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A drop o f  Ink, ttis said  
made millions think; 

A spark o f  fireworks has o f t  
made thouerandlj blink. 





Though handicapped in the struggle 
of life, I have achieved some small 
auooeae through the oona tant untir- 

9 aeaiatance of my wife. As a 
sl ght token of appreolation I dedi- 
oate to her this work. 

The Author 
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I N T R O D U C T I O N .  

fn t h e  following mork, the objec t  has been t o  place 

on file a oornplete record of  the developement of the  A r t  

of Pgrotechny up t o  the present  t i m e ,  The g r e a t  e teps  i n  

modern fireworks makirq seem to  be marked by Ruggieri In 

1812; Cher t ie r  in  1854; Kentish i n  1878 and Antoni i n  

1893. The mri ter  ha8 been unable t o  l o c a t e  anything com- 

prehensive on the eubjeot since t h e  l a t t e r  date ,  yet, i n  

the  in ter im grea t  s t r i d e s  have been made, both i n  the ma- 

t e r i a l s  used as \-re11 as i n  t h e  methods employed i n  mass 

production of a r t i c l e 8  i n  general  use f o r  ce lebra t ions  by 

the pub l i c ,  Powdered aluminum has added many beau t i fu l  

effects) P i c r i c  a c i d  is extens ive ly  used and compositions 

oombining chlora te  of potash and sulphur o r  i t s  der iva t ive8  

have, with the one exoeption of maroon composition, been 

p r a o t i o a l l y  eliminated, thua greatly reducing the danger 

of f i r e  from f r i c t i o n  and almost e n t i r e l y  t h a t  from spon- 

taneous corr.bu8 t ion.  

The formulas he re in  given a r e  a l l  taken from those 

i n  aotual  use and w i l l  p o s i t i v e l y  produce the e f f e c t s  f o r  

which they are indica ted ,  The macl~ines and too l s  shown 

a r e  those i n  uee i n  the most recently equipped fac to r i e s .  

A cautiofi added here might not be amiss. Never 

hold any kind of fireworks i n  the  hand while burning it. 

Make this rule ni thout  exception bscause sometinles the most 



unexpected explosions occur and cause p a i ~ ~ f u l  injury. In 

f i r i n g  ahella,  be sure never to  look in to  the mortar a f t e r  

the s h e l l  haa been inserted. A spark miaht have i n  some 

manner gotten insider Also never allow the arm or  hand to  

come over the muzzle of the mortar. Long sections of bare 

match should be used on she l le  so that  the one l igh t ing  them 

has ample time to  reaah a safe  distance i n  case of the 

burst ing of the gun. There i s  alnaya enough danger, ao 

avoid every unneoeasary r i sk .  

In oonoluaion I might add t h a t  i n  th i a  work, 

pyroteohny is presented ra the r  as a c r a f t  than as an a r t .  

For the a r t i a t i o  feature,  imagination only is requis i te  

but t o  work out the r eau l t s  of  Imagination i s  just  p la in  

tedious, pa t ien t  and of t en  thankless nork. Conaequently, 

i f  we have the method6 a t  hand i t  will be e a s i e r  t o  bring 

t o  l i f e  the a r t i a t i o  Ideaa* 



I N G R E D I E N T S  
---------I- 

SALTPETER 

( Potasa Ni t ra t e ,  Nitre) 

This most important in@wdient i a  made i n  New 

York S t a t e ,  of so high a quality t h a t  i t  i a  needless  t o  

look f o r  better.  I have almaye used the  double ref ined ,  

powdered, which can be obtained a t  from 5$ t o  156 lb .  i n  

barrela o f  360 lba .  For some l a r g e  work granulated e a l t -  

p e t e r  i s  advantageously used, burning elomer and being a t  

the  same time cheaper, The most s u i t a b l e  i s  "Dupont #2". 

POTASSIUM CHLORATE ( K  C 1  Og) 

This very necessary chemical i a  now a lao  being 

made i n  t h i s  country of an e x c e l l e n t  qual i ty .  The pr i ce  

however, v a r i e s  oonsiderably though it usua l ly  deol ines  

somewhat a f t e r  July 4th. The powdered, rangee from 9$ 

t o  16# lb. i n  kegs of 112 lbe .  

