavy case. A former of the required size is procured
and the case rolled thereon just as for a mine of @raw-
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board or other paper. When thoroughly dry the wooden
heads or plugs are fitted, nailed in with 1" wron brads,
or well glued if made with a flange and carefully sealed
all around with several thicknesses of good manilla paper.

DRYING CASES.

For all cases more than 6' long, racks are moft con-
vienent for drying them. These are made of #trips of
%* x 2' cypress or other light wood, suitable for support-
ing them. The longer the cases, the farther apart ths
strips should be. When filled with cases they should be
moved to a well ventilated room or coverad platform.
If placed in the sun they will be badly warped when
dry. (Fig. 3) Center and end dtrips are %' x 3°

Small cases may be thrown into sieves 2 feet wide
by 4 feet long. made of |' matenal, 4' deep and the
bottoms covered with galvanized hardware cloth of X'

mesh.

When cases are #tored away care should be taken
to protet them from roaches and mice as these are as
tracted by the pafte

FORMERS.

All paper cases are rolled on formers of one kind
or another. For rockels, gerbs etc. these may consit of
hard wood dticks but better farmefs are made of light
brass tubing with an outside diameter equal to the inside
diameter of the case desired. They should be one to 1wo
inches longer than the inlended case and htted with wood-

en handles to enable them to be eamsily removed when

case is rolled (Fig. 4)

Fig. &
—

RocKet case
Former
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Mines etc. are rolled on wooden formems, the ends
of which are turned down to convienent size to ft the
hand. Roman candles are rolled on rods of machine dteel
while match pipes and pin wheels are rolled on thin
brass or dteel rods. Lances, on small brasa tubing.

PASTE.

Without this simple article, | doubt if any great a-
mount of modern fweworks could be produced. ms it is

in almoft conftant demand in every department of the
facrory.

Ready made pafte is now so easily and cheaply ob-
tained that few persons care to bother about making it

but for those not so fortunately situated the following ia
a ftandard method:

Mix 4 ozs. wheat four with 8 ozs. water
and 4 oz. powd. alum, rubbing until free
of lumps. Pour this slowly and with con-
#tant Rirring into:

|6 ozs. boiling water to which has
been added,

5 drops carbolic mecid,

5 drops oil of cloves,

2 grains corrosive sublimate,

When cold it should be r:ady for use.

Another method which | ara about to describe, |
think, noj only the be#t and simpleft but requires nothing
for preserving and if properly made, will keep for a
month in winter, The process consifts mainly in allow-
ing the batter to sour before cooking; and cooking by
adding boiling water inftead of placing directly on the
fire where it in likely to get lumpy or overcoocked. The
following details are for making pafte in lots of three
or four buckets per day.

Procure two deep wooden tubs of about 20 gallons
capacity. Buy a barrel of the cheapest grade of flour
you can get. Samples or sour and wormy flour will do
if it is not adulterated Put 2 or 3 bucketfuls of flour
into one of the tubs and add water, stirring meanwhile
with a paddle until well mixed and about as thick as is
convienen! 1o handle. It does not matter if it is
as these all come out in the souring. When the tub has
been filled not more than one third full allow it to ret
in a warm place (about 90°F) for two or three days by
which time fermentation will have set in. When the fer-

meniabhon 1is the flour will have settled as a
heavy batter in the bottom of the tub with a sour brown-
ish liquid over it. Pour this off and fill several buckets
about one third full of this batter. Now have a water
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boiler of abolit ten gallons capacity with faucet in bottom,
on a gasoline Move or furnace and when this is flled
with boiling water place one of the buckets of batter
under the faucet. Open it and while the water is run-
ning in stir it briskly. The contents of the bucket will
at firit become as thin as milk but as it begins 1o £ll
it will gradually thicken until it can hardly be #tirred if
all the details have been comectly followed. and a bucket
of clear, clean and very #ticky paste, free from all hampe
will be the result. The other tub may be used alternate-
ly with the Arit for souring batter while that in the hrdit
is being used for pafte making. This pa#ite, having been
soured before cooking cannot sour again and will not
become watery.

Clue and dextrine are sometimes added to make paifte
bind better and alum. blueftone, salicylic acid etc. to pre-
serve it but these are all unnecessary if made as above

CRIMPING.

Sometimes gerbs, etc. are choked or cnimped 1o re-
duce the cpening, in place of uwsing clay. This is done

by taking a tun of dtrong #iring or piano wire around
the case while dhll wet, about ¥" from the end and draw-
ing tightly while tuming the case shghtly so as to make
a neat job. One end of the finng should be ted o a
wall or some unyielding object while the other is passed
around the body (a) (Fig. 5). A nipple with a short
point slightly smaller than the desired opening to be left
in the end of the case, should be inserted about ' be-
fore drawing the dtring so that the end of the case will
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be kept open and crimping nesatly dome (b). A mech-
anical device made by a Cincinnau machine works does
the work very neatly and much quicker than the @ring

process, (c) (Fig. 5).
RAMMING.
As this operation will be descnbed in detail under
each ol the articles to be rammed as we come to them,
only a few general directions will be given. All ram-

ming should be done in small sheds as [ar removed from
the balance of the facory as practicable and with one
sds open toward which the operator should always have
hus back while at work. A fout wood block. either reft-
ing on the ground or over a foundation should be used
for ramming on. For heavy ramming the beft mallets
are those made of raw-hide. These are round and range
in weight from ¥'lb. to 10 |be. About 2 lba is 2 good
weight for the average work. (Fig. 6).

Ramming tools should be made of brass or gun-metal
alsc the nipples, while the spindles for rockets mut be
made of #feedd

Scoope for taking up the desired amount of composi-
tion at & bme, can be made of tin or any light metal
and should be provided in different sizes from about X'
in ciameter and |* long to 1" in diameter and 3" long.
with about six intermediate sizes as some compositions
work better when rammed in small quantities than others

with the same caliber of cases.

RAMMING with ROD and FUNNEL

For all small work such as serpents, saucissons etc.
make a funnd about 4 high, 3 inch diameter on top

and 5/16" .at the bottom, without a spout, (Fig. 7) (a).
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V.7

Procure a rod %' diameter and 12" to 18* long according
to work to be done. A wooden knob may be faftenced
to top of same for convienence in ramming (c). In use,
a case is alipped on a nipple (d). The funnel. half full
ol composition has its small end inserted in top of case
and with the rod moved up and down, firiking the bottom
firmly each time, the composiion becomes rmammed with
sufficient solidity. When case has been rammed o with-
in %' of top, funnel is removed and a charge of clay
s added to ftop end, by dtriking clay a few blows with
a light mallet and suitable drift or rammer. The arrange-
ment for lances is somewhat lighter. The funnel (b) is
very efficient. It is 2!4" diameter on top and 2%' high
with a 3" shoulder on bottom and a spout X' outside
diameter projecting from bottom for K". This, when re-
moved from lance leaves just the proper amount of case
empty for priming.

MATCHING.

This is the term used to designate that funétion of
pyrotechny which consifts of bringing fire to the various
parts of devices as they are bumed In moft of the in-
dividual articles a short piece of match is twisted in the
nosing of the wrapper or fastened ctherwise. In set pieces

this operation takes on an importance second to nome in
the art

Starting st & leader at which a set piece is lighted
and which must be long enough to reach from the

device when erected, to a convienent diftance from the
ground so the operator can reach it, the match muft lead
to every part of the piece.

The matching of lance work is fully described under
that heading. In the case of set pieces consifting of
gerbs, wheels etc. the gerb is frit primed by smearing
a litle priming on inside of choked end of case. A
nosing ia put on, consigting of 2 or 3 turns of #out paper
rolled around end of case 3o us to projed 2 inches be-
yond end About half an inch of the piping ia removed
from a length of guickmatch. This is bent back, inserted
into the nosing and secured by tying tightly with two
half hitches. The match is now brought over to the next
ﬂbﬂdhﬂtﬂﬁ,ﬂﬂﬂ-w-h At 2 inches from
this point it is bent back again onto itself and &t point
of Erft bend, again at right angles so as to lead to the
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next gerb. (Fig. 8). At the bottom of this bend the pip-
ing is cut off, bearing match, with a sharp knile, and
this portion pushed into nosing of second gerb and secur-
ed by tying as before. See (Fig. 8). Candles, wheel cases

elc. are Ureated in the same manner,

Fis.l

If a gerb has been properly primed it is not necessary
for the maich to enter choke as fre will reach it from
priming.

It is a good plan to have the leader from which a
piece of freworks is ignited, to run to each section of
same, irrespective of the fact that said sections are already
connected to one another in the process of matching it,
as sometimes a length of match will go out in the center
of the pipe. owing to some defect not observed in mak-
ing it. It is therefore ddvisable to have the match joined
wherever it crosses, as for inftance, on top of a lance

guarding as much as possible againt all chance for one
or the other section to fail

If it is desired to have one part of a piece to bum
after the other has been buming a-while, as '_u'htn candles
or gesbs are used in connetion with lance work, these
gertbs etc. are matched to a separate leader which may
bé fred by hand efter the lances are half consumed, or
they may be connected to several lances about half way
down so that when they have bumed to this point the
balance will be lighted automatically. This is done be-
cause, lances burning soc much longer than candles or
gerbs, il all are fred at once, the gerbs ste. would be
finished before the lances were well under way, while
it ia best for the fnest effec® 1o come at the end.

PRIMING.

[n order to insure lighting, especially in exhibition
work, all gerbs, wheel cases, lances ele, are primed which
consifts of smeaiting a little moit gunpowder about the
mouth of the case. Priming is made by adding water
to grain powder in a suitable receptacle until the powder
becomes padty. A little alcohol and dextrine can be ad-
vantageously added.

FINISHING.

In factories, where dtock or shelf goods are made
this is quite an important department All kinds of fire
works are covered with some kind of colored peper and
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often #iripes and borders are added. Candles, rockets,
serpents, small mines and triangles are covered with
different colored pofter. Flower Pots are usually cover-
ed with calico peper while fancy rockets, large mines
saucissons, floral shells and fountains are covered with

glazed paper, @tripes being added where desired. The
size of cuts as given here are for use with candles and
rockets of the size shown in this work. They are usually
2* longer than the article to be papered if it has to be
matched at one end and tucked in at the other; |" longer
where matching only is done and the same length where
only the case is covered as in mines etc.

| oz Sky Rockets x5
2 " - W 3- x 6!
5 B = = 4 x 6K
4 % - " with cone 4 x b64*
6 % ® . W &k g
B N e » o * 6 x 8K
i1 " " “ “ 8 x 9%
R LR
| ball Roman Candles 2''x 6
L - - 2x 7

3. " N " 3 x 8

4 " " 2. 3 x 100
6 " y - 4+ x 14%°
8 " - = 4 x I
e 2 = ) * x 19
12 - - " * x 21
15 ¢ - - 6" x 14
20 * o ! & = 26°
25 - - § 6 x 34
0 = - - & x 38°

WRAPPING.

To make a good neat, tight and #irong bundle is

about as important and | may say difficult to learn as any
other part of the freworks business.

Roman Candles from | to 4 ball are packed 3 dozen
in & bundle. From 6 ball up, | dozen in a package.
The packages of | dozen are made in two forms, viz:
four sided and six sided, (Fig: 9) (b) and (a) respectively.
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To make the four sided package of | dozen B ball
candles lay 5 on the bench in front of you sa the candles
run paralel with the bench. Mark the space they cover
and At into top of bench four wood pins about one inch
of which project above, two on each long side of the
space occupied by the 5 candles, so same may be casily
laid between them. Sece dots, (Fig. 9). (b). Now cut a
sheet of manilla paper 19" long and 14" wide and lay
this between the pins just as the candles laid before, and
replace the five candles, now on top of the paper be-
tween the pins. On top of these fve place four more
and on top of them threa. This makes twelve. Draw
the paper tightly over them and fold it like a druggit
makes a bundle Now close the ends as follows: with
two fingers presa the top of the folded paper over the
end of three top candles; then, holding same down with
both thumbs, fold in the two sides of package with the
fiét and second fngers of each hand at the same time;
then holding these folds with the left hand, lift the opponite
end of the bundle with the right which will cause the
bottom to fold itself over the other folds. Now, with a
brush dipped in thick paMte give the end a daub on the
last fold and while the bundle is still ftanding on this
end fold the top end the same way. Before folding the
last fold give it a daub of paste ns you did the other
end. Lean againét the wall and place a paper weight
or tile on top of end to hold it in place untl dry. After
a quantity are packed like this and dried the labels are
affixed.

To make the six sided bundle a person mu#t Arit
learn to form the candles in the hand Count out cne
dozen candles and encircle the bunch at one end with
both hands. Now work them about (this is hard to de-
scribe on paper) until they form a triangular bunch (a)
with three candles on each side of the trangle. When
this has been accomplished, lay them on the wrapping
sheet (cut as described above, though preferably wider)
holding them lightly so they retain the triangular form.
To get the paper around them without having them to
fall in a heap 1s #ill harder to describe and equally hard
to mafer though easy enough when learned. Once the
bundle has been gotten to the wrapping sheet one hand
is sufficient to maintain its form so with the other lift the
side of the sheet nearest you and bend it partly around
the package so you can hold it while the other hand is
released long enough to. enable it to take the paper on
that side. Straighten and flatten it well on over the candlcs
and begin rolling up the bundle until the other edge of
the paper is reached. Pafte this edge and lap it on the
bundle and vou are ready for the corners. [f the bundle
has been properly made, when it lays on one of the
faces of the mangle, the top row muft be composed of
2 candles; the second row, 3 the third row 4 and the
bottom row 3. Now bend the paper down from the top
firdt, then bend in the two upper sides, then the Iwo
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lower sides and fnally, by lifting the bundle, from opposite
end, the bottom folds over all the others. A Little pafte
secures it as described above.

The bundles of smaller candles are formed in a wood-
en former, hollowed out to the size of a bundle of 3
dozen (c) and when it is packed with the required
number they mre secured with a #iring perparatory to
wrapping.

Short #tick sky rockets are nearly always packed in
paper boxes. Long sticks are packed as follows: Cut
some pieces of #18 iron wire 6 inches long. Then take
half or = dozen rockets with the héads all even and
work them in the hande until they form as square a
bundle as possible and bend one of the pieces of wire
around the #icks just below the matches. This should
be done with one hand while the other holds the bundle
in shape. Now pass another wire around the #ticks
about a foot from the bottom. Cut some pieces of ftraw-
board as wide as the bundle of rockets on the wide
sides and long enough to go completely over the heads
and down the other side nearly to the matches. Cut
some wrapping paper tix inches wider than the rocket
head bunch and long enough to go twice around it
Pafte the far edge for about one inch and lay the bundle
of rockets with the ftrawboard around it, on the sheet
and wrap it up as tightly as possible. Fold in the upper
end: secure with a litle pafte and set aside, heads down-
ward. to dry. Later, the other end may be gathered in
and secured with another piece of wire,

Wheels, tourbillions etc. are made into moft any kind
of a package desired, while mines, fountains elc. are
given one or two turns of paper over the hAnishing to
keep them clean.

Serpents, flower pots and torches are packed like
roman candles. Blue Eghl-l. the same. Fancy rockets are
packed heads and #ticks separately, the heads in boxes
and the #ticks loose.

WIRING.

For mo#t purposes annealed iron wire from |8 guage
to 20 guage is the moft servicable. The easiest and
quicke®t way to use it for wiring rockets, triangles etc
is to cut it in lengths of from 4" to 6" according to the
size of the work to be done. A large quantity can be
cut at once by using a bench shear and cutting several
hundred st one time. Rockets can be quite securely fast-
ened with one wire if a GUM BOARD (Fig. 10) is used
Else two wires are necessary. A gum board is made
by taking a piece of ¥* board &' long and nailing pieces
of rocket stick around it on three sides on top and one
side on the bottom. Put into this about | ox. of dextrine
mized with water to the consiftency of jelly and it is
ready to commence Wwiring.
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Figlo

b
Put a pile of rockets and wire to your left and a bundle
of ®icks and the gum board to your right Rub one
side of the end of a #ick again@t the bottom of the gum
board so a kittle gum will adhere to it Lay it with the
gummed side again@t the rocket about three quarters of
the way to the come. Hold it in this way in the leh
hand and with the nghy, bend a wire around it about
the middle giving one tum on the side of #tick. Now,
with a pair of nippers give about three more turns cut-
ting the wire with the last turn. If no gum is used rwo
wires are necessary.

TYING.

In doing exhibition work #tring plays a very import-
ant part and the beft and mo#t convienent knot for all
purposes is the sailors two half hitches. (Fig. 11).

and place another label on top of it repeating the pan-
ing and putting down of labels until several daozen are
on the board. This will soften them so that when taken
up and pressed with the fingers or the pafte brush a-
guinft the bundle to be labeled they will adhere firmly
and lay flat

DESIGNING.

When it is desired to produce in fireworks a por-
trait, 8 picture of a building. monument ete. or a line of
lettering this is fArdt drawn on the Aoor with a piece of
chalk fixed into the end of a fick so that the designer
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may walk about sketching his picture from the miniature
plan as he goes along. The floor is firdt laid of with
a chalk line into squares one foot each way and in
multiples of 50 square feet five feet wide and 10 fect
long. For inflance, if a2 pidture 10 feet high and 20 feet
long is desired it is composed of 4 sections 5' x 10 or
two high and two wide.

The sketch is now taken and marked off with rule
and dividers into 200 equal squares, 10 high and 20 wide
corresponding to the full sized squares on the floor. These
are numbered along the edge of sketch on top and on
one side. The sguares on the floor are numbered in the
same way. With the chalk now draw into each square
on the floor, the same lines as appear in comesponding
square of sketch. When this is done, an exa& repro-
duction of small picture will be ready to be placed on

frames.

For lettering or lines of wording this is not necessary
as design can usually be drawn diredly onto the floor
with free hand, of the desired size and without enlarge-

ment.

PART Il

ARTICLES OF MANUFACTURE.

MATCH.
(Quick Match)

This is used for conveying fwe to the cumbugtible
portion of pyrotechnical devices and is diftinguished From
FUSE by the facx that its efect is almodt inftantaneous
while fuse bumns at & comparatively very slow and exact
rate. It considts of cotton wicking impregnated with gun-
powder and covered with a loose paper piping. As al-
modt every piece of fireworks requires match for lighing
it and lance work and exhibition pieces in general are
absolutely dependent on good match for their successful
operation it is essential to make this very necessary article
as nearly perfet as possible. Thers are several ways of
making match which will be classified as the “French
Syftem” and the “English Syftem™ and candle and rocket
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above the ground, one at each end of a dry shed some
30 feet long. Wicking or cotton cord of the proper thick-
ness can be secured already in balls, as desived Now
get some cotton cord or wicking not less than 24 mesh
and faftan the end to the nail nearet the wall on ome
of the above pieces of 1' x 3. With the ball of cord
walk to the other end of the shed and, drawing it mather
tightly, fadten it to the comesponding pail in the other
dirip of 1" 2 3' by taking a few tums around the nail
Leave the ball temporanly at this end of shed, in a light
box to keep it clean.

In an agate pan mix 3 lba. rifle powder thoroughly
with 4 ozs. dextrine and add water, #tirring with the
fingers until all the graine are wet. Allow to ftand a
few minutes until a small lump pressed between the fingers
feels perfectly smooth and contains no more grains, Str
in some more water and a little alecohol until the mixture
is about the considtency of mush.

Holding the pan in the left hand, under the ft
length of cord take up a handful of the powder mixture
and work it well into the eotton while holding the pan
so as to catch the drippings, and walk backwards 1o
other end of shed. When this is reached go back to the
begining of the étrand, take some of the powder in the
right hand, pass the cord over the firt joint of the Art
finger, place thumb on top of it and again walk back-
wards toward other end of shed but without working
any more powder intc the cord, simply allowing it to
run through the finger and thumb for the purpose of
rubbing off rough uneven places and leaving a smocth
well Bnished surface.

Now take up the ball of cord again and, passing it
around the third or fourth mail to the right mretch a
second length to the point of begining, fastening it here
also several nails away from the firft #trand This is for
the purpose of not touching the finished #trand while
working the powder into the second one. Proceed as
with Arft length and when fAnished move it to second
nail, #tretching it tightly into place. Repeat with the
following ftrand until all the powder is used wup.

[ the weather is dry match will be ready for piping
in a day or two. In dry climates gum arabic makes a

better match than dextrine but where there is much mois-
ture in the air dextrine is safer. When the match is dry

or gather the end of
pipe may be slipped over
A simple and clean method of making perfead exhibi-
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tiom match, and one, which to the befit of the authors
knowledge is original. is as follows:

Make & cup of brass, about 3" diameter, at top, 244"
at bottem and 2" high as shown in accompanying sketch

nating in an opening }' diameter, A small dish pan, a
2 quart pudding pan and a match frame 4 x 6 complete
.ﬂl.ll'-:nmtlﬁfw Then prepare the follow-

ing mixtures;

No. | No. 2
Deatrine 3 oz Dektring 1% oma
Gunpowder 2 lbe. Cunpowder | B
Water 2 pis Water 12 o
Alochal 4 oss

Into the dish pan place mixtare No. |, mixing
gunpowder thoroughly with the dextrine adding
water. When powder has completely melted add alcobol
and #ir well Unwind into this about' 2 Ibe. of
cotton twine of not less than 24 mesh, and with a
press it well into the powder mixture. Into the
pan place mixture No. 2 proceeding as for No. |.
howeves, should be thicker; (about like soft putty

Now take the end of the cord and pass it through
the spout of brass can, from the inside; fill the cup with
mixture No. 2 and pull through spout enough cord so
end may be attached to match frame. Hold the cup in
the left hand and revolve the frame with the right, plac-
ing dishpan so cord will feed out, over notch in back
of top rim of cup and through powder mixture into frame
separating each dtrand by about % If spout of cup fits
cord snugly a perfedly round, smooth match will result
and if swgeons rubber gloves are wom the hands will
not be soiled Be sure to keep the small cup always fill
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Make a light frame of wood like the frame of » freworks om the market so » simpler method has been
looking glass (Fig. 12), six feet long and four feet wide Winrthi- purpose. [t is essentally like the laft

and hang it in an upright #and so that it can revolve
just like the mirror in a dresser. Then get a quantity of cot
ton wicking, 24 mesh and unwind it into a thin pan about
a foot in diameter and six inches deep. In another similar
pan put 2% lbe. rifle powder mixed with 24 ozs. dextrine
and cover it with 24 pints water, dtirring occasionally
until powder is melted; then add 2} ozs. alcohol and
mix well. Pour this over the lamp wicking in the firit
pan taking care to leave the end of wick hanging over
edge of pan so it can be easily found Begining with
this end now run all the wicking into the empty pan,
taking care that every part of it is well scaked with the
wet powder, a litle of which should remain after the
cotton is passed for the irfl time and this may now be
poured over the pile of wet wick, pressing or kneading
same so as to thoroughly scak every part, when it
be retumned to the firit pan as before It is now
for the frame. Tie the end of wick to one side of
of frame and while someone turns it slowly feed
into it with the firands about ' apart When all of &t
is on the frame remove from the #tand to & purt of the

1

:

ed in the sun or elsewhere 1o dry. Match made by this
process is all of one length, viz: 2 yards, and is wery
round in appearance. It burns fercely but will not and
as severe usage as that previously described. Tt also takes

longer to make.

Match piping serves the double purpose of protecting
the match from injury and making it bum infinitely fas-
er. A piece 20 feet long will fash from one end to the
other in less than a second

ROCKET and CANDLE MATCH.

Match made by either of the two previous methods
s oo etpensive for use with the cheap grade of fock

described process.

Into = small tub put a gallon of starch well boiled,
and i 1inte it about 15 lbse. of a thoroughly mixed com-
position made of

Saltpeter 1.
Fine charcoal >
Salphur ¥

Soak in this, cotion wick of about 5 firands until nearly all
the composition is absorbed but about one half inch which
should #ill cover the eotton in the tub. Work it in well
and run it on a frame as dire@ed in preceeding descrip-
ton but the frame may be smaller for convienence of
handling by one person, as long lengths are not required.
Neither does it need to be dusted with meal powder.
If well made, however, it will bum freely and serve its

It is made by a very ingenious machine which

TABLEAU FIRE.

(In testing colors the pyrotechnist should not look directly
ltth:bmphﬂmi:mrahutlhmldhmhilhcktumdnil
while someone else light it. He should then turmr quickly
around for a moment and lock at the light and then rum
away again. By looking directly at the bumning color the optic
nerve seems to be temporarily affected so that an accurare
appraisal of the color cannot be made. It is also well o view
the color from a distance of sbout 100 feet to judge it ac-
curately)

This is about the simple®t form of freworks at present
in we It s made by miring thoroughly the necessary
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ingredients to produce the desired color and heaping it PINK FIRE.
on &a ron "."""“’ board, in '.ﬁh_' so it may be easily A fire somewhat cheaper than the above but inferior
Mﬂhlﬂ;n:rhp;:p:fhnruulufum b ol iy b sinde us TalBows:
and smoke as little as possible k should take fre eanly Nitrate of Strontia 44 16 18
but never be liable to spontaneows combustion. Litho- Saltpeter 12 “ ¥
graphed cans may be used as containers, designating by Sulphur 5 2 2
their color the color of the fire they contain and with Charcoal . | -
Ering direds . 25 A piece of mmtch Rﬂl[um 3 2
placed in each can facilitates lighting it Dextrine e
This should not coft over 7 cents per pound while
WHI the other formulas cot about 9% cents per pound A
TE FIRE. pink light may also be made by subdtituting Eme or

chalk for strontia but more chlomte of potash is required

mﬂll '? 'i : ; and the smoke is greater.

Metalic antimooy ! YELLOW FIRE.

Antinesy signide: (L¥ ) Nitrate of baryts 36

Realgar I Oxalate of soda 6

Sulphur 3

BLUE FIRE. Pk o s

Potassium perchlorats 24

Potassium chlorate 6 16 B GREEN FIRE.

Paris green 4 b

Shellac ¥ Nitrate of baryts 8 3 4

Suearine i i 2 Chlorate of potash 4 3 2

Barium nitrate 4 7 Shellac | 134

Calomel 12 : Red gum 2

Sal ammoniac | Dextmine 1116

Copper ammon. chloride 4 6 Fine saw dust iy

Asphaltum | Sal ammoniac ]

Lacose 6

| have never found anything better or as good
In the above color it should be boum in mind that this, therefore give only the one recipe .
paris gresn is very poisonows and a handkerchief should

be tled over the noee if it has to be handled much. SMOKELESS TABLEAU FIRE.
FIRE For theawical or indoor use colored fires are very
RED : objectionable on account of the choking smoke they give
Saontium nitrate 80 10 16 |4 of. The following mixings give a fire producing very
Potassium chlorate 20 4 8 4 litde smoke which quickly dissipates after fire is bumed
Shellac 3
Red or Kauri gum 12 3 RED.
Asphaltum b |
Charcoal | Nitrate of #fronta A
Dextrine | Picric acid 5
Fine saw dust 12 Charceoal 2
Rosin | Shellac |
Lampblack |
If it is desired to make tableau fires more bulky one GREEN.
or two parts of fine sawdu® may be added to any of :
the above recipies without materially affecting the color, H",‘h qf baryta 4
If the sawdust will not pass freely through the sieve it Picric acid 2
may be added after the other ingvedients ase silted and Charcoal !

mixed and rubbed in with the hands. Disclve picric acid in boiling water; add @rontia or
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baryta; ftir until cold and dry on filter or piece of cloth

It should be observed that in all mixings, the formulas
cannot be comsidered absolute as the purity and general
characteriftics of chemicals differ so much that all mix.
ings muft be tedted and regulated to the existing con.
ditions of materials, climate etc. If tableau fire burns too
slowly more potass; or coal should be added; if too fast,
more ftrontia, baryta etc. In rocket, candle or gerb com-
positions, saltpeter or meal powder will increase the com-
bustion while coal and sulphur will retard it

TORCHES.

These may be clasiied according to the purpose for
which they are intended. Military torches have but one
requirtement which is that they produce the maximum
ilumination of the deepest hue of golor desired. As these
are fully describéd in special worka issued by the govem-
ment and really form no part of commercial pyrotechnics

it will be unnecessary to devote further space to them
here. Railway torches or fusees, on the other hand, are

the cheapest form of pink light, as anything capable of
altracting the attention of the engineer is all that is re-
quired. They are usually %" dismeter and 8" to 12" long
exclusive of the handle and burn from 5 to 20 minutes.
The following compositions are adequate:

RAILWAY FUSEES

Polassium perchlorate
Strontium nitrate

Saltpeter
Salphur 5

7

2

Fine charcoal 4 ¥
2

o]

48
12

Red gum 10
Dextrine
Sawduft

Potassium perchlorate

Strontium nitrate

Sulphur

Red gum

Vaselina

moiften with Kerossne before ramming

Fusees are provided with a alip cap which is used
for igniting them. The end of the torch is capped with
paper onta which is painted a mixhue of

r-l'-ll-nguh

Potass; chlorate 6
Antmony sulfid 7.
Glua i
while the end of the cap is similardy painted with a paste of
Black oxid of manganese B

Amorphous phosphorus, 10
Glue 3
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When the cap is pulled off and #étruck againét the end
of the fusee it takes fire like a safty match. With some
compositions it is necessary to have a little farting fire
at top of torch ju#t under the capping or priming under
the cap which will suffice to cause easy ignition. (Fig. 13)

Fig.13.

PARADE TORCHES

Parade torches for campaign purposes, where a cheap
grade of fre suffices and where competition urges the
manufacturers to produce the largest article at the small-
et price, one of the methods is to add 50% of fine saw-
dust to the mixing. This does not greatly affect the burn-
ing of the torch and makes it lock twice as large at
practically no extra co®t. The following is a good Formula:

RED.
Nitrate #trontis, 30
Potass; chlorate 8
Red gum 7

Saw-duft may be added ad libitum. The torches are
usually 3* diameter and 12" long and should burm, with
the above mixing, 8 to 10 minutes.

RAMMING CAMPAIGN TORCHES.

A very cheap method of ramming these torches is
to moiften the composition with dilute dextrine solution
until it is damp enough to hold together when a hand-
ful is tightly squeezed. A dozen torch cases are tied in
a bundle and pressed into a pile of damp composition
on aslab. It is then moved to a clear. part of the slab
and jolted firmly againgt it by- lifting the bundle a few
inches and jaming it downwards. More composition is
shaken in from the top when the jarring ia repeated and
this continued until torches are full when they are set
aside to dry. By this manner a dozen torches may be
rammed in one minute, The handles may be attached
by a #trip of gummed paper 2 inches wide, half of which
encircles the torch and the other, the and of the torch
handle. The other end of torch is nosed and raatched
in the regular way, (Fig. 14).

-y

< :
c-nr.;“ tﬂh

Fig1¢
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A better way of ramming torches is as follows:

Tie the cases in bundles of 12. Place on ramming
block and insert spout of funnel (Fig. 15), inte ome of
them. Then pass a suitable rod through it until it rest
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Stronbum nitrate 40
Potmssium chlorate B
Red gum, 4

This will burn 17 minutes in an 18" torch. The latent

on block alsc. Now, with & scoop, fll the funnel with formula, giving exceptional results is:

compostion and, feadying same with the left hand, grasp
the rod Brmly with the right and raising it about mix
inches, dnve it with & hrm #troke up and down as the
composition runs into the case. Continue this operation
until case is flled When funnel is removed the space
occupied by the apout will serve for inserting the handle
which is done by applying to it a litle gum or glue.

TORCHES for CARNIVAL PARADES.

These present the moft exading requirements and
the following formulas are the result of more than 30
years of eaxperimenting during which some exceptional
mixings have been developed as well as some modt beauti-
ful colors which, in modified form. may be used for box
#tars in shells etc

Camival Parade Totches must be of deep color. give
maximum illumination, bum Jowly and clean, not be
prohibitive in coft and give off as little simoke as possible.
They should bum not less than 15 minutes with a length
of about 18" exclusive of handle and a diamaster of X"

The ftandard formula of 40 years ago was: for

RED.
Nitrate ftrontia 16
Potass: chlorate 8
Shellac, 3

however, this burne somewhat fircely and is rather ex-
pensive. A better mixing im

Nitrate #rontia 14

Potass: chlorate A

GCround ssphaltum gum 3

Strontium  nitrate
Potassium perchlorate
Sulphur, ground

Red gum

— NN D

This gives a fine color, burna clean and is inexpensive.

GREEN PARADE TORCHES

Barium chlorate

Barium nitrate 40
Potassium chlorate 11
Potassium perchlorate

K D. gum )
Sulphur, ground

Sal ammoniac I
Shellac I
Calomel 2

*. D. and Red gum are supplied by New York
dealers in pyrotechnical supplies.

5
4

whno &

BLUE PARADE TORCHES
Potassium perchlorate 5 24 24
Paris green i
Copper-ammonium sulphate 6
Copper-ammonium chlonde 6
Dextrine I
Calomel |
Sugar of milk 2
Sulphur 9
Stearine 2
Asphaltum I
PURPLE PARADE TORCHES

Strontium nitrate i

Potassium perchlorate 9

Black oxid of copper 6

Calomel 3

Sulphur 5
AMBER PARADE TORCHES

Strontium nitrats 36
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Sodium oxalate B
Shellac 5
Sulphur 3
Polassium peschlorate 10

The last two torches are exceptionally beautiful and
have been used very efectively in canival parades. Creat
care muft be cbserved in mixing compounds containing
sodium oxalate, that all the ingredients are perfealy dry,
and it is be® in & damp climate, to mix only on a clear
day, for the reason that the lea®® moifture is Lable 1o
cause the oxalate to decompose forming sodium nitrate
or chloride which is #till more deliquescent than the oxalate
and the work is soon so wet that it will not bumn. Even
when mized in dry weather it should be proteted from
dampness by parafined wrappinge or otherwise.

In cutting the paper for a |3 minute parade to
X" diameter and 18" long cut 35 to 40 lh.pl.’.irlft paﬁr
o0 it will roll with the grain 18" in length and acroes
the grain 11", This will give four complets turns and
cause more vegular burning. Pamting the outer edge for
3 or 4 inches will be sufficient.

Capping and Matching Parade Torches.

A good method of doing this is ae follows:

Cut some cotton cloth into pieces about 2 inches square,
Cover them with pamte and bend them securely over the
tops of the torches as shown in sketch (Fig. 16a). Whenl
they have dried punch a hele about | inch deep through
the cloth and into the top of torch, with an awl about
#' diameter, into which insert the match. Thea make

Fig. l6a,

up somse thin priming of gunpowder, gum water and a
little alcohol. Place this in a squirt oil can with = large
opening in ita spout and. shaking frequently to prevent
it from separating, press out a drop or two at the point
where the match enters top of torch. If this is properly
done it will secuse the match in place and cause the

torch to ignite freely.
ALUMINUM TORCHES.

This beautiful piece of pyrotechny was it introduced
in parades by the author, with sensational results, about
35 years ago. A row of 12 men was placed at the
head of the line of march and with these all buming
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aluminum torches simultanecously there was produced the
effet of an oncoming avalanche of fre. For this torch
a case %' diameter and 16" long is used with a round
wooden handle &' long. They are mmmed and matched
much as other parade torches and a good formula is

Potassium perchlorate 13
Fine aluminum powder 6
Flake aluminum 5

I

Dextrine or hcopodium
A beautiful modification of this is the

RED and ALUMINUM TORCH.

These should be %' diameter 18* long and of the
following composition

Strontium nitrate 35

Potassium perchlorate 7

Shellac 4

Coarse flake aluminum 4

Lycopodium I
another formula is:

Strontum nitrate |

Sulphur

Mixed aluminum
Before ramming, this formula should be moiftened with
a solution of | part shellac in 16 parts of alcchol and
one part of this solubon used to every 36 parts of com-
posiion. As this mixture is somewhat dificult 1o ignite
it is mecessary to scoop out a htte from the top of torch
and replace it with darting foe as showm in (Fig. 17).