POTASSIUM PER-OHLORATE. (K CL Oq) 

This substance forma another valuable add i t ion  

t o  the pyrotechnis t s  bag o f  t r i cka  s Containing even 

more oxygen than the  ch lo ra te  it i s  l e s s  l i a b l e  t o  de- 

composition and i s  consequently safer t o  use. It can be 

s u b s t i t u t e d  f o r  the ch lo ra te  i n  most mixinge and may be 



s a f e l y  used i n  connection with sulphur* In p r ice  i t  i s  

somewhat more expensive than the chlora te .  

SULPHUR 

The "flamers" of sulphur,  which i s  used almost 

exclusively i s  made of good q u a l i t y  i n  l?ew York S ta te  a lso ,  

and i s  sold f o r  about 3g! lb .  i n  b a r r e l s  of 250 lbs .  I t a l i a n  

VASHED SULPHUR i s  recommended by some of the  o lder  English 

pyrotechnists  f o r  use with ch lora te  of potash bu t  the wr i t e r  

never use8 formulas containing the  tno aubstanoea, if poesi- 

ble.  It i s  almost white and comes i n  bags of 50 lbs .  

Sulphur ''florler" i s  a l s o  sometimes used a s  well  

a s  coars ly  ground sulphur,  which burns 80me~hat slower than 

the  f i r s t  two v a r i e t i e s 0  

Tiillow coal  i s  the  b e s t  f o r  fireworks purposes 

though coal  made from any s o f t  wood i s  su i t ab l e*  Pine ooal 

i s  not very desirab?,e Excel lent  charcoaL is made near 

Rochester, N. Y. and can be had f i n e l y  powdered, granulated 

o r  mixed @ 196 Ib. i n  b a r r e l s  o r  sacks. 

LAMP BLACK 

bermantown lampblack i s  very popular with p y r o t e c b  ' 

n i s t s  though there  a r e  a number of good brands on the  market, 

To make a good c l ea r  s t a r  i t  ahould be f r e e  from o i l  o r  o ther  

impuri t ies  and I have been compelled a t  times t o  bake it, 

a s  w i l l  l a t e r  be explained, i n  order  t o  g e t  r i d  of v o l o t i l e  

impuri t ies  which impair i t s  b r i l l i a n c y  i n  burning. It oan 

be bought i n  b a r r e l s  of 1 lb .  packages @ 34 l b .  



SHELLAC - 
This a r t i c l e  i s  imported and i s  very hard to  

get  r e a l l y  clean when powdered. As i t  Is almost impossible 

to power i t  oneself without machinery it must be bought a l -  

ready powdered and i s  almost always adul tera ted  with sand 

e t c  It cos t s  usually about 25$ a 1b. 

For the  b e s t  work she l l ac  i s  almost indisper~d- 

able but  f o r  stook goods, tableau f i r e s ,  torahes and many 

other uses a number of o ther  gums have been introduced, 

suoh as :'sour1 Gum, a f o s i l  r o s in  of l ight  yellow color; 

Sheel-lac, Red Gum, Copal and severa l  o thers ,  mostly mSned 

i n  the  Sandwich Islands* Besides these  a r e  used powdered 

Gum Asphaltum which produoes exoel lent  colors ,  but owing 

to  i t s  c o f i t a i n i n ~  sulphur o r  on aooount of being so e a s i l y  