MerTing tire
‘I'-:E i E r,': F

STARTING FIRE.

Saltpeter 6
Sulphur flower 4
Fino charccal i

g

An aluminum torch of haretofore unheard of brilliance
and giving an illumination, in the | inch diameter size,
of what is eaid to be 100,000 candle power is made as
follaws:

Barium nitrats
Mized aluminum
Sulphur

Vaseline

—_No S

Rub the vaseline into the barium nitrate; mix sulphw
and aluminum separately: then mix with barium nitrate
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and vaseline. A Marting fre for this also is required, by rolling a light case es for lances. Cut the paper 2

as follows:
Barium nitrase
Saltpeter

Sulphur
Shellac

PORT FIRES.

These are small torches %" diameter 12' long, used
in exhibitions for lighting other pieces of fireworks. They
are rammed with rod and funnel and & good mixing is:

Meal powder |
Sulphur 2
Saltpetes 5 5
Charcoal I

Ship Lights and Distress Signals.
*“BENGOLAS"

Another form of torch is the Bengola or Blue Light
used modtly by shipe in signaling for pilots. They consigt
of a Mout paper case [|}{" in diameter and # long, 3*
nf which is compositon and ¥4' clay at bottom; the
balance being the socket into which the handle is htted,
(Fig. 18). They should be rammed quite hard; the nosing

- == Lab M

Figls.

should be of good frong paper secured around the match
with twine and the match should be piped where it
passes through the nosing. The HhAnished light should
then be painted with melted parafine so as to protect it
againt the dampness of the sea air. This is an average
formula:

Saltpeter 12
Sulphur 2
Antmony sulfid I

Ditress signals are the same except that they burn
red The regulation Life Boat equipment consifts of 6
or |2 enclosed in a water tight copper can. The follow-
ing formula is suitable

Potass: chlorate 5
Strontium carbonate 1%
Shellac |
Dextrine 5
TOY BLUE LIGHTS.

These are litile lights %" diameter and 6* long made

x 6, the 6 way running with the grain of the paper.
One end should be closed as for lances. Bunch sbout
200 into a bundle with string, all the open ends being
uppermodt when the bundle is ficod on end Now make
the following composition:

Saltpeter 5
Sulphur 2
Antimony sulfhd I
When thoroughly mixed place it on a large sheet of
frong paper previously spread on a fuim table. Set the
bundle of blue light cases alongside of the composition
on the paper, with the open ends up and pour a hand-
ful of composition om top of them. Shake the bundle so
as to make composition fall into the cases as much as
possible and repeat several times. Now with both hands
raise the bundle of partly filled lights and bring it down
on the table with a good blow. Repeat this sevemnl
times and then again the Anit operation of filling them
and pounding 'them on the table until all are well filled
when the ends may be tucked in with a dull awl

ROMAN CANDLES.

These are probably the mo#t popular piece of hre-
works made, from a sales point of view. Up o some
years ago they were made entirely by hand, that is, one
at a time. Then a combination rammer taking a dozen
at a time was devised And later the Candle Machine
which handles six dozen was perfedded To make roman
candles by hand. roll the cases as described and have
a lot of fiars of different colors ready. Then make some
candle composition as follows:

ROMAN CANDLE COMPOSITION

Powdered saltpeter 18 lbe.
Fine powdered charcoal U
Flowers of malphur 6 *
Dextrine i
Water 1 gallon

Afbkter all the ingredients are well mized and sifted
three imes add the water and mix again until the whole
lot is evenly dampened. Then force through a 16 mesh
sieve into cloth bottomed trays and dry in the sun.

>
- L

W p

Fig 19
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Now provide a ramming outit as shown in (Fig.19)
consifting of a pin block (b), a rammer (a), a composi-
tion scoop (c), a clay scoop (d) and a gunpowder scoop
(e). The various parts muf, of coarse, be proportioned
to the size of candle it is intended to make. Say you
will begin with an 8 ball. The pin of pin block mu#t

Suide bowrd

Pin ];Inh [

be X' diameter. The rammer, slightly smaller so it can
pass easily up and down the candle case which also is
X', The clay scoop should hold a level teaspoon full
of clay; the composition scoop, a heaping dessert spoon-
ful and the gunpowder scoop :hanr:ln be %' diameder
and %' deep. |t may be made from a .22 cal rifle shell,
if desired.

Now. place an empty case on the pin; pour in a
scoop of clay and ram it firmly with a light mallet.
Remove rammer; pour in a scoop of gunpowder on top
of which drop a $tar and ladtly. a scoop of candle com-
position. Rom with about six blows of a light mallet.
Remove rammer and pour in another scoop of gunpowder,
enother Mar and another scoop of candle composition,
repeating this until case ia filled to within 2" of the top.
Remove candle and finish as described under that head

Hand Combination Candle Rammer.
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Dbl of Shifting Beards. RAMMIN

e e -

S ER

This consifts of an iron pin plate (e), funnel plate,
iron (f), & wooden guide board (d), three wooden shift-
ing boards, viz: clay board (c), #tar board (b), and com-
position board (a) ns well as & gun-powder box (Fig. 23
and 24) and rammer (g). The condtru®tion of shifting
boards can be readily undenftood from detail sketch (Fig.
21). The pins shown in upper plates should be under.
#tood as being in lower plates. Otherwise slots would
become clogged with composition while in use.

The holes in upper board are of a size to contain
jult sufficient composition clay etc. for one charge (A).
This board slides a distance of about %" controlled by
pin (CD). When upper board is pushed back the holes
are filled and when ready to discharge it is drawn for-
ward s0 the holes are in line with the holes in lower
fixed board when the contents falla through funnel into
candle being rammed, (B). The gunpowder box is describ-
ed under "Candle Ramming Machine™ 5o it is unnecessary
to repeat its contruction. It is of course smaller then
the one for large machine and made of size to correspond
to pin plate otc. Finally there is the rammer (Fig. 21),
(g) consiting of eight fteel rods with compression springs
fitted through a wooden handle bar as.shown, with de
tail of whole at (H).

This apparatus is used for ramming one to four ball
candles and can also be used for serpents and saucissonas.

Place pin plate on some salid wood block or concrete
base; place guide board over pins o that the holes en-
circle the pins fairly; slip a candle case on each pin;
place funnel plate on top of assembly and raise guide
board s0 as to make cases center nicely,

Now, fll clay board, composition board and far board
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Place cday board over funnel plate 50 holes asre in Line
and shift, tapping bightly so that all clay falls out through
funnel plate and into candles. With rammer give 10 to
|5 #trong blows through each row of holes. Put on gun-
powder box and draw plate until a charge enters candles.
Then take Rar board place as was done with clay board
and shift See that all stars have entered candles and
put on composition board. When this has been discharg-
ed give about B to 10 blows with the rammer, not quite
as hard as for the clay. Now give another charge of
gunpowder. another board cf #tars and a second charge
of candle compaosition (if more than | ball candles) and
repeat until desired number of Mars have been used.

CANDLE RAMMING MACHINE.

The ramming machine herewith illufirated was de-
signed in Cincinnati and is used principally for ramming
roman candles from 6 ball to 30 ball but up to three
ounce rockets may be rammed solid with it and the
hollow center of rocket made by driving a spindle into
it afterwards as will be explained later. Flower pots
may also be rammed with this machine and the writer
has adapted it to making 3* cannon crackers at the rate
of 72 at a time. However, several sets of rammers of
different lengths and thickness are required for the differ-
ent sizes of candles.

The frame is of caft iron about 7 feet high: the up-
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right sides are %" thick with a V edge on inner sides
upon which the head block (A) slides. The rammer as-
sembly is faftened to head block by #iud bolts. The
guide board (C) is made of %' lumber and serves 1o
keep the rammers properly in line. This board is loose
enough to slip up and dowmn on the rammers while
machine is in use. The pin plate (D) rests on base of
machine and is slid into place from in front and retained
by short flops in the rear. Several of these plates also
are required, corresponding with the rammer assemblies
as above. The pawl (E) holds the rammens up while
the articles to be rammed are arranged below. When
all is in place and the hArit charge of clay (in the case
of roman candles) is in the cases an attendent pulls the
rope attached to head block, which serves to disengage
the pawl. The rammers are now lowered slowly untl
they enter the funnel plate. The rope is released and
as the rammer head falls it rams the clay in the bottom
of the cases. From 5 to 15 blows are usually required
to ram each charge.

If composition becomes so dry that it will not pack
firmly it should be dampened with a very little water.
The #tars should be hard and dry and free from ®ar
dust which can be sifted out by shaking ftars in & coarse
sieve. The foor of ramming room alsc should be kept
free from all accumulated composition etc. to guard a-
gain#t accidents frem fricion of the shoes or otherwise

[t should here be noted that when cutting the paper
for machine rammed roman candles, a thin V shaped
slip should be cut from cne end (a) of a sheet at side
neareft the operator when being rolled. The object of
this is to form a somewhat funnel shapped end to case
which materially assifts its ecasy ramming. This end
mudt, of course, be uppermodt when case is in machine
(s, b) (Fig. 16).

The funnel plate is made of caft iron one inch thick
and the other dimensions being the same as head of
rammer assembly., It is drilled with 72 holes in 6 rows
of |2 each corresponding with the inside of the diameter
of the candles to be rammed and spaced same as the
rods in rammer head. These holes are countersunk on

F_;'_g ] 3

Il

upper side of plate, to a depth of one third
of plate so as to give them the shape of a funnel while
the under side is counter bored somew larger than
the outside of the candles to be rammed., which slip in-
to these recesses and thus are held in place while machine
is being operated.

F
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This funnel plate is supported in the amming machine
by an adjuftable frame attached to sides of machine,
which permits it to be moved up and down as required
to ht the various lengths of cases to be rammed. This
frame is not shown in drawing of machine

POWDER BOX.

The powder box (Fig. 23 & 24) is made of brase
3/16" thick and its conftruction will be readily underftood
from sketch. The bottom consméls of three brass plaies,
each M' thick, drilled with 3/16" holes spaced at same
diftance as those in funnel plate. The holes in upper
and middle plates are 5" nearer the rear of the box than
the holes in the bottom plate, The upper and lower
plates are fixed but the middle plate moves forward and
backward %' When it is pushed back the holes in it
and the top plate are in line, s0 when the box is charged
with rifle powder, the holes in middle plate become flled.
When the center plate is drawn forward the holes in it
and these in the bottom plate come, into line and the
litle powder charge in each hole falls cut into the roman
candle below it Detail at (Fig. 24) (b).

L T o——
-

Fl‘-li

To facilitate the use of this box it is placed on the
adjuftable stand (Fig. 25) whereon it can be raised to
the desired height for the work in hand. This dtand s
made of light lumber and preferably on rollers so it may

be moved into position and out of the way, as desired
between charges.

The shifting boards follow the same principle as
illuMtrated in hand ramming machine relative to arrange-
ment of holes elc. but are of a size 10 fit other parts
of big machine. Boards of different thickness must be

provided so as to hold the required amount of compo-
sition for the diflerent sizes of candles rammed The holes
in ftar board should be slightly larger than the ftars so
as to permit them to fall through easily when in use.
The #tars for roman candles should be somewhat longer
than their diameter as this makes them easier to fall in-
board.

to place when 6lling a shift

PYROTECHNY

To fill these boards, a scoop of composition or a
handful of #tars is thrown on top of it; the board is
shaken until the holes are evenly flled and the surplus
allowed to slide off into the composition or #tar tray, By
using boys to keep the extra pin plates and shifting
boards flled as gquickly as Fmdud. and others to remove
the loaded candles, & very large number of them can be
loaded in a day, by one michine. A pin plate of candle
cases is alipped on 1o the base of the machine the funnel
plate is lowered on top of it the guide board is raised
causing the ends of cases to enter the funnel plate which
is fadtened in place by eet screws or thumb belts on
sides of frame. The rammer head is allowed to decend
sufficiently to see that all is clear. It is drawn back up
into place and a shifting board of clay slipped over and
its contents discharged into the candles, a slight jar be-
ing given to assure all holes of having emptied. The
rammer head is now dropped some |0 or 12 times to
set the clay, and withdrawn to its original position. The
powder box is now slid across funnel board and by pull-
ing handle of center plate a charge of gunpowder enters
the candles. Alfter removing powder box a board of #tars
is shifted into the funnel plate. Care must now be used
to see that all #tars have slipped through funnel plate
into candles. Now a board of composition is discharged
the same way and the whole rammed with about 8 to
10 blaws. This operation is repeated as olten an the size
of candle requires. When last charge of composition has
been rammed the pin plate of candles is removed. un-
loaded and rehlled with empty cases while another pin
plate of empty cases has been slipped into its place in

machine.
BATTERIES.

A very efletive piece of fireworks (Fig. 26) easily

Fig.né

made by taking a wood box about two inches longer
than the candles to be wused and filling it with about
three dozen 8 ball or 10 ball roman candles. The space
above the candles in the box is to be filled with a few
scraps of match, one piece allowed to hang over the side
and a piece of cardboard nailed over for a top.

BOMBETTE FOUNTAINS.

These are an effe@ive combination of candles and
floral shells packed in a large box as shown in (Fig. 27).
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All are lighted at once by scraps of match in the top,
but the floral shells are matched s0 as to fire aliernately,
one at a time as shown, during the burning of the candles.

Another intereting use for roman candles is in the
so called union battery (Fig. 28) which consifted originally

of one battery each of candles containing whites, red and
blue stars. It is however, now used effectively with candles
of varigated #ars.

BENGOLA BATTERY.

Fireworks displays are often étarted with a row of
vari-colored lights or bengolas set about 25 feet apart in
front of the set pieces. When these are supported by a
fan of candles or gertbs a very effective display is pro-
duced. The bengolas are lighted firt and when they
have burned half way, the candles or gerbs are lighted.
(Fig. 29)

SKY ROCKETS.

Next to roman candles. these are perhapa the modt
popular article of the pyrotechnical craft and on good
authority, secem to have antedated the candle. So much
has been written about sky rockets that any general
description would be superfluous. The French, in partis-
ular, have left a moft detailed hiftory, sometimes amusing
in view of present day conditions, regarding its manu-
facture.

Suffice to say that the rocket consiits of a tube of
paper. rammed with suitable composition, its lower end

ko
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choked to about one third the diameler of its bore and
a hollow center extending upward though the composi-
tion to about ¥ inch of the top. A dtick attached to
the tube merves to balance it while ascending. Broadly
the composition of a rocket, that is the portion of it
which bums while it is ascending, should be seven times
its diameter, in length. Six sevenths is pierced through
the center while one seventh is sclid and acts as the
fuse to communicate the fire to the heading when rocket
reaches the highe#t point of its flight The tube is made
of good #trong paper. preferably three tums of hardware
on the inside with four or more turms of good #fraw-
board on the outside, but a good rocket case can be
made of heavy rag or building paper if properly rolled
with good paste. Choking the case and ramming in mold
has been practically discontinued

ALY

Fig. 3o

An average model for a 1 [b. rocket is given in
(Fig. 30) with » comesponding set of ramming tools in
(Fig. 31). The spindle is one half actual size while the
ramming tools are one third ad@ual size.

Good rockets should be uniform, all those of one
caliber ascending to approximately the same height and
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exploding at sbout the same time. Particularly is this
desirable in bouquets or flights of 100 or more fired simul-
tancously, else a #iraggling effect is produced

t ‘ l ‘ !
8 Rkt Ramming Tocks.

Moft rockets larger that 3 oz. are ammed singly or
by gang rammers as shown in sketch (Fig. 32) but hy-

draulic rammers are aleo in use. See Military Pyrotech-
nics, H. B. Faber, Vol. 2 pp. 39.

Lhids Mol
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The gang rammer is quite eficient and one man can
get out a large number of rockets in a day with it. A
shows the spindle block; B is the guide board for assit-
ing to get the ends of cases into funnel piece C. D
shows a set of rammers while E is the set of scoops
for charging the entire six cases at once. It is casily
made by cutting brass shotgun shells in half and solder-
ing them to brass rod as shown. Details of funnel picce
and hollow pin rammer used in setting top clay charge
are shown at F and G respectively.

1 oz to 3 ox rockets are mmmed sclid on the candle
machine or otherwise and the hollow center is made by
driving a #teel spindle into them afterwards. These must
have their lower ends choked as explained on page 41.
An efficient way of doing this is to get s mortising
machine and replace the chisel with the spindle as above.
A V shaped block is set on table of machine, in such

222

2YROTECHNY

a position that when a rocket is placed on it, it will be
in juit the nght positon for the spindle to enter it A
ftep on the pedal of mortising machine will force the
spindle into the rocket and make the necessary hollow
center.

To ram rockets from 4 to & oz. singly the case s
slipped on the spindle illustrated under sky rockets; a scoop
of clay is shaken in and rammed by about eight good
blows of the mallet on the longedt rammer. Then a scoop-
ful of composition is rammed with about eight lighter
blows. This is repeated untl the case is filled to within
inch of the top, shifting rammers as it becomes
to use shorter ones. Now the final charge of
put in and the hollow pin rammer used This
clay while leaving an opening for the fire to

3
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reach the heading. Care muit be taken to see that the
hollow tube juft pierces the cday. If it does not go
through, the heading will fail to fire; if it goes through
too far, heading will fre prematurely or rocket iz hable
to blow through before rising.
The following are good compositions for rockets of
different sizes
lto3oz. 4w8Boz. Jiodlbh 4wBlh
Saltpeter 18 16 16 18
Mixed coal 10 o 12 12
Sulphur 3 4 3 3

If rockets burit add more coal: if they ascend too slowly
add more salipetes. For the smaller sizes use fine coal

for the larger ones use coarver coal in proportion to their
diameters. 4 Ib. to 8 Ib. rockets use granulated salipeter.

All rockets larger than 3 oz. are provided with a
cons to contain the heading. These are made as follows:

SKY ROCKET CONES

Turn out a cone former on the lathe, of a shape
somewhat as shown in Fig. 33. Cut some #iff paper
to the shape of one third of a circle, the radius of which
for a | lb, rocket should be 3 inches. Lay it on the
table before you with the round side toward the nght

3

Fig. 83

Page the straight edge farthe&t from you and place the
formes on it with the point toward the left and about
%' from the point on the paper where the two @iraight
edges meet. Now roll it around the former commencing
u‘iﬂ:h,llu unpafled odge. When finished slip off former
to .

HEADING ROCKETS
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Prepare a board with holes through it about 14" in
diameter and raised from the table about 3' as shown
in Fig. 34. Place in these holes 2 number of the cones,
point down, and fll them about half full of #ars gold
rain elc. Also a little meal powder and charcoal or candle
composition. Apply gum to the upper edge of a rocket

and dtick it into one of these cones. Raise carefully out
of the hole and press cone evenly in place. The rocket
may now be wired to dick and is n-id;r for use. In
the case of shelf goods the rockets are of course papered
and matched before attaching cones.

SHORT STICK ROCKETS.

These are the same as long #icks except that a frick
only ¥ the regular length is used, on the bottom of which
a2 wing or tab of cardboard is attached (Fig. 35a). Cut
a piece about 3' long, 14" wide at one end and 34
wade s the other. Smear a linle dextrine on one end

Fig 35 a.

of #ick, place the tab on it large end down and drive
s 2 oz. tack through it in the middle. When dry it is
ready for use, These rockets are much easier to camy
about but require more care in fring to get them ftarted
fraight

The one illuftrated at right (Fig. 35s) has no #ick
at all, only four wings, upon the ends of which it redta

when lighted.

When the bottoms of brass rammerns become wom
from use. they may be reconditioned by battering them
until they are again full sized on the ends

There are a great many of so called fancy rockets
in which the heading is net confined to a simple burit
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of ars ectc. but is supplemented by many other beaun-
ful effects, some of which will be described here while
the ingenuity of the pyrotechnift must be relied on for

WILLOW TREE ROCKETS.

These are made by filling a large rocket head with
pieces af Japanese Star and a weak burfting charge. If
the burfting is too ftrong many pieces will fail to light

Prize Cometic, or Shooting Star Rockets.

These are prepared by placing 4 or 5 four ounce
rockets, without dticks, in the head of 6 |b. rocket be-

sides a handful of box ftam. A few #| fars are also
placed in the top of each of the 4 oz rockets with a
pinch of gmain powder, and well capped

GOLDEN CLOUD ROCKETS.

For these the rocket head is flled half full each of
gold min and sluminum #@ars. The weight of the con-
tents of a rocket head must be proportioned to the size
of the rocket. A heading of heavy dtars mut be smaller
than one of lighter materials,

BOOM ROCKETS.

Have one or more small maroons in the head be-
sides a few fars.

ELECTRIC SHOWER ROCKETS.

Made by flling a small head with electric spreader
or granite flars. As these are very heavy only a small
quanhty can be used

BOMBSHELL ROCKETS.

These have a small shell with very short fuse fagt-
ened to top of r with a few #tars in the head of
the rocket itself, which bum before the shell burfts.

WHISTLING or CALLIOPE ROCKETS.

The head of this rocket is flled with whiftles, made
as described under that caption. In addition, a few
colored @Rars are added.

LIQUID FIRE ROCKETS.

These are one of the mo@t beautiful pyrotechnical
effects known to the art Take a 3 lb. rocket and All
the space above the clay with. grain powder. Cover this
with a circular piece of perforated paper secured by a
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étrip of tissue paper. Roll on a head of about three tums
of #trong manilla paper, only pasted on the edge, about
6' long. Now procure some ficks of phosphorus and
cut them under water with a chisel into pieces about 3*
long. Get some ¥ Ib. tin cans, punch a number of holes
in the bottoms of them and fill with the pieces of phos-
phorus, conducting the entire operation under water. When
ready to fre the rockets remove one of the cans from
the water, allow to drain for a few seconds, empty con-

tents into one of the rocket heads tuck in and fire at
once. Creat caution must be observed owing to the dan-
gerous nature of the phosphorus.

PARACHUTE ROCKETS.

To successfully launch a parachute from a shell or
rocket requires the greateft care and skill, besides patient
attention to every detail or the light fabric will either fail
to unfold or be torn or bumed in its exit from the tube
in which it is placed To begin with procure some very
light Japanecse lissue paper; cut into spuares about 18
inches each way and rub thoroughly with powdered soap-
ftone.®* Cut four pieces of ftout linen twine or shoe-
makers thread about 18" long. Twift the comers of the
tissue squares a little and tde a thread to each. Draw
the other four ends of threads together and tie them in
a knot. The parachute is now ready to fold. In one
hand take the knot where the four strings meet and in
the other take the top of the parachute by the center.

Draw the hands apart until the paper folds together and
lay on the table in front of you. Straighten out the four
folds, two each way, and fold them again laterally toward

*Ready made parachutes may now be purchased from #tock.
the center about five or six times like the bellows of an
accordeon umtil the pile is about 1 inch wide. Now roll
this up lightly beginning at the small end or tip until
you come to the #trings, then wind the four firinga, also
lightly, around the bundled parachute until it will just
about fit the rocket head for which it is intended.

For making the light ram a short case ' diameter
and 1' long with box #ar comiposition. Prime one end
and #top the other with clay. Over clayed end glue a
cardboard disc slightly smaller than inside diameter of
rocket head, having firft pessed a wire through the case
under the disc so as to form a loop on expoaed size as

shown, (Fig. 35). Pass about 18 inches of #tout Linen

twine through the wire loop and te the other end to
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the knot on the parachute where the four strings come
together. Roll a piece of naked match about 18" long,
into a bunch and place it in the bottom of the rocket
head for a blowing charge. On top of this drop the
primed end of the parachute light and over it place a
small wad of cotton waste and a little cotton hulls or
bran. Now slip in the parachute around which the ftrings
have been lightly wound. Fill all around parachute with
bran and secure the top of rocket head very lightdy so
the parachute will be thrown out when discharged, with
the leat possible effort.

CHAIN ROCKETS, (Caterpilars).

If you have succeeded with parachute rockets you
may now attempt this modificaton of the above which
is infinitely more dificult but their great beauty compen
sates for the trouble required in their preparation. A para-
chute several imes larger than the firf® descnbed is made
in subftantially the same manner but preferably ocdtagonal
with the separate pieces sewed together. Inftead of one
light, a dozen or so of different colored lights are attached
to it This is called the chain and to launch it success-

fully from either rocket or shell is about as dificult a
proposition as the pyrotechnift is called upon to execute

For the lights composing the chain ordinary lances
may be used. To a 4 |b. rocket take 12. Procure a
#trong linen twine about |8 feet long. To this attach
the lances at intervals of about |% feet, by taking two
half hitches around the bottom ends. (It is beft to make
special lances for this purpose, hlling the fust ¥ inch at
the bottoms with clay). When all are fafiened, tie one
end of chain to parachute and at the other begin to wind
up the slack between the lances. Wind each lance with
the slack between it and the next one to it, winding as
smoothly as possible without lapping the twine anywhere.
As each one is wound lay it againft the other one before
it until the 12 are in a round bundle. Then take a few
tuns around the entire bunch on upper end, so as to
hold it together. At the bottom end of bunch take two
turns of light cord not more than % inch from the end
Thia is to hold the lot together until the hights all take
fire when this cord bums off and chain unwinds in the
airr. A cardboard wad fiting easily in the rocket head
and with a hole through its center is placed on top of
the primed ends of the bunch of lances and a piece of
match passed through the hole in same s0 as to touch
them. This may be fadtened in place with a small tack

or two.

Now prepare the rocket head for the reception of the
chain, as directed for parachute rockets, by placing about
2 feet of naked match in bottom of head for the blow-
ing charge. Slip the bunch of lances on top of this with
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another paper disc, through which line runs, aver it. Put
in a good wad of cotlon waite, then the parachute care-
fully folded as described and pack with bran. Now cap
the racket head as lightly as poseible and if all directions
have been carefully followed, the chain will be likely to
come out successfully. A few trials, however, ere gen-
crally necessary. Sometimes four light fticks are inserted
in rocket head alongside of the parachute the lower ends
redting on a ftout wad under the bunch of lances and
the other ends againft top disc over parachute. This is
to keep parachute from being injured while being expelled
by blowing charge.

BOUQUET or FLIGHT of ROCKETS.

These are made by fring a hundred or more rackets
at once from a specially prepared box. Take three boards
of %' lumber, 12* wide and 4 feet long: clamp two of
them together and with a ¥*® bit bore 5 rows of holes
2 inches apart and beginning 2 inches from the sides

and ends. This will make 100 holes through the baards
(B). Now make a box, the bottom of which is made of

one of the boards with holes through it as shown in

(Fig. 36) (A). Attach four legs 10 the box, about 4%
feet long. At 14 feet from the bottoin secure the other
board with the holes in it, (B) so that a rocket passed
through m hole in the box bottorn may be dtcadied by
passing through comresponding hale in lower one. Fit the
third board (C) in the legs also, about 6 inches from the
ground to make a redting place for the rocket sticka and
so as to hold the bottoms of the rockets in box, about
one inch above bottom board (A) of box. This is to
permit the fire to reach ell the rockets imstantdy when
Aight is lighted

Flight rockets used this way need not be matched:
only primed and a little loose grain powder thrown on
bottom, inside of box and a piece of match passed through
a hole in side to fire it from is all that is required. If
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a top, covered with canvas, is Ated to Aight box, same
may safely be left in the rain until required Some pyro-
technifts make fights by Mringing rockets in a row on
slats provided with nails to hold them apart but the effec
in much inferor. -

ROCKET STAND.

The bedt method of firing sky rockets is from a
wooden trough confiructed of two light boards, %' thick,

# wide and & long. These are nailed together so as to
form a gutter and supported by two legs. If the boarde
and legs are hinged us shown in Fig. 37 the mough
may be folded and eanly carried sbout

TOURBILLIONS.
(Geysers, Whirlwinds, Table Rockets)

This is & modification of the sky rockel and rscends
to a height of about 100 fcet, in a spiral manner and
without s #ick. They are made by ramming & 3 lb.
rocket case with one of the following mixtures:

Saltpeter 8 5
Meal powder 7 12
Charcoal 2 3
Sulphur 2 3
Steel filings 3

Both ends of the case are stopped tight with clay.
Four holes are bored in it, 4" diameter. Two are bared
into the bottom, 3" apart or 14" each way from the center

and one hole on each side, 1" from end and opposite
to each other as shown in sketch (Fig. 38). A piece of

Ful ‘.

curved #ftick, as long as the case is nailed to the bottom of
case, concave side down exactly in the center and at right
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angles with same. The holes are primed and while ®ill wet
it is matched by lacking a piece of quick match to one of
the bottom holes, passing it to the neareft end hole; then
over the top to the other end hole and fnally o the
other bottom hole. A small hole is now made in jhe
match pipe as it passes over the top of case, jult in the
cenler, into -which a short piece of naked match is slip-
ped for lighting. To fre a teurbillion it should be laid
on a wide board or smooth suface Mick down and
lighted with a long porthre

Small tourbilliens are sometimes made by boring only
two holes in the under side of case, at an angle of 45°
from the perpendicular, but thaose with four holes, especially
in the larger sizes are safer and more Lkely to funchon.
They may also be matched by using naked match all
arcund and afterwards covearing the whole lourhbillion with
tissue paper pafted and pressed closely to same. Large
touwrbillions are sometimes further beautifed by placing a
few #tars in the ends of the case, outside of the clay,
boring a amall hole through same and securing over top
with Mrong peper and & wad A linle meal powder is
put in with the #tars and when the towbillion reaches
its height, these are thrown out with fine effea.

FLYING PIGEONS.

This amusing piece of fAreworks is easily made in its
simplest form by securing two rockets with their open-
inge poinling in opposite directions, o an empty casc as
shown in Fig. 39 (a). The rear end of one is conneded

*!

by a plece of match to the front of the other. A piece
of thin rope or telegraph wire is #tretched between two
pofts about 20 feet high and 300 feet apart One end
of wire is previously slipped through the empty case form-
ing the middle of pigeon. On lighting the firft rocket
the pigeon will run along the line until the other rocket
lights when it will return to the Rarting point

A more elaborate form of pigeon (b) is made by
procuring a frame as shown. This consifts of & vertical
wheel frame with a heavy slotted hub. A row of 4
wheel cases arc fadtened to the rim and four | |b. rocketa
are secured to the long slots in hub, two pointing each
way. The pigeon #farts with one of the wheel cases,
the rear end of which is conneded to one of the rocketa
This in turn is matched to the second wheel case and
that to the next rocket, pointing in the cpposite direction,
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and sc on to the ladt rocket

English Cracker or Grasshopper.

Cut some good 20 Tb. 24" x 36" manilla or kraft paper
into dtrips 4" wide and 12" long. If cut with the grain
of the paper as it should be this will give 18 cuts from
one sheet. Roll them into short tubes as directed for

match pipes, getting the np:nipa at one end, somewhat
larger than that at the other. This may be done by roll-

ing a V shaped #trip of paper on one end of rod. When
a quantity of these tubes have been rolled close the
smalle®t end by twisting or folding it over, Dry them
in the shade and put about 12 dozen in a bundle, all
the open ends one way. Stand the bundle on a large
sheet of paper with the open ends up and pour FFF
rifle powder on top of it until all the tubes are [ull Jolt
bundle cccasionally to be sure none are only partly flled
the bottom and wrap them llinlwettnwd.uﬁn.
aside in a damp cool place for several hows. A good
way is to take a long cloth, wet it well, spread the loaded
pipes loosely on-it and roll it up so that each pipe will
touch part of the wet cloth as they should be moitened
through but not wet before proceeding further. When this
condition has been reached (on which the whole success
of the operation depends) run them through a clothes
wrnnger or other roller so that they will be somewhat
Aattened. The exa amount of fattening can only be

found by experimsat

Now take a piece of wood, say I* thick and # wide
by 18" long. Notch out a piece as shown in Fig. 40
%" wide and &' deep and procure a dozen pieces of
#iff wire 4 long. Lay the lower ends of a half dozen
of the damp pipes across the bottom of the notched

eSETTT-
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board which has been famtened in an upright position to
a bench. On top of these and again®t one side of the
board lay a wire and bend the pipes across over it untl
they now point in the opposite directon. Lay another
wire as before but on oppasile side and repesat the ope:-
ation until the entire length of the pipes have been folded
up. Then take = bar of wood shaped as shown in sketch
and, holding one end in each hand press the folded pipes
down as hard as possible so as to have the tums well
formed. Now lift out the folded bunch, wires and all
Remove wires, fold bended pipes. one by one in the
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hand and with linen shoemakers thread secure them by
wrapping half a dozen turns around the folded pipe and
finally pass a few turns between the folda. Stnp off one
engd so the powder is exposed and prime it with a litle
wel powder or match it or the end may be twisted up
with louch paper. made by costing unglazed- paper with
s solution of saltpeter, before folding. When dry crackens
are frmished.

In this country a cruder form of cracker is made by
taking suitable lengths of covered match, damping and
folding it like the crackers described. tying and leaving
a short piece of match protruding for lightung it

PIN WHEELS.

For making these proceed jufl as described for English
Crackers except using the following composition inflead
of gunpowder for loading them:

Meal powder 10 8 2
Fin:: grain powder 8 5 8
Aluminum 3
Saltpeter 14 4 16 |
Steel hlings 6 6

Sulphur 4 | 3 I
Charcoal 3 | 8

When they are dampened and rolled out punch out
a lot of round pieces of #60 @rawboard, with a hole
through their center. Then get & piece of brass, the same
size as the cardboard centers and faen it 1o the work
table. Lay one of the centers on this brass plate and
taking a flled pinwheel tube press the smallest Sat end
again®t its edge and twisting it mround disc with the
right hand while left hand feeds the tube as it is being
wound on, continue until all the tube is rolled around
the center. The brass plate should be half as thick as
the hAnished pin wheel so the cardboard center will be
held jut about in the middle of the pinwheel while it
is being twifted

Now have some boards prepared with frips of wood
H' square, nailed on them, the same diftance aApart as
the width of a pinwheel when it is lying down. When
the wet pinwheel is twifted up as above, Lift it of the
brass plate and sct it between two of these firips on the
board 80 as to keep it from untwisting and with a brush
pjatn&updﬂu-m&-pipulndmdmmln’
disc, at four equidiftant points. When they bave dried
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they may be removed from the boards and are ready
for use. (Fig. 41).

SERPENTS or NIGGER CHASERS.

(Squibs)

Theee are light firong cases, 3' 1o 5" long, crimped
at one end and charged with a sharp composition, firong
enough to cause them to run around on the ground or
in the air while burning. They may be made from # 140
frawboard, heavy manilla or rag paper and crimped
while @ill wet. (Fig. 42).

Fag.el

They may be rammed singly with rod and funnel or
in batches of 72 at a tme with the hand combination
rammer, q. v. Allemates compositions are

Meal powder 3 3
Seltpeter 2 5
Sulphur | i
Mixed ccal 14 M
FFF grain powder 4 3
SAUCISSONS.

These are very mumilar to serpents but somewhat larger
and always end with a report The usual length is 34°
with a diameter of X' to ¥, mwlled and cimped Lke
serpents though with a heavier case

For ftock work a paper mortar is made by rolling
six or eight thicknesses of heavy #rawboard 12" wide
around a former 24" diameter. A wooden bottom is htted
and & mine bag made as described under MINES. The
saucissons are placed in same with blowing charge, around
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a 10 ball roman candle from which the bottom clay has
been omitted. This is placed in the paper mortar with
a daub of glue on bottom of bag. A top is hlted as
for mines and when papered and #triped. is ready for

the market
MINES.