decomposed, it ia  l i a b l e  t o  produce spontaneous combustion 

when mixed with ch lora te  of potass.  A mixture of these  two 

w i l l  explode v io l en t ly  when atruck with a hammer on an anvi l ,  

With Potass perohlorate,  however, it i s  e n t i r e l y  s a fe r  So 

oa l led  Green Gum nhich i s  oimply ground coconut s h e l l s ,  i s  

used as an adul terant  o r  f I l l e r  f o r  colored f i r e s  e tc .  t o  

make them bulky and i s  therefore  not to  be classed among 

gums proper* Fine dry sawdust i s  a l so  used fo r  the  l a t t e r  

purpose* Even f l o u r  and sugar of milk a r e  sometimes used 

a s  sources of carbon* Another a r t i c l e  of th is  character  i s  

STEARINE - 
In making blue f i r e s  it has been found t h a t  

s t e a r i n e  produces a b e t t e r  e f f e c t ,  e spec i a l l y  with pa r i s  
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green and copper carbonate than moat any of the other hy- 

drocarbone , It l a  mostly obtained in oakea and l a  reduced 

to a serviceable oondition "by setting a carpenters plane, 

upside down over a box and shovfn& the cakes over the blade  

so as t o  shave the atearine as fine as possible. Then it  

i s  then mixed with the other ingredients i t  will pass 

through an ordinary sieve. 

NITRATE OF STRONTIA 
-.I .. 

Thie aubstanoe i s  made prlncipa3ly in England 

and Germany and comes to thta oountrg in kege of 110 lbe*  

and in oaeka of 600 lbs* in a sufficiently pure oondition 

for uae aa reoeived, costing here fiom 6$ t o  86 a Ib* 

It is probably the most ueeful oolor produoing chemical 

used in fireworks makfng as the deep red light which it 

gives l a  the most marked effect whioh the pyrotechnist 

haa aohieved. Owing to S t e  deliqueaoent propertlee, haw- 

ever, a number of methods have boen devised to overcome 

this tendency among the mst prominent of which i a  to malt 

in an i ron  pot over a fire some ahellao and stir in nitrate 

of ~t~ontia, cobling and pulverizingr Another plan is t o  

use Carbonate of q t r o n t i a  but at the c o a t  of considerable 

dsp th of color, 

CAFBONATE OF STROWTIA - 
In damp climates there is no alternative f o r  

use of this strontium cornpound for most exhibition work 

ao a piece of lancework made with n i t r a t e  of strontium, 
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i f  exposed f o r  one hour to  a damp atmosphere, w i l l  hardly 

burn. Prec ip i ta ted  carbonate of s t r o n t l a  i a  the only kind 

which should be used and may be purchased f o r  about 164 lbe  

or  can be e a s i l y  made by adding carbonate of ammonia to  a 

aolut ion of Strontium n i t r a t e ,  thoroughly washing and dry- 

ing  the p rec ip i t a t e .  I f  sodium bicarbonate i s  used a s  a 

p reo ip i t an t  it i s  almost impossible t o  so thoroughly remove 

every t r ace  of it from the  carbonate of s t r o n t i a  as  t o  

cause an orange t i n t  when used. 

NITRATE OF BARYTA 

Like s t r o n t i a  t h i s  chemical a l s o  comes t o  ua main- 

l y  from England and Germany i n  s imi la r  package8 and costs  

usuB1Jy from 5 6  to  74 a lb.  on this side. A s  a color  pro- 

du,cer it is f a r  i n f e r i o r  to  s t r o n t i a  though i t  does not  

a t t r a o t  moisture. If used without calomel i t s  green color  

i s  so pale  a s  t o  be hardly dis t inguishable  from white* A 

b e t t e r  s a l t  f o r  making green f i r e  i s  

CHLORATE OF BARYTA - 
This gives a very beau t i fu l  emerald color but  i t s  

high cos t ,  viz: about 30$ lb. makes it l i t t l e  used except 

i n  exh ib i t ion  work. I have seen r ec ip l e s  containing Boracic 

Acid, Thalium s a l t s  and o ther  substancoa f o r  producing green 

f i r e  bu t  have never used them myself o r  known anyone vho did* 

OXALATE OF SODA 
'I- 

It i s  a s trange f a c t  t ha t  while yellow i s  the most 

common color  of f i r e s  i n  general ,  i t s  p r a c t i c a l  production 

i n  pyrotechny i s  accompanied with some d i f f i c u l t y  from the 

f a c t  t h a t  t he re  is  p r a c t i c ~ l l y  only one insoluble s a l t  of 
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sodium while a l l  the  o thera  a r e  more o r  l e s s  hyp.poscopic.. 