These are small paper guns from 1" to 3" in diameter
in the bottoms of which are placed small bags of fars
powder etc. which are fired by a mine fuse or roman
candle in which the charge of clay has been omitted
and replaced by one of candle composition. The bottoma
are turned out of wood The tubes are made by tighdy
rolling six to twelve thicknesses of #rawboard, sround a
suitable former. Following sre approximate sixes:

AUMBEA HOGHT DIAMETER NUMBER OF STRAWNOARD
I & 14* | sheet # 140
2 43 13 1 = =120
3 5" 2" 1 = ¢ 100
+ ks 25" 2 * «100
5 8" 2K 3 “ sl
6 10* 234" 4 “ #|00

No. | mines take a | ball mine fuse: No. 2 mines a

2 ball fuse fuse ete

The mine bags are made by boring a number of
holes into a thick board; (for #! mines, 1%"' diameter
and 1%" deep). Then make a punch with rounded edges:
(for #] mines, |" diameter) and over this press a piece
of ftout paper (about 4" square) closely around end of
punch and shove it into one of the holes in the ‘board;
remove punch; insert & mine fuse and around il put a
half once of ftars and a teaspoonful of blowing charge.
Squeeze loote ends of bag around fuse and secure with
a piece of Miring or wire. Now daub the botiom of bag
with a litle dextrine or glue and insert it in one of the
paper guns into which a bottom has been previously
glued A top is now necessary. This is made by adjum-
ing an ordinary washer cutter to the requisile size so as
to cut a picce of Myawboard with the outside diameter
of the gun and center hole of the size of the mine fuse
When this is slipped into place over the fuse it is secured
by a square piece of paper, an inch or two larger than
the top of mine and with a hole punched in the mid-
dle with = wad cutter, to fit over mine fuse. Pafle and
press closcly about the top of mine and when dry same
is ready for use. For #tock work they must, of course,
be papered and friped, packed and labeled. Mines of
saucissons are made by subdlituting saucissons for the

Fid. .
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DEVIL. AMONG THE TAILORS.

These are made by taking a large short mine case
and filling tha bag with tailed ftars, serpents and English

Fig-ns

crackers. Besides the central candle for finng it, four more
candles, one at each corner on the outside of gun are
fastened and connected sc ns to burn at same tme

(Fig. 45).
ANGLO JAPANESE MINES.

These consit of a #6 mine case conlaining s bag
filled with colored #ars and Japanese or Willow Tree
dtars. Elefinic Spreader ftass with crackens alsc make &
handsome mine The various effects are almo® unlimited
and the genius of the artificer will suggest other combi-

nations
Fountains, Flower Pots and Gerbs.

These are all modifications of the same principle which
is a paper tube or case varying from %' diameter to 2*
diameter rammed sclid with one of the ecompositions to
be given later.

FOUNTAINS.

Are usually from 1* to 1%"' diameter and 12° long
with & wooden point in the lower end 30 they can be #tuck
in the ground for firing. A quarter ounce of rifle powder
is sometimes placed after the latt charge of composition
and before the clay, both in fountains and gerba sc as
o have them fnish with a report or “bounce”.

are then called FLORAL FOUNTAINS or PRISMATIC
FOUNTAINS. There is however, some danger in ramming
#lars containizlig chlorate of potash with compositons con-
taining free sulphur and this may be avoided by using
compositions free from chlomate, such as granite ftan,
copper borings etc. or perchlorate compounds.

Cascade cases are used for water falls and such
designs where the fire is required to fall considerable
diftances to the ground. They are usually from 14" 1o
2* diameter and 12' long. Where this piece is to be
often repeated as at Fairs, iron tubes 2" inside diameter
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are sometimed used as these are dtronger and can be
cleaned with kerceene after using for repetition. Where
Niagara Falls is shown this form of case is in general
wie as it saves the rolling of 200 to 300 large cases for
each display.

FLOWER POTS.
S>> *

Small cases, choked, %', X' and ' diameter and from
5* to 10® long with & woodea handle in end provide a
pretty piece of fireworks for use by ladies and children
When properly made they are perfecly safe to fwe from
the hand but this fact should be assured by Arit fArning
a few by dticking them i the ground, to sec that the
charge is not sufficientdy @roag to burkt the case. The
lampblack in these produces a peculiar effect not entirely
underftood

k might be well o manstion that when ramming gerbe
etc. it ia advisable to begin with one charge of farting
fre especially where the cemposition containg steel, as
they not only somectimes miss fire but there is alsa the
likelihood of driking fre by samming feel flings againg

a metal nipple
GERBS.

These are used for all set pieces where brilliant effects
or jets of Are are desired They should be about ¥*
diameter and 9 long. When #fteel flings are used the
fteel should be hr&t proteted q. v. as the saltpeter cor-
rodes the Alings which affects their brilliancy. They are

a3
B
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rammed like rockets but on a short nipple without central
spindlee.  Use the following formula.

STARTING FIRE FOR GERBS
Meal powder 4

Saltpeter 2
Sulphur |
Charcoal |

GEREBS.
Meal powdes

Saltpeter
Sulphur
Charcoal
Steel Alings

Meal pnwdﬂ
Granulated saltpeter
Sulphur
Coarse charcoal
FF rifle powder

6

2

1

|

I
FOUNTAINS.

5

3

!

|

X

[v.4
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FLOWER POTS.

Saltpeter 10
Sulphur 6
Lampblack 3
FFF rifle powder 6

CASCADES.

14" case 2" case

Cranulated saltpeter 18 6
Mixed charcoal 3 4
Sulphur 3 3
lron borings 6 7

WASP LIGHT.

This contrivance a very effective and safe method of
deftroying the ne#t of wasps, homets otc. The skeich
iludtrates the method of using same and the following

composition is satisfactory.

Saltpeter 9
Salphur 14
Charcoal 5

Where it is not practical to attach the light as shown,
a long pole may be used. Tied to the end of a Ashing
rod and brought in contaét with a ne®t it will destroy
it without danger to the operator as the buming com-

position completely demomlizes the insects who make no
effort to fting.

The case should be about ' diameter and 5' long
rammed on a nipple like a gearb. (Fig. 49).

REVOLVING PIECES.
Triangles.

These aze made in twa forms, (Fig. 50) (a) consiss
ing of a small six sided block with concaved groves on
three of its edges’ into which small choked cases are
fadened, either by glue, wire or nailed: and (b) consigt-
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ing of a trangular block on each side of which a serpent
is fatened. The serpents must be rammed full and primed

A

'l

at both ends. except the la® one. A pizce of paper is
pafted over the joints where the rwo ends meet, of second
and third cases and fu#t one is matched with a small
piece of match for lighting. The blocks have a hole
through their center for the nail on which they revolve.

In making the larger tiangles (a) take 3 small choked
cases }§' diameter. Ram two of them with triangle com-
position ta within %' of the end: then #op ends with
of same composition moiftened with dextrine water
ram tight with solid mammer. The third case should be
closed with clay. Now cut papering 2' longer than the
case and cover in the regular way. Into the choked end
after priming, twift a piece of match 134" long, except
the Grit one where a shorter pisce will suffice. Fafien
them to block as described above, firft the one with clayed
end. then one with both ends open and fnally the one
with short match. [nsert match of third case inlo nosing
of second one and match of second case into the frit

and secure the joints with pafted tissue paper.

VERTICAL WHEELS.
Mhyhlmmlll to 8 driving cases o a wooden
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Ram two cases ¥' to %' inside diameter with a érong
compasition, closing both ends with clay and gluing them
to a block as shown. Holes are bored %" diameter and
just through case, as near to clayed ends as possible
at right angles with the nail hole in center of block
nlwhnhulanuﬂrﬂnlvl. These holes must, of course
A piece nl match is htted mm one

‘E

whu:h lnd saxons lﬂl'-'l}'

proceeds. The Arft case
plain driving composition; the second
: the third with granite ftars etc.

Triangle Composition
Saltpeter 18
Sulphur 2
Mixed charecal 5
Rifle powder FFF 12

Wheel Cases (Drivers)

Meal powder 8

12
8
3

12

:_-——W

- D

Mixed charccal
STARS.

This subjet covers probably the mo# comprehensive
division of the art of Areworks making. Besides the end-
less vanety of colors, effects etc. we have the cut far,
box far, pumped &ar, candle ftar etc. Nearly all ftars
are made by dampening the composition with water (if
composition contains dextrine) or alcohol (if it contains
shellac) and pressing the caked mass into Littdle cubes,
cylinders etc. by the various devices to be described.

CUT STARS.

These are the simple#t form of flars in use. Secure
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some oak wood #irips |* wide and X' thick, dressed
and from these make a frame about 12° wids, 18* long
and ' high inside measurements, when lying down. The
coners should be sccured by halved joints, glued and
fastened with small wire nails, clinched. Also provide a
rolling pin about 2' diameter and 15' long. Now take
any one of the formulas given for cut or pumped #ars
and moiften it rather more than for use with pump. "The
modt convienent way 10 moiften any, composition is to
have a large dish pan or small wooden tub into which
the composition is put while water is added little by little,
working it in by rubbing the dampened portions between
the hands untl it is evenly moiftened and a handful,
frmly squeezed retains its shape

Lay a piece of fiff cardboard on a marble slab, dun
it with dry composition and lay on it the above men-
tioned wood frame. Fill frame heapingly with the damp-
ened composition and press it down Ermly with the roll-
mg pin, leveling it of with a sliding motion so it 1s
flush with the top of frame. Now, with a ruler and =
table knife score the composition in each direction at a dis-
tance of 34" apart, so as to cut it into cubes. This is facili-
tated if the frame has been previously marked at 3" intervals.
Make a cut around the inside edge of the frame so as
to locsen the étars and carefully remove it. The batch
may now be placed in the sun to dry. When throroughly
dry the cubes may be broken apart for use,

On account of the eane with which these #tars ignite,
owing to their sharp corners, they are particulaily adapted
to rockets, small shells etc. where smooth #tars are liable
to miss fire. If larger sized @tars are desired a hame of
4" material or thicker may be wsed

JAPANESE STARS.

This beautiful effe is made somewhat similar to the
above. The Ereal difference between the buIEr Il.mp—
black and the compa@ potash makes it quite difficult to
mix them thoroughly and this is particularly neceasary
to, obtain good results. Furthermore it is hard to get
lampblack to take up water. [t is therefore necessary

firdk to moifken it with alcohol when it will take the watde
more readily. The method which | have followed with

be#t succoss s as follows;

#l w2
Lampblack 12 oz, 6 ozxs.
Potassium chlorate a - 4 -
Saltpeter P
Water 8 = E
Alcohol 4 - 2
Dextrine |
Cum ambic ¥-

Mix the dextrine and salipeter (formula 1) well together
and add sufficient water to make a gummy ligud Beil
the balance of the water and add the chlorate of potassium
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the lampblack in a large pan and pouwr the
er it working it in as well as possible Now
the chlorste of potassium disolved in the hot wate
with a @ick untl cool enough for the handa.
Lattly add the dextrine and salipeter. Remember that
you cannot mix it too well and the effed will be in
proportion to the evenness with which this has been done

Take some picces of light canvas or ticking about
1.4 square and put one or two handsfull of composition
onto it spread it about an inch thick in center of cloth,
folding same over it, and place under a ftrong press of
some kind. Fold up another cloth of composition in a

bedt results ndltllwmhwk
lh“ﬂ“ﬂ“ﬂﬂlﬂdhﬂlmlhh&lﬂ
all volatile impurities are expelled You will then have
one of the mot beautiful effects of the entire Areworks

In recipe #2 the potase and lampblack are sifted
soveral times; add alcohol; then water in which
has been disolved and proceed as in recipe #1)

BOX STARS.

IE |

bl Y

Where the best and handsomest offie®s are required
this form of ®ar ia undoubtedly the mo@t adaptable o
the purpose. Firtt, they bum much longer than others:
second, they are less liable to go blind and furthermore
they will #and more blowing from » shell than any other
form of ®ar. (Fig. 54).

Make some light cases of about four thicknesses of
out manilla paper @ 10 12" long on & %' former. Cut
with a scissors into ¥' lengths. Cut some thin match in-
to lengths of an inch or a litde over. Pase a piece of
match through one of the little pieces of case or “pill
box", bend the ends slighdy around the edges as shown
in illudtration and dip it into a pan of composition pre-
viously dampened as desgribed bedfore. Then with the
hrt and second fingers of the right hand press the com-
position into it as frmly as possible until it will hold
no more Dry in the sun for two or three days

PUMFPED STARS.

E=10

Slar -
o T
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as one by hand pump. i
by reference to (Fig. 55). The #andard sizes of fams
are about as follows:

#1 el #3 4
4" diam. 5/16" diams %' diam 116" diam.
' long 7116" long ¥' long 9/1€ long

Consequently the plate for making a #| &ar mut be

FYROTECHNY

tofore described, and empty same on a mather high work
table previowsly covered with a square yard of rubber
cloth. Press the plate (a) into same until the compasition
comes up through the holes. Then with the scraper knife
(b) work more composition down into the holes wuntl
they appear full Scrape off all surplus composition and

pumnp out the @tars. Care mut be taken o have
plate up when pumping or plungers
H the plate begins to work badly on
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3

Berrum chlorate 12
Potassium chlorate 8
Calomal 6
Shellac 2
Picric acid 2
Lamphlack 4
Dextrine oS
RED
(for hand pump: not suitable for Shells).
Nitrate #ftrontia 8
Chlorate potassium 4 10
FPiene aad 51 14
Shellac 1% tc1
Fine charcoal ] I
Dextrine “ ¥
Stoontium carbonate 3
Exhibition Blue Stars, pumped.
Potassium chlorate 48 18 16
Calomel 18 6 12
Black oxide copper 6
Asphaltum 6
Dextrine M I
Paris green 4
Stearine 2
Copper ammeonium chloride *
Lactose ]
*moiten with shellac solution
Silver Comet Star
Meal powder 22
Antimony Sulphide 5
Aluminum, fine 1
Aluminum, flitter 1
Dextrin 2
Gold Comet Star
Meal powder 16 16 24
Aluminum, fine 2Ya 1%
Aluminum, Bitter 3%
Sugar of milk Ya
Antimony 3
Sodium oxalate 2
Dextrin 1%

-l
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Barium nitrate 3
Potassium chlorate 4

Shellac | I
Dextrine 1

Barium chlorate o

Bhe

Paris green

Potassium chlorate 10
Potassium perchlorate 24
Copper Sulphate 3
Copper ammonium chloride 6
Shellac 2
Stearine 2
Asphaltum |
Dextrine S
Calomel 2

shellec, calomel and dextrine: then add chT::m ‘:ttl:
previously sifted alone. This ftar is only suitable where
it is to be used within a few weeks. In second formula
rub up the stearine with the copper ammonium chloride

in a mortar before adding other ingredients.

Potassium perchlorate 16

Plafter paris 4

Shellac 3
Yellow

Potassiura chlorate 4
Sodium oxzalate 2
Shellac ]
Dextrine M

FYROTECHNY
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Meal powder 7

Lamphblack 3

Black antimony i

Dextrine 1
Moiften with water; press into cakes, dry for one week
and break into pieces about ¥' square

SILVER SHOWER.

Saltpeter 50 I8
Sulphur 15 b
Red arsenic 15

Charcoal 10 13
Dextrine 3

Black antimony 6
Lampblack i

Moisten with water.

GOLDEN STREAMERS.

8 8 25
Oxalate sodium 4
2

e
Dextrine %

E

STEEL STARS.

Saltpeter
*Steel Glings
Meal powder
Charcoal
Dextrine %
(“reated with parafine)
Moiften with water.

YELLOW TWINKLERS.

Potassium chlorate 8
Lampblack 12
Stearine I
Saltpeter |

Moisten with alechol and shellae. Pump with hand pump

ELECTRIC SPREADER STARS.

The effet of these dtars is quite suprising. A small
pellet, no larger than a pea will spatter over an area of
15 feet when lighted. To make good eledric spreader
#®ars requires considerable care and judgement as damp-
ening toa much or too little greatly reduces their effe-
iveness.

Zinc dus 36
Potassium chlozate 7%
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Granulated coal 6
Potassium bichromate 6
Dextrine ]

Mix thoroughly all but the charcoal and dampen unal
quite wet. Then add coal and mix again and pump with
hand pump. Coal muft be all coarse from which the
fine has been sifted.

GRANITE STARS.

Saltpeter 14
Zine dust 40
Fine charcoal 7
Sulphur ris
Dextrine !

For shells and rockets, this makes a very good sub-
#titute for eleciric spreader #®am while being cheapes
and safer to handle It is moiftened until quite wet
preased into cakes X' thick, cut imto sguares X' each
way, thoroughly dried and broken apart

GOLD & SILVER RAIN. (cut stars)

Meal powdes 16 4
Saltpeter 10 ! |
Sulphur 10 |

Fine charcoal
Lampblack
Red arsenic
Shellac
Dextrine
Lead nitrate 3

Moiften with water and cut into squares %' each way.

I 2

ALUMINUM STARS. (box-stars only)

Potassium chlomte 8
Potassium perchlorate B
Aluminum powd medium 4 4
Shellac |
Lycopodium |

Moidten with shellac solution apd form into box &are
' long, X' diameter.
Saltpeter 5
Magnesium powder 2
Moiftien with linseed 0ill Owing to iy high cost snd
unstability magnesium has been almodt entirely replaced
by aluminum.

COMETS.
These are large fars about 14" diameter fired from
small mortars of paper. ln their simplest form they are
juit large pumped #ars. If the gum is 0¥ long a picce
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of quickmatch 16" long is bared at one end about I'
and at the other 5. Lay &t along side the comet star
»0 the 1" bared end can be bent over the bottom. Then
pafle a #@rip of paper 4 wide and 10" long and roll
this around the ftar over the match with the same amount
extension around the match with a #tring and into the

lower projection or bag put a half teaspoonful of coarse
grain powder and secure with a dinng also. Now drop

this in the gun and it is ready for use. Handsome =flects
are obtained by making half of the #tar of red ster
composition and the other half of #treamer composition.

A more ambitious form of comet is illustrated in
Fig. 56. This is rammed into & case as shown, while
the upper half, separated from the lower portion by a
diaphragm of clay with small connecting orifice, is filled
with small #tars and blowing charge. At the end of its
flight the @ars are discharged with fne effect,

AEROLITES.

These are made by placing a comet dtar st the
bottom of a short gun with blowing charge but no match.

Over the #tar is placed 2' of candle composition and
over this 1" of bengal fire.

COMET STAR COMPOSITION.

Saltpeter 6
Meal powder 6 3
Sulphur 1
Fine charcoal 3 |
Powdered antimony 3 I
Lampblack 2

PYROTECHNY

LANCE WORK.

This is a division of pyrotechny which consits of
reproducing with colered lights various designs, portrails,
lettering etc. after the design is sketched on the Hoor as
described under “Designing™.

NI T 1 T 10

X T I\ T/ lu;

— e . - =

ST Y TINET

I SR

A N DA TV

A number of frames are made, 5' wide and 10 long,
of light lumber %" x 2' for the outside strips and X' x
I' for the center ones, spaced | foot mpart each way
with a brace in the two comers as shown in (Fig. 57).
These are laid over the design on the floor and secured
so they do not shift until completed and the picture etc.
transfered to the frames with bamboo for the curves

and light firips of wood for the #traight lines a and b
Fig. 58.

When this has been completed frames should be
numbered, begining at left hand upper comer of Arg
frame and numbering each consecutively to assift in get-
ting them in their proper places when ere®ing to be
bumed

The frames are now ready for attaching the lances.
This is done by driving a 1%" wire nail to a depth of
half an inch, (b) at intervals of 2%" in curves and 3 o
4 on Mraight lines all over the design. Be sure to see
that there is always a nail at every point where two
lines interse@ Now with a nipper cut off the heads of
the nails, holding the nipper at an angle with the nail
so that the place where the head has been cut off will
have a sharp point inftead of being cut off square across.



The frames are now ready for the lances. When it
has been decided what colors are to be used for the
various parts of the design, take a handful of lances of
the desired color and dip their bottoms into glue to a
depth of about }4%* and preas cne onto each of the nails

until they are attached Armly to the cane or Mticks form-
ing design, (c) (Fig. 58).

When glue has hardened frame is ready for maitch-
ing. Take a length of quickmatch and, begining at the
upper end of frame pin it from one lance to mnather
until entire frame is covered, following the outline of
design as much as possible, (f) (Fig. 58). When the end
of » length of match is reached splice another to it by
baring about 3* of the new length and slipping this bare
end into the pipe of the preceeding length; securing by
tying and padting joint.

Leave an end of match about 2' long projecting from
the lowes right hand comner of each frame s0 it can be
connected to the one next to it when erecting. Also en

Mach

Fig 59

one of the bottom frames leave a leader 10 to 20 feet
long, of match, to light piece by when it has been erected.
Now with a three comered awl make a hale " deep
through the match pipe and into the pnmmg of each of
the lances on the frame, (d) (Fig. 58). Then take firips
of tissue paper %' wide and 3 long; paste a number of
them onto a light board and working along from lance
to lance securc the match to top as shown at Fig. 58.
Sometimes where it is desired to rush a job to be bumed
same day at point where it is made, the lances are
sccured by simply bending a pasied ftrip an inch wide
over top of lance as shown at a, b, Fig. 59.

The completed frames may now be crated into lots

of four, with 4" x 4" ftrips amanged lo hold them apart,
for convienence in wansportation.

LANCES.
These are small paper tubes from ¥4* to %" diameter
2" to 31" long hlled with composition burning different
colors with a duration of one minute and used for produc-
ing the different designs used in fireworks exhibitions,
such as portraits, mottoes etc. The cases are rolled and
rammed with funnel and rod, ss previously described.

Some lance compositions are so light as to be diffi-
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cult to ram. These should be slightly dampened Ffrit.
Blue lances made with paris green and white ones using
realgar are frequently used without priming as they ignite
very easily.

A good lamce should burn clear for one minute,
without flaring or clogging up. All colors should bum
of about the same duration. lf a lance burns to one side
it is often because the composition is not well mixed
or because there is more paper on one side than on the
other. They should have about three tums of paper all
around.

LANCE COMPOSITIONS.

Red Lances.

Potassium chlorate 16 16
Strontium nitrate 3
Strontium carbonate

Shellac 3
Lampblack b Y

b Al

Green Lances.

Patassium chlorate 7 16

Barium nitrate 7 4

Barium chlorate

Shellac 2 4

Calomel 3
4
]

B — L B

Lampblack
Picric acid

White Lances.

Salipeter 9 14
Sulphur ! 4
Antimony sulphide 2
Antimony metalic 3 |
Meal powder ]
Red arsenic ;

Blus Lances.

Potassium chlorate 20 16 12
Potassium perchlorate 24
Paris grean 5
*Copper sulphate 6

Copper ammonium sulphate 3
Copper ammonium chlonde 6
Shellac 4 i
Stearine 134 ¥ 2
Calomel 4 3 3
Dextrine |

Asphaltum 1
*See directions under box stars for wsing this.

Yellow Lances.

W
M oD



POOR MAN'S JAMES BOKD Vol. 1

Potassium chlorate 16 4 4
Sodium exalate 2 2 2
Shellac 3 | i
Charcoal 1

Barium nitrate 1

For amber and purple lances the recipes given under
TORCHES may be used to advantage

BOMBSHELLS.

These represent the hifhet developement of
pyrotechnical art and require great patience and skill
their succesaful produdion. The moft wonderful effects
are produced by the Japanese while the fineft color efects
are made by the Europegns and Americans. Shells are
made in several forms though round is the mof populas.
Cylindrical or canister shells however contain more #ars
etc. and in the more complicated effects it is sometimes
necessary to attach a canifter to the round shell to con-
tain the parachute etc. (Fig. 64).

Shells are all fired from mortars, the smaller cnes
made of paper, up to about 3' diameter and the larger
ones of wood copper and iron. The smallegt shells with
which we have to deal are the

the
for

FLORAL SHELLS.

#| w2 #3
Diameter 25116 2.7116° e
Height 9 1 I3

The shells are made of hollow wooden balls which
can be twned out by any wood tumer. They are made
in halves, usually with a rabbet to insure a close it
Through one half, drill a hole just the size 1o snugly
At a piece of ordinary blasting fuse, |%" long. Glue the
fuse on the inside as well as on the outside of the
shell case. Now 6ll each half with #ars to which add
a teaspoonful of shell blowing powder, glue ths edges
of each half, clap them together and when dry pedte a
firip of paper around where the two halves join. Prime
the ends of the fuse which should projet through the
shell about K", bend a piecce of naked match, about B*

g

'y
B Bt

long, around the shell so that the middle of it
over the fuse, tacking the ends to other half of
so that they will mick over about 2" Sﬂlln
floral shell bottom as shown at Fig. 60 into

been previowsly put an even teaspoonful [f
larger sizes in proportion) of F grain powder, and
with a #rip of pated paperr When dry, olip over

£

E‘Eg
B3

b .

g

Ak
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paper mortar, having previously well glued the bottom
Mcasure digtance from top of mortar to top of shell in-
side and mark same on outide. Punch hole through
same at this point ft on a top and secure Now take
a roman candle a little longer than the mortar; punch a
hole in its side near the bottom far; 6t in & short piece
of piped match bare the other end; ship inw heole in

SHELLS.

These are made somewhat differently; ¥ Ib. 10 % Ib.
tin cans being subdtituted for wood shells. They wre Glled
with ftars, colored and Japanese and burdting powder in
the same manner as described above. A hole is punched
through kid into which fuse is glued A arip of paper
about 3" wider than the length of can and long enough
to roll around it six times is padted all over, the Eled
Hlphr.ul antl:lndmﬂndup mmllﬂﬂ

A posing 3' wide which secures the match in
place is attached to shell and this when dry serves o
contain the driving charge of a level teaspoonful in

EXHIBITION BOMB SHELLS.

The principal sizes of shells used for this purpase are
#, 6" and 10" diameter. For round shells, after the cases

a carpenters brace bit %", boring from the inside Fit the
two halves accurately together; bind with a #trip of glued
cloth and over this two or three layers of paper atripe
laid on longitudinally; each #rip overlapping the one be-
fore it by about 4" [If each layer is made of a differ-
ent length & better finish will be obtained

When cases bhave been thoroughly dried fill them
wﬁﬂnhmdﬂmthbu;hﬂmfmlml: When
they will hddnumndﬂhlom:dnr[e The fuse
hould now be accurately htted by cutting around it with
knife %" rom the top and peeling off a layer or two
paper until it will just enter the hole which has been
in top of shell for it Glue lower portion well

into place until shoulder rest squarely aguindt

made
and
shell case.
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Attach a cloth nosing to fuse; bare 1" at the end of
s length of match and attach to bottom of shell by a
#| tack; lead match up to fuse bend at right angles to
permit of entry into nosing; cut the piping at point of
entry and secure with ftrong cord. The remaining match
also serves for lowening shell into mortar, up 10 6' sizea
Larger shells muft have s heavy cord passed around
them for this purpose

The necessary driving charge having been placed in
a paper cone this is attached to bottom of shell when
same is completed.

HED;

The making of canifter shells is so similar that their
conftruction can be readily underftood from the sketches
(Fig. 62). The heads and boftoms are made of }* wood.

Another method of matching shells.is to dtart at the
fuse by baring a half inch at the end of a match pipe
and pushing this into nosing. Bend match at right angles
¥' above nosing and pass under and entirely around
shell, coming back again to nosing. Bend once more at
right angles and insert bend alongside of where ftart was
made Arft cutting through match pipe at point of inser-
ton. Gather nosing closely around match and tie tghtly
as possible. This method gives a somewhat better support
to shell when lowering it into mortar, Where the match
crosses bottom of shell and enters driving charge be sure
to cut piping away for about half an inch, (Fig. 63).

%f g3 !

Two and three break shells are made by lightly faa-
ening together the desired number of short canifter shells
with fuses not over %' long between them. The Ars
shell has regular length fuse. The details can be better

underftood from drawings than from a descrption. See
Fig. 65.

PARACHUTE BEARING SHELLS are also shown
in detail, Fig. 64.

SHELL FUSES.

These are beit made of hardware paper. Take a
rod 3" diameter (for a 6' shell) and a sheet of paper 6"
wide, Padle it with thick paste all over one side and
at once roll it up as tightly ms possible until it has an
outside diameter of }%'. The length of sheet required is
dependent on the thickness of the paper. When a number

238 PYROTECHNY

Frachute Shell. Fig 64

3 Break Shell. Fig6s.

of these cases are rolled they must be dried in the shade
until they are as hard as wood and rattle when #truck
together.

Take a rammer 7/16" diameter a light mallet and
some fuse composiion made as follows:

Meal powder £}
Saltpeter P
Sulphur |

Sk and mix three imes Rest a fuse case om a frm
block, scoop in a littls composition and tap it about ten
light blows. Add more composition and ram again, repest-
ing untl fuse is filled The composition in fuse muft
be ns hard as possible when fnished, otherwise it will
blow through when used in a shell. The fuse may now
be cut into the required lengths with & fine toothed hack
saw. (Fig. 66).

Length of fuses. Inside diameter of fuses.
4 shell 1K' &£ ohall 51&
6 shell U¢° & shell X
10* shell 13 10* shall 7/16

In soms cases a hole is drilled into the composition
of the fuse on the end in the shell X' deep. so the fire
from same is thrown into the shell with more force. In
this case allowance mu#t be made when cutting length
of fuse

Shell Blowirlg Powder may be made of:

Grain powder |
Meal powder |
Saltpeter 3
Charcoal 134
Sulphur l

The bunfting and dnving charge for shells is as
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follows:
Buriting Charge. Driving Charge.
# shell 1% oz 4 shell 1% oz
6 shedll 5 oz 6" shell 34 .0z

10" shell 16 oa. 10* shell 14 oz

The driving charge should be coarse grain powder
cannon powder is bedt. An endless wariety can be pro-
duced with shells some of which follow while the inge-
nuity of the pyrotechnit will sugge®t others as he pro-
gresses.

Fig.cs

Solid color shells
Varigated shells

Gold rain shells
Japanese or willow tres shells
Streamer shells
Aluminum shells
MM

Chain shells

Repeating shells
Marcon or Salute shells
Day shells.

"The Conch Shell consifts of a 10" diameter shell
packed with three ball roman candles made specially
for this purpose. The cases of the candles are made of
very #irong paper so that they can be thin and no empty
portion is left at top and bostom. In addition to the
little roman candles, colored fars are added. This makes
a very effechive shell

SHELL CONES.

(for holding driving charge)

These are made by cutting out a round piece of
good Kralt paper six to twelve inches diameter accord-
ing 1o size of shell for which cone is intended. With =
scissors make a cut from the ndiﬁ to the center and
twidt it around so as to make a bag ar cone of two
thicknesses, pasting the edges where they meet. Put the
driving charge inta this and with a little padte attach it
to the bottom of shell having previously cut the match
piping where it crosses the bottom, o that fire will sirike
driving charge when shell is lighted.

JAPANESE BOMBSHELLS.
Day and Night

The Japansse have developed this form of pyrotech-
nrhmﬂmﬂhﬂﬂmmﬂhw.ﬂdﬂ.
nality. Some of their shells are marvels of patience,
ingenuity and skill
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DAY SHELLS conmist of twe kinds. Firet, those con-
taining large figures of birds, animals etc. made of light
tssue paper sewed together like a bag and open at the
bottom with a row of small weights around the rim of
the bottom. The fgure ia folded into a small compact
pile and packed intc a cylndrical shell case, somewhat
as parachutes are placed in rockets. When they are
fired to a height of about 1000 feet the figure ia expelled
with a light charge and as it falls, the weights cause
the bottom to unfold and the inrushing sir inflates it
One of their day shells contains about & dozen paper
parascls which, of course. are folded when insde the
shell case but which by an ingenious condruction, open
as soon as shell breaks and they float 1o the ground
much as parachutes do. The arrangement is as follows:

The second vanety of day shells considts of colosal
spides made of smoke and varicolored clouds which
must be seen to be appreciated. They are made by flling

F‘. bha. F-;, bbb,

a round shell with smoke #ars, on top of which is set
s canifter containing a number of |}4' diameter colored
smoke shells and a parachute from which hangs a
“smoke dragon”.

Fig. Gbe.

The night shells embrace some 50 or 75 different
cffects, Up to 40 years ago colors in night shells seem
to have been unknown to the Japanese and all their
devices consifted of endless vaneties of tailed ftars, gold
and silver min, willow trees and bnght work, each one,
more entrancing than the other. Among some of their
very unusual effec@s is a might shell which upon reach-
img the height of its fight throws out five red paper lan-

terns with a ing inside each ome. The lanterna
when inflated are two feet in diameter and four
feet high. When

about

folded inside the shell they occupy »

space about five inches diameter and nine inches long.
of their original shells breaks with their very

i
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round effec@ but only one half of the circle is filled out
with #tars while the periphery only. of the other half is
outlined with #tars as shown below. (Fig. 66d). To secure
this effec® a wing or tail is sttached to the shell which
holds it in the required position, relative to the observers
at the moment of explosion.

o gy W
Fig. bbd.

The arrangement of the conlents of these shells is
shown in the accompanying sketch, (Fig. 67). The in-
side of the round shell case is scored as shown at (a)
and (b) by cutting half way through the paper with a
knife in order to cause shell to burft evenly and throw
the #tars equally in all diredtions.

closed at one end and over the other end are bemt two
#trips of thin metal (copper or Bin) which are secured
by a paper fatening so as to refiri®@ the opening to
about one third its original size. The #ftam are charged
with the composition shown under “Smoke Stars”, the
end being well primed over the metal #trips. They are
then arranged in the round part of shell as shown in
Fig. 67. The little smoke shells and parachute are placed
in upper or canifter portion.

MORTARS.

MORTAR
fl" (4]

Mortara for firing pyrotechnical bombshells are made
in a variety of different ways. For shells up to 3' in
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diameter & moriar |12 to |5 inches high, made of a
number of tumns of good Mout paper will serve for per-
haps & hundred shots, eapecially if lined on the inside
with a piece of tn or galvanized iron. lf a botom of
oak or other hardwood is fitted to it and the bamrel tightly
wound with marlin, it will be perfectly safe, Light and
cheap.

For 4 diameter shells and upward mortars of copper
tubes, shrunk, one over the other so that there are four
thicknesses ar the bottom, three for half the length two
up to threequarters of its bamel and one thickness for
balance, with a ring at the top make an ideal mortar.

Wrought iron tubes wound with galvanized wire and
firted with ca® iron bottoms securely fastened in by
machine bolts or rivets make very servicable guna. The
bottomm should be conical on the inside to accomodate
the powder bag of shell (Fig. 68).

The Japancse wied long wooden mortars reinforced
with ron bands. These were scaked in water before
being used, to swell and tighten them. On account of
their length they would throw a shell to a great height
with a small driving charge. They should always be
buaried for half their length in the ground when in use.
With these mortars it was cuftomary to pour the dnving
charge for shells, loosely into the mortar, drop the shell
over it and fire by shaking a little droes from a port fire
into the mortar. This method is dangerous and is not
to be recommended.

Mortars with port holes on side of bottom, like the
old #tyle military mortars are sometimes used for day
shells,. The cartridge of shell is pierced’ with a priming
rod and a piece of bare match inserted through port hole.

BALLOONS.

Secure some good tissue paper 20° x 30" (Foudrinier
is best). Padte two sheets together on the 20* ends mak-
ing a sheet 20" x 60". Split this lengthwise and get a
sheet 107 x 60". Make twelve sheets of this size lay one
on top of another and double over the lot longitudinally
80 as to have pile 5' x 60", Now, with a scissors cut
along the unfolded edge as shown in Fig. 69 (a),
removing the part sthown as shaded The exa®t line to
cul may be determined by practice until the moft satis-
facdory shape is found when an extra sheet of heavy
paper should be cut and reserved as a pattern. Or, the

pattern can be made according to inftructions given under
“Balloon Designing”.

Unfold sheets cut as above and lay one on the table
before you ©On top of this lay another but about ¥*
nearer lo you thus leaving an uncovered edge of the
under sheet exposed (b). Apply paste Lightly to this edge
and lap it over onto the upper sheet in this manner
joining the two for their entire length. Make six pain
of sheets like this and then repeat the process with
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the double sheets untii you have three sets of four
shoets, Join these as before making the final closing joint
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Fig.69

el . o

likewise. If the top of balloon where the joints mieet is

not well closed paste a amall round piece of paper over
all.

When balloan has dried make a ring of wire, bambdéo
or rattan for the bottom with cross wires to “hold the
inflator (¢). For a balloon of the above size the nmg
should be about 15* diameter. In balloons 10 feet or
more in height & wire basket is sometimes woven into
the center of the nng so that an extra inflator may be
added just before releasing balloon when ready to rise.

BALLOON INFLATORS.

These are made in several ways. One consifts of a
ball of cotten woel which is saturated with aleohol o
kerosene oil when balloon is to be infated A more
convienent infator may be made by impregnating a ball
of excelsior with parafine and fastening it on top of cross
wires of balloon ring. This has the advantage of being
cleaner and requires nothing further than lightng when
balloon is to be raised

DESIGNING BALLOONS

A balloon hve feet high when deflated can be made
from twelve pieces of tissue paper cut out of sheets 10°
wide and 60" long. To get the proper shape for cutting
these se@ions draw & plan of the desired shape of bal-
loon when HfAnished, somewhat as shown in Fig. L
Then make a ground plan as shown in Fig. 2. Qyuarter

The

the eclevation plan by the two lines al and al.

f

‘ tl-n‘“lh-
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lines al represent the balloon at ita wideft point in both
plans. Lime b in ground plan is obtained by measuring
the length of line b in Fig. | from central line a2 1o
the edge of balloon and then taking the same diftance
from the center of Fig. 2 and making a circle with a
pair of compasses at this point. Lines ¢, d and ¢ are
cbtained in the same manner.

Now, ta make the pattern as shown in Fig. 3 draw
a plan of one of the sheets from which the balloons ia
to be cut using same scale as in Figures | and 2. Divide
it by a line through its center lengthwise and then locate
lines a Lb l,e 1, d | and e | by measuring distance
from bottom of balloon to each cross line on Fig. |
along one edge from d2 1o e It now only remains to
locate the points on Fig. 3 for getting proper shape of
pattern. To do this take a pair of dividers and measure
length on line b1 from central perpendicular kine in Fig. 2
to point where it interseds the next radial line to the
right. Divide this diftance equally to each side of central
kine of line bl in Fig. 3. Do the same with Lines ¢ d
and ¢ On & large plan this may be more accurately
done with a flexible rule but when using dividers s
above a slight allowance must be made for the curva
ture of the lines on Fig. 2. All that is necessary, now,
is lo draw an easy line from top to bottom of Fig. 3
as shown. The bottom of 5' balloon should be about
15* diameter. Dividing this by four will give approxi-
mately 3%' for bottom of pattern.

Fireworks Attachments for Balloons.

These make a very pretty addition to a balloon ascen-
sion and may be designed in numerous ways as to inge-
nuity of the pyrotechniit will suggefR. A typical attach-
ment is shown in accompanying sketeh (Fig. 71).

. F3 N

The lower portion of a gerb is filled with red fire
which burns until the balloon reaches the height of sev-
eral hundred feet; then the gold min effed of the gerb
functions until the heading of @ars, serpents ete. ia dis-
charged A vertical wheel suspended from a wire and
lighting when balloon is well up in the air makes a
very interedting display.

CANNON CRACKERS.

In this item of pyrotechny the hiftory of Areworks
in general has been somewhat reversed While many
persons have lo#t limbs and life in the manufadnure of
roman candles, rockets eic on a large scale, compara-
tively few serious accidents bave cccured o those using
them. On the other hand, though cannon crackems are
one of the safest articles in the business to make, they
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have caused, during their short career the loss of more
hands, arms etc. to those finng them than all other kinda
of pyrotechnics combined

The reason is smple The composition of cackers
is only explosive when confined or after the cracker is
finished and the explosion of a finished cracker will not
ignite others, as is the case with candles etc where a
spark will fire thousands at once But when crackems
are used by the inexperienced it is difficult to determune
whether the fuse s lighted or not which often causes
the cracker to explode in the hand with disaftrous results.
Its bloody record has caused a number of #tates to leg-
islate againdét its sale in sizes larger than three to four
inch. Untll a fuse is invented that will be cansumed as
it burns, this piece of Areworks will be dangerous to
handle. The frét available record of the manufacture of
American Cannon Crackers on a2 commercial scale was
about the year 1880 when Edmund S. Flunt of Weymauth,
Mass. devised a very ingenious machine into which was
fed empty cases from a hopper while the composition
and fuse was inserted and the ends crimped at one
operation. Previously only Chinese crackers were used
but the increased loudness of the report and the reduced
coit of making them soon caused the American article

to supplant the imported one in the larger sizes.

With the advent of the Flash Cracker the Chinese
have again invaded the American market to a large extent

The cases for cackers are rolled similar 1o rocket
cases except that pafte is used only on the ladk tum at
farthest end of sheet, the body of the case being rolled
dry. By this means the cracker is more easily blown
into small fragments and the danger of being ftruck by
a large piece of hard case is avoided The fuse used
is the small red cotton untaped fuse made especially for
this purpose though most any kind of blating fuse may
be used A picce from 14" to 3' long is sufficient ac-
cording 1o the length of the cracker.

Vanous compositions are used, those containing Ant-
mony giving the loudest report while those made with
sulphur only, produce less noise. The cases should be
flled about one third full of composition to obtain the
bent 1esults and composition musk be loocse, not rammed.
The addilion of charcoal will increase the lightness of
the composition and prevent its tendency to pack which
lessens the report

The ends of crackers are stopped in various ways.
The best is by means of crimpers which pinch or mash
the enda of the case around the fuse at one end and
into & bunch or lump at the othet. A dab of glue retains
the ends in place. Ancther method is to close the fuse
end with clay and the other with a cork. The low grade
of corke used for this purpose can be bought for as
cheaply as twelve cents per thousand in the small sizes
which is less than the coft of plugs of any other sort

)
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To make crackers in this manner roll the cases as
directed. Make a brnss nipple as shown Fig. 72, of the
diameter of the cracker desired and about as high from
top to shoulder. Dnll & hole through the center some-
what larger than the fuse so it will pass easily inlo it
Alao provide s rammer about 6° longer than the cracker
and drill a hole into the lower end, somewhat larger than
the fuse and ream ar countersink it a hittle. After setting
the nipple in a block put a piece of fuse in it, slip a
case on, put in enough slightly dampened clay to occupy
inch when rammed and with a few blows of a
it Armly. You had be# now remove the casc
sharp knife split it open without breaking
sec if everything has been opemating cor-
proper amount of clay has been
projects sufficiently on the inside

the clay as sometimes
i the rammer has been corredly made on
which rams the clay while the fuse enters hole
Unless this has well done the cacker
to explode. When these matters have been pro-
ith ramming clay in another
in enough composition (any one from
) to Al case about one third. Then take a
will fit pretty snuggly, dip the small end in
liquid fish glue and force it in open end of cracker. !t
is now completed and may be removed from nipple. If
toa much composition is used the report is weakened:
a full case will hardly explode at all

When crackers are made on a large scale, a block
of six dozen nipples is used, six wide and twelve length-
wise, same as for roman candles. The clay and compo-
sition can be dropped inta lot simultanecusly by the use
of shifting boards as shown under candle machine. Some
manufacturers prefer to we a long nipple and short ram-
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Numbers Length Bore No.in boa Boxzes in case
| Saluim 2° e 100 20
s . 3 516 50 25
> = 10 ' 15 100
4 Concha # nme 30 20
5 = 5* W 20 20
J - 6" ' 10 20
9 = 8 X' 5 20
io - 9us* %' 3 20
12 = 0 - 2 20
35 = 1¥ IX* 25 in comn
CANNON CRACKER COMPOSITION
Potass: chlosate 60 6 6
Washed sulphur 23 3 2
Sulphuret antimony 5
Metalic antimony 1
Charcoal 1
Saltpeter 12

If uowashed sulpbur is used the report will be
siderably louder but the danger is greatey.
mixings, the lagt is about the salest that
The brt gives the loudest report

L]

position may be used both for Sash crackers and maroon
shells.

# #2 *3
Potass: perchlorets 50 30
Potase: chlomate 3
Washed sulphwr 3 25 30
Pyro aluminum 1 25 40
Charcoal i

Mix thoroughly the sulphur, coal and aluminum; then
add the chlorats potass; previowly sifted by iteelf; mix-
ing by rolling the ingredients back and forth on a piece
of paper and avoiding friction of any kind.

Prepare a block ¢ Fig. 73 by boring several holes
as shown, 7/16" diameter and |' deep. Also a nipple
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%' diameter htted into & handle b and some picces of
firong light paper 24' square a. Take a piece of paper
in one hand and with the nipple in the other, press the

paper around it so as to fagn a litle cup which is now
inserted in the holy in block pressing down umtil the

Fig .18

Aange of the nipple spreads the upper edges of the
paper. Remove the nipple and put into the paper cup
formed. enough composition to half All it Insert a piece
of match three inches long: draw the paper around the
match and secure tightly with two half hitches of linen
twine. . Remove from block, pmear a kittle gum on one
side and push into a cracker case (d) ¥* diameter and
3 long. It is mot necessary to close the ends of flash
crackers as the report is just as loud when they are left

open.

Composition #2 and #3 are much the safedt and
should be used by any but those very familiar with this
class of work but the ends of the aacker mudt be nghtly
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Nibric acid (42%) and adding gradually, ftiming conftantly
with a glass rod, 2 ozs. water. Into this put s silver
dollar or 1 oz of bar silver. Warm shightly until a bnsk
reaction takes place. When the silver is completely dis-

solved allow to cool for three minutes. Then add 16 ozs,

pure alecohol. Add it all at once and quickly and be
sure that the vessel containing the solution of silver is
at least four times as large as the amount contained for
a violent effervesence will take place. Alter it subsides
add three ounces more alcohol. Let stand for a quarter
to one half hour when a white crystaline precipitate will
be formed on the botiom of vessel which is the fulminate
and may be colle@ed on a hlter and dried in a shady
place. A candy jar may be used for making the hulminate
but a glass beaker is far preferable.

The utmodt care must be excercisad in handling the
dry powder as the slightest concussion will explode the
entire lot with temific violence. A wooden spoon should
be used for removing it from the flter and it should be
handled as little as possible and in the smalleft prach-
cable quantitics. Procure a round paper box from a drug
ftare, one inch in diameter and three inches high. Make
a small hole 116" in diameter through the cover and
fll it about half full of dry fulminate. Now take a board
|0* wide and 20" long. %" thick and with a %* bit bore
50 holes through it (5 rows, 10 to & row). This is the
torpedo board. Then take a similar board and with a
4' bit bore the same number of holes in the same posi-
tion. into it but not quite through. This is the gravel
board. A punch will now be required as shown in Fig.
74. a, the nipple being %' diameter and %' long.

Get some of the bedt grade tissue paper and cut it in-
to pleces two inches squars. Take a bunch of them in

Punch.

Silwmr 'l'l"mﬂ

ﬁ_'.']‘ll.l
containing the papers and place it over the board of
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gravel. Hold tightly together and twn both boards te-
gether upside down and the gravel will be emptied into
the torpedo board all at once. Remove the now empty
gravel board and with the fulminate box shake a little
of the powder into each little bag of gravel juft as you
would shake salt from = selt seller. Only a very little
is required. Now dip the tips of the thumb and forefinger
into pafte and with the finger tips of both hands gather
up the edges of the paper, bunch them together and by
giving a few twifts the torpedo s hnished. Care muft
be taken nmot to twist too Hghtly as the torpedo s likely
to explode in Ilu‘ hngers.

JAPANESE OR CAP TORPEDOES.

These, while considerably .safer than the silver torpe-
does to make and handle require to be dtruck with much
more farce in order to cause them to explode. Furdt we
mudt proceed to make the caps. (Fig. 73).

Bk &y Bogs b mattog

par

Thers are required a pan 2* deep, 8' wide and 10
long, & number of piecea of blanket 12' squars which
muft be well dampened before wing, and a cap drop-
per made by driving 150 8 penny nails, for one inch
of their length into & woecden block 7' x 9", 114" thick and
fitted with a handle as shown in lluftration. The heads of
the nails should be well leveled up so that evesy one
touches when dropper #tands on s flat surface Also cut
a lot of pieces of poster paper 6' x 8" and place them
in twe piles on the work table. They arc for dropping
the cape into. The cap composition is made as follows

NUMBER ONE NUMBER TWO.
Polaseium chlorate 5 ozs.  Amorphous phosphorus
Sulphur b “ 2 ozs.

Chalk ¥ "

Sift aeparately the ingredients of No. |, mix tharoughly
and moisten in o bowl with woter to the consiftency
of porridge. In another bowl mwoiften the two cunces
Amorphous Phosphorus, to the same consistency. Then
ftir the phosphorus into the bowl containing the other
ingredients, with & spoon. When thoroughly mixed pour
into the pan previously mentioned.

Take the diopper by the handle and dip it into the

pan of compositibn, remove it and print it Lighty onte
the top sheet of one of the piles of poster. With & wide
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brush padle the top sheet on the other pile all over on
one side with thin paste to which a littdle dextrine has
been added and reverse it onto the sheet that has just
had the caps dropped on it Now remove the fnished
sheet of caps 1o one of the damp blankets and repeat
operation, placing a piece of blanket between each sheet
of caps untl all the composition is used up after which
place a light board on top of the pile of alternate caps
and blankets, and on this, & weight allowing it to remain
for about an hour, after which remove the blankets and
placa the pile of cape in & bght box where they can-
not bmm: JIY.

Now 6l the torpedo board as before directed only
wing & somewhat smaller gravel board. Take-out u few
sheets of caps and with a long pair of scissors cut be-
tween each row of caps each way 0 as to separate
them. Place one squarely on top of the gravel in
each torpedo and taking a handful of gravel, drop a little
on top of each cap. They are now ready to be twidfted
as described for silver torpedoes. When a number have
been fnished they should be packed in sawdust or rice

shells and removed from the workroom. Too many should
not be allowed to ulate in a pile, for when dry,

accum
the explosion of one will sometimes fre the entire lot
and the Aying #tones often cause serious injury. Be sure

never to allow the caps to become diy while making the
torpedoes, or in the fMorage box

In making caps, when = batch has been completed,
be very careful to wipe up thoroughly every drop or
speck that may be spilled, and wash well the pan and
dropper etc. as well as the table, shears and brush used
and throw away the washings where they will run off.

Japanese torpedoes do not keep much cver a year
as the phosphorus decomposes and after awhile disappears
entirely from the cap. Following are the pancipal sizes
and packings of torpedoes:

SILVER TORPEDOQES.

Hamis Blzs papar Holea torpsdo Baard Mo, In box Beozan In case
Electric 134* aq. 34" 25 50
Giant 3* ag. L 10 50

JAPANESE TORPEDOES.
Am. Extras |H' 3" 25 100
Japanese 3 I* 5 200
Japanese 3° ] 10 100
Japanese 3* L 25 40
Cat Scat 54' 134" 10 40
Cannon 7' F o 10 25

RAILROAD TORPEDOES.

iﬁi.Hh.
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These consit of a | oz tin cintment can containing
a mixture similar to that used in paper cape. A finp
of lead is soldered to bottom of box sc it can be easily
attached to mail by bending #rp arocund top of rail and
bres when engine runs over it (Fig. 74 L).

PAPER CAPS

for toy pistols.
These are made similar to those described under

WHISTLING FIREWORKS

The peculiar property of potassium picrate to whistle
while burmning has been known for a long time and has
been made use of for producing the amusing whigtling
freworks. To make this article:

Disclve 1 Ib. pir.ri:'. acid in the leaft possible quantity
of boiling water, in a porcelain receptical; add ¥ lb.
potassium carbonate, little by little, Mtiring continuously.
Then add | lb. powdered saltpeter. Stlrllwrou;l:ly allow
to #tand for one hour and remove to a heavy piece of
hlter paper placed in a glass funnel where it can dmin.
When dry crush to fine powder with & wooden roller.
Very small quantiies should be handled at a time as an
explosion will cause disastous results. The dry powder
may be rammed into tubes from X" to X' diameter and
will produce the whistling sound when bummed Bamboo
tubss are most efective.

"' diameter and 2" long when charged with the above
composition may be place in the heads of rockets or
fatened to the ocutside and arranged 1o bum as the
rocket is ascending. Attached to wheels they are guite
amusing, but the mo#t effective use for them is when a
series of six or cight ranging in size from %' to ¥
diameter are set side by side like a Pandaen Pipe and
bumed simultaneouly.

SON OF A GUN.
(Spit Devil—Devil on the Walk).

This amusing little piece of freworks consi& of a
disc about one inch or more in diameter which, when
scratched on the pavement gives off a continuous series
of little explosions, buming from one half to three quarters
of a minute On account of somewhat resembling candy
losenges a number of fatal accidents have occured by
small children swallowing them. For this resson their
sale has been forbidden in some sedions. They are
made as follows: (Fig. 76)

Secure a number of boards of %' material and bore
holes into them )" deep and 1% diameter somewhat as
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shown at (a). Tum up a puncher kike (b) which will MAGIC SERPENT, (Black).
work easily in the holes. Cut some red Foudrinier tissue
paper into circular pieces 2)4" diameter, Lay them over This German device produces an immense long black

the holes in board and punch in. Pour into these the ®nake, otherwise quite similar 1o the Pharachs Serpents
composition given below and fold over the edges of the but in no ways related chemically,

Naptha pitch
Linseed oil 2
Fuming nitric acid 7
Picric acid 3K
R— = Reduce pitch to fine powder; add linsced oil and rub
@: & in well; add ftirongeft fuming nicric acid, littde at & time.
Allow to cool for one howr. Wash several times with

peper as in (c) Permit to st and when hardened they  water. the ladt time allowing mass to fand in th t

::r be lﬁﬂ\"l& and thoroughly dried when they will  for several hours Thoroughly dry; powder ﬁl:e :m:lw:dﬂd
ready use. picric acid, rubbing it in well Moifien with bic
SON OF A GUN CQMPOSITIOIQ:- water and form into pellets about the size dr::::r;u.

fve kves of whter, addi B bl Gk e s The naptha pitch can only be obtained in Germany
firring. Then add 1% hl-‘;h-l'nﬂi_' i we. PA and th:n with considerable difficulty. A fairly good article
this in & water bath with a thermometer aranged so that ™Y be made by melting together equal parts of Syrian
temperature can be carefully observed and heat to 50°C.  ®sphaltum and roofing pitch. To the final product add
after whish add a mixture of one kg. white phosphorus 3% Mearine when forming into fars.

red ochre and 3 kg potass; chlorate and fir untl a (Snake in the grass).
perfectly smooth produ® results after which it may be »
poed Talo tha peper welds 56 shove. - Coott. Chrommmih These consift of small cones of tnfoil containing a
be used to prevent accidents in all mixtures eontaining preparation which, when ignited, produces & grass green
phosphorus and chlorate of potass. ﬁhﬂﬂhﬁ_MMWIMh
W&HS uLEERPENTSnf Eﬁﬁ. serpent”.
. remar e s ance conmsts pellets . Boow ; 5
of sulphocyanide of mercury which has the remarkable Cﬂh::hm“l Imﬂ 11" Sameter. Cut' thase
property of swelling 25 to 50 times its original size when ;:li{:} Fold PER center as shown in Fig.
. (n). them around the former (b) so0 as to make

lighted, producing a long snake like ash. To prepare, 4 . . $
saika s eoncsinied saliion af wasicuie ikbiile ol ::: cones and i!l::lnm block (c) Alling them with the

add little by little a solution of potassium sulphocyanide,
flirring condftantly, A greyish precipitate will be formed
and when the laft drop of sulphocyanide added no longer
produces cloudiness permit the mixtuge to settle. Drain
sff as much as possible of the elear supemant liquid,
remove precipitate to a paper filter placed in a glass
funnel and wash shightly. When thoroughly dry reduce to
a fine powder, When ready to form the eggs moisten
very sparingly with a week solution of gum arabic to
which may be added a pinch of saltpeter and form into
cones with the appliance shown in Fig. 77,

rs. T

‘ Snake Nest tuls

:f Saltpeter |
Ann:niun bichromate 2
Dextrine |

male for moa predeshem

s

Phanash Sopad byy frren-
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When quite full up to the edge of the block, press into
centes a pellet of Pharach's Serpent powder. Fold over
the edges to the center and remove from block. To use,
light at top of cone

COLORED FLAMES.
These are made by disclving vanous subdtances in
alecohol, A copper can flled with cotton is impregnated
with the alcobolic solution. I is lighted by a tuft of
cotton left protruding fpm the opening. (Fig. 79).

Fi'ti-'l‘l'
For Green Flame uss Boric acid
Rad 2 Strontium or
Lithum chlonde
Yellow ™ Sodiumn chloride
Blue - Coppex sulfate or
Cascimm carbonats

Before lighting sprinkle a little of the powdersd chem-
ical over the cotton whaere it projects hom the can.

COLORED FIRE STICKS
These consit of thin wooden ficks mumilar to applicators
used by physicians for applying lodine etc to affected
parts. They are dipped for half their length into colored

firte compositions in & more or less ligquid #ate

fl:s.“

One method is to melt one part of gum shellac in
an, iron pot. Stir in fAve parts of very fnely powdered
frontium nitrate. To keep this sufficienty liquid it mua
be kept quite hot by the use of a fteam kettle, This
is for red sicks. Another method is to disolve the shellac
in alechal and adding the #rontium. The proper con-
sidlency of the mizture can be easily regulated by using
more or*less alcohol as required When the #ticks are
dried 1 are ready for use.

Creen is not so successfully made, barium nitrate be-
ing substituted for fvontium. A little lampblack improves
the buming but detracts from the colos, especially the
green. The flicks are pushed into a grove in the bar
as shown, Fig. 80 for drying.
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Ruby and Emerald Shower Sticks.

These are much more effective tndl.rl-nd_:.i.n
the same manner as above, using following compostion:

Strontum  nitrate 6
Coarse aluminum (]
Potass perchlorate 2
Shellac |

Disolve shellac in alcohol and add other ingredients,
previously well mized Stir thoroughly to consitency of
thick glue and dip sticks previously amanged in holder
so they may be placed in drying rack.

For GREEN use:

Aluminum p-a-wd.u: coarse b
Bl.l'il.l.m tlﬂﬁrllﬁ

Shellac ¥
Alcohol q. A

The Japanese make a similar article of twisted paper
this requires a great deal of practice to leamn, almost
unattainable by wedtern races.

The fteel must be protecded from corosion with para-
fine. The gum should be made of the consiftence of
mucilage. Mix the ingredients thoroughly and add gum
solution until o mixture is obtained that will adhere to
the wires when they are dipped into it. This varies in differ-
ent sedtions and with different runs of ingredients. In
pradtice, bunches of wires are dipped at once and slowly
withdrawn in a current of warm, dry air which causes
the mixture to adhere evenmly.

A sparkler of great briliance and which is very
cffective may be made as follows: Take 3 lba of dex-
tiine and add to same, Little at a time, 12 pints of water,

fticks may now be dipped into it to the desired
while it is contained in a deep vessel and placed
in & suitable rack for drying. It may be necessary to
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dip the #ticks several times dependent om how much
cgmposition it is desired fo have on them. In this case
they should be dried with the composition end up, the
frét .time so that not to much composition accumulates
on the end beyond the #ick.

WATER FIREWORKS.

These consi? mainly of five or six varictica as fol-
lows: (Fig. 81).

Fig.8
No. | Floating gerh or roman candle. A cone shaped
piece of light wood is bored with hole of suitable size
to take the gerb or candle as shown. In order to secure
an upright posiion with roman candles it is sometimes
necessary to placea a charge of iron Alings in the bottom

of case.

No. 1. Floating Tableau Lights are merely a colored
pot of. suitable size placed on a board

No. 3. Diving Devils. A sharp gerb is fttad with a
bhollow head set at an angle with the case. Careful
adjudtmment mu#t be made so ns to insure floating of the
gerb which will cause it to dive into and come up out

of the water properly. This is perhaps the mo#t amus-
hu;'ﬂ-n[mﬁmhuwdluﬂumtﬂnl
for the mo#t careful work. The bp of Hocat mus be

-Mnnh_-thﬁﬂuﬂﬁhboqmt
enough 1o make it nse agsin.

No. 4. Fish are made similar to the Diving Dewl

except that not s0o much adjutmeent is necessary as they
only run around on top of the water.

No. 5. Water Wheels are an ordinary Vertical Wheel
set on a board float as shown.

The Fish and Devils should be heavily coated with
parafine when fnished;: even the mosing of the maich
thﬂdmhm.nﬂ“n&dh

— )

these are really no part of the pyrotechnleal
art do come under the heading of Miltary Pyro-
technics. They consi of a fne @ream of Titanium
tetrachloride which is sprayed from an airplane at a sut-
able height and which in falling produces the dense
smoke intended to screen what is behind it The liqud
is projected backward from the plane at the same rate
as the planes movement through the air eo that the drop-

lets fall perpendicularly.

While
they

SMOKE.

This branch of pyrotechny scems 1o have been some-
what overlocked though its possibilites for daylight egter
ainment to supplement night displays would sppear to
open an interedting field for those with the necessary
imagination to develope it

There =re a» many colora and tints of smoke as
there are of flames and aerial combinations produce some
really beautiful effects

The simple®t form of smoke used in pyrotechany is
the Smoke Pot used in the specacles such as “Laft Dayw
of Pompei” where it is desired to give the impression
of dedtruction by Bre. A basic formular, subject to vari-
ation s

Saltpeter
Lampblack
Charcoal

Rosin

A Rarting fire a8 given below ls also necessary.

A smoke pot developed by owr War Department for
making smoke screens consifts of case 3%' diameter 6
high with a 1" opening in the top. The compowition

consifts of:
Saltpeter
Plech
Borax
Chalk
Sand
Sulphur

The pitch is melted and while #ill hot the other

—'-'-'—'*

12

2%
1K
|
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ingredients, previously well mixed, are ®tirred in. Before
the mixture cools and hardens it is pressed into case.
As it is dificult to ignite, a Narting fre of

Saltpeter 6
Sulphur 14
Apbmony sulfd. I
Meal powder I

is used About %" of this is placed on top of other com-
position before putting the top on case. This may con-
st of a'wooden disc with hole, faftened in place with
smoall naills or a Bn can may be used as container.

SMOKE SHELLS.
(Smoke Clouds)

These are usually made by flling the shell case with
a finely divided powder of the desired color cloud to be
obtained To the end of the shell fuse is attached a
small bag of gunpowder which should be located ns near
the center of the shell as possible. This, when exploding
serves to scatter the colored matter and produce the cloud
The arrangement of the fuse may be used as shown
in Fig. 67.

For RED use American vermillion powder
BLUE Ultramarine powder
GREEN Paris greea
YELLOW Chrome yellow
WHITE Chalk
BLACK Ivory black

SMOKE POTS or SMOKE CASES.

The really beaunful efects, however, are produced
by the bumning of mixtures which produce a dense smoke
of the desited color. For this purpose a paper tube |
inch inside diameter and 4 inch long is desirable, into
which are bored 4 or 5 holes ¥' diameter on a spi
line, at intervals as shown in Fig. 86. Both ends
case may be closed with clay or wooden plugs. Do not
pack smoke compositions. Ram wery

WHITE SM
Potassium chlorate 3
Laciose ]
Sal ammoniac, finaly powd 3

U]

FYROTECHNY

As this smoke is not injurious to the lungs it may
be used in doors for theatrical work. Rub the potase:
chlorate and laciose tegether thoroughly, then add sal
ammoniac, finely powdered, mizing only once more Ram

lightly. Amnother very good while smoke may be made
as follows:

Sulphur Acdwers 16

Saltpeter 12

Fine charcoal |

This is for outdoor use enly. Use a lttle white ®ar
composition for Rarting fre

BLACK SMOKE.

Haexichloroethane 24
Alpha naptha 6
Anthracene |
Aluminum powder 4

Roman candle compositon 6

Use white ftar composition for #arting, if Ffound
necessary.

YELLOW SMOKE. (canary)
Potassium chlorate I
Lactose 1
Paranitraniline yellow 2

Use red #ar composition for Marting either of the
above three
?ELLOW SMOKE. (olive)
Saltpeter |
Red arseruc
Sulphur
Antimony sulphids
Meal powder
No #tarting fire necessary.
RED SMOKE. tbng'htl
Potassium chlorate
Laciose I
Paranitraniline red 3
RED SMOKE. (dark)
Potassium chlorate
Lactose
Auramine
Chrysoidin
GREEN SMOKE.
Potassium chlorate
Lactose
Auramine
Indigo (synthetic)
BLUE SMOKE.
um chlorate 7

oW ey

L RTTRT .
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PART 1V.
EXHIBITION FIREWORKS.

SNAKE and BUTTERFLY

This ingenious piece of freworks is believed to have
been devised by the Brock Fireworks Co. of Sumrey.
England, and created quite a sensation at the Crysal
Palace when Arft shown about forty yeam ago. It con-
sifts of a sndake squrming around in the air after »
butterfly which manages however to evade it

The framework consifts of an endless chain of wood-
en links 4* x 8" boled together and running on four
sprockets and four idlers of a suitable size as shown in
Fig. 82. When mounted, a crank is attached to one of
the sprockets by which the wholé is operated. The snake
and butterfly are meade of lancewark which is attached
to the chain

| ==
=}

PYROTZCHNY

tally oo a spindle as The rockets pass through
screw eyes along the rim of the wheel and are matched
to fire st intervals as the wheel revolves by being con-
nected to successive drivers. On the top is a battery of
roman candles. The top wheel is Atted with ordinary
drivers containing ®eel filings and matched to bum two
at a tme, one each on opposite sides. The lower wheel
is Atted with aluminum gerbs all t» bumn at once with
the laft two drivers of the top wheel The latter are set
at an angle with the axis of rotation s0 as to give a
wider spread of fue. The battery of candles @arts with
second pair of drivers of top wheel (Fig. 83).
REVOLVING GLOBE.

This simple yet bafling and always interedting device
is conftructed as shown in Fig. 84. The frame may be
secured in different sizes, all ready for lances etc. from
manufacturers of Areworks wheels in North Weare, N. H.
or it may be conftru@ed by the pyrotechnit himself
according to suggedtions given in sketch

When the picce is buming, the globe appears to be
revolving finft in one, then in the other direction in a
modft amusing manner.

Revolvi ng Glabe.

Fig. 84.
APPENDIX.

CHINESE FIRE CRACKERS.

As far 2s is known to the writer there has never
been given in English a detailed description of this inter-
edting httle article of pyrotechnics of which there are
undoubtedly more made than of any other piece of fire-
works. The ingenuity of the Chinese in its produciion
in the unbelievable large quantities that they are made
is only equaled by the many other unusual things done
by this mo#t patient and painstaking race.



FOOR

The yearly imports to this country of Chinese fue-
crackers amounts to three million dollars which divided

among the various sizes, would amount conservalively
to eight billon crackers.

The tubes or hrecracker cases cases sre 13" long
%' outside diameter and have a bore of 5/32'. They
are rolled of a grade of paper unknown in this couniry;
perhaps the lowest grade of paper made, unsized and
quite irregular in characier; a sort of coarse blotting paper.
A small amount of gum water or rice pafte is used as
a binder and the case is finished with one tum of very
thin- red, green or yellow paper. They are rolled in
lengths of one to two feet and then cut to the required
size.

Now a block is prepared for gathering about 1000
of these tubes into a hexagon shaped bundle, as follows.
A picce of hard wood about 1" thick and cut inlo &
hexagon, each side of which is 5' wide is provided with

pointed wood or metal pine X' long and 5/32* diameter
set into the wood base so that the above amount projects,
and exactly %" apart They are also arranged in a hex-
agon with vides 4* wide. A tube is now slipped over
each pin until the entire block is flled, having previously
provided a wood frame the same size as the outside of
the block one half inch thick and having an inside dia-
slightly greater than the assembled tubes sc as to
2 to alip snugly around them. This is slipped up
down a few times to shape the bundle nicely and
détring Ged around it to further secure same.

LFe
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A piece of white paper is now pafted over the top
of the bundlee. When dry it is removed from the form
and a pi of paidted on the other side when u
is dried again. ¢ under side is moiRened at the edges
and the surplus paper neatly rubbed off. When again
dry the upper side is moistened all over and the paper
over the top of each cracker is pierced with a punch
or round pointed Mlick so that they may be charged
with the necessary powder and clay. Some operatons
hold several #icks between their fingen at one time so
as to be able to punch several holes simultaneously.

- 5
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Fig8s.

A wooden board about one inch wider all around
than the bundle of erackers and ¥%* thick with '4" holes
bored through it, corresponding exactly in position with
the crackers in the bundle, is now laid on a smooth
board, covered with Anely powdered clay which is pressed
into the holes in it, with the hand, untl it is frm enocugh
not to fall out when the piece is Lfted The surplus is
brushed off and it is placed over the bundle of crackers
80 that the clay flled holes are exaclly over the open-
ings in the tubes. A slight blow is usually sufficient to
to cause the clay to fall into the crackens. Any not fall-
ing out is pushed out with a dtick. The bundle is jarred
sightdy again®t the tabla t0 make the clay senle A
similar operation s mow performed with a thicker board
containing slightly larger holes containing the powdes
charge after which the clay board is used once more aa
described above.
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The top layer of paper is now moiftened so that it
it may be entirely removed and the clay which has be-
come shghtly moificned as well is gently pushed down
with a suitable rammer. It is then dnied in the sun. The
bottom end is now carefully dipped intc water, turned
boltom up and the paper removed from this side also,
the clay pushed down and pierced with an awl for the
purpose of ineerting the match or fuse. This is however
not done until the crackers have been again dned in
the ‘sun. Alter the fuses are inserted the ends of the
crackers are pinched around it, about X' from the end.
by a crimper or two blunt knives hinged together at ane
end and having a V shaped notch cut out of the center

of eath blade, so that when two notches approach from
opposite sides they pinch the cracker together and cause

the fuse to be held in place. When they are now fnally
dried for the laft tme they are platted together so as to
form the packs of commerce. The platting and wrap-
ping of the packs is such & dextrous pefformance that it
is useless to by to describe it as it is only scquired by
many years of succeeding generations doing the same
thing.

The following formulas are in use for making the
composition used in Chinese crackers and flash crackers:

CHINESE FIRE CRACKERS.

J

J
)

P¥ROTECHNY

FILLASH CRACKERS.
Saltpeter 50
Sulphur 30 25 30
Aluminum powder fine 20 25 40
Chlorate potassium 50 30

A very important as well as extremely difficult part
of the Chinese cracker is to make the fuse. Very tender
and skilled fingers are required to produce this insigni-
icant looking yet modt requisite adjunct. A thin @rip of
the hnedt Chinese tissue paper, about %' wide and |4°
long is laid on & smooth damp board: a Little ftream of
powder is poured down its center from a hollow bamboo
ftick and with the tips of soft skinned fingers which seem
to have an astraction for the peper and placed againg
the right hand lower comer. a rolling motion in the
general direcion of the upper left hand cormer causes
the paper to roll up into a twine like fuse The slightest
touch of pasfte secures the end and prevents unrolling.
When dry it is cut into the requred lengths and is ready

for use.

NOTE. The information upon which the foregoing article
was written has been supplied by Mr. lp Lan Chuen,
manager of the Kwong Man Loong Fireworks Co. of
Hong Kong, China.

Saltpeter 50 45

Sulphur 25 18

Charcoal 25 25

Chlorate potassium 8

Sand 4
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