The n i t r a t e  and bi-carbonate give deep yellow l i g h t s  but  

the l e a s t  dampness will render them incombustible and even 

the oxa la te  w i l l ,  i n  damp weather, a t t r a c t  moisture. The 

exception i s  Sodium metmtimonate but  a s  this  s a l t  cos t s  

$4.00 l b .  and a t  bes t  gives a pale  color ,  i t  is  not much 

used? Oxalate of soda 006ts about 20$ lb. o r  can be eas i -  

l y  made by edding bicarbonate of soda t o  a hot concentrat- 

ed so lu t ion  of oxa l i c  ac id* A copiua p r e c i p i t a t e  f a l l s  which, 

however, cannot be washed bu t  must be dried on a f i l t e r  An 

excess of oxa l ic  ac id  should be maintained i n  t h i e  operation. 

PARIS GREEN - -- 
This a r t i c l e  is  made i n  New Pork s t a t e  and e l s e -  

where i n  t h i s  c ~ u n t r y  and can be bought f o r  10 t o  154 lbc  

from dea le rs  i n  paints .  It can bo e a s i l y  made by adding 

A so lu t ion  of blue-atone t o  one of arsenious acid, washing 

and drying the  r e s u l t a i ~ t  bulky p r e c i p i t a t e  . It i s  used 

i n  making blue  f i r e .  

ANTIbiONY -- 
Metalic o r  Rsglus antimony, mlzen f i n e l y  powdered 

i n  an i r o n  mortar i s  used f o r  making ~ ~ h i t e  f i r e .  It may 

be had from machinery dea le rs  6 6$ t o  76 lb. 



SULPHWT OR BLACK ANTIMONY 

This is  handled by most drug dealers  and costs 64 

t o  8$ lb.  but  i e  often so lmpurg as  to  be en t i re ly  use- 

leas .  It i s  used i n  making white f i r e ,  maroons and other 

effects .  Red and orange sulphurets a re  accasionally used 

a l so*  

RED ARSENIC,  REALGAR, ORPIMENT 

This mineral comes mostly from Hungary, i n  i ron 

kegs of several hundred pounds and ranges i n  pr ice  from 64  

t o  9$ lb .  f o r  the powdered. It is  useful  for  making ~ h i t e  

a t a r s  especial ly  a s  these take f i r e  f a r  more eas i ly  than 

those made from antimony etc. It i s  also used for  making 

yellow smoke i n  day flrenorks. 

COPPER CARBONATE 

This substance i a  used f o r  making blue f i r e s  but 

be t t e r  effeots  a re  obtained by the use of other copper com- 

pounds, with l e s s  trouble. The native carbonate is  almost 

uselssa f o r  fireworks purpose8 but the precipi ta ted is  

e a s i l y  obtained from dealers  i n  pyrotechinical chemicals 

o r  can be made by adding carbonate of ammonia t o  a solution 

of blue-stone. Chertier8 C~pper ,  i s  made by adding aqua 



ammonia oarefully to a solution of blue-atone, evaporating 

and oryatalizing. Black eulphwet o f  oopper and eeveral 

other oopper oompounde are oooasionally used. Also Blaok 

o+ide of  Copper 6 

SULPHATE OF COPPER --- 
For most purpose@ where a good blue is required 

in exhibition work thie a a l t  w i l l  serve the needs but owing 

to i t 8  being a sulphate great care muat be taken in mixing 

it with ohlorate of potaah and a separate sieve ahould be 

used f or  mixtures of these substances, whioh should not  be 

employed in any other work. It c o a t s  usually 10# t o  15# 

lba  Mixtures containing i t  muat not be stored but used 

p~omptly , af  t e ~  skis Exposure t o  moiet a i r  oxidizes this 

a a l t  and releases sulphurio acid* This can be obviated by 

using Potaee perchlorate but the result ing mixtures are 

much more d i f f i c u l t  t o  ignite In the Porn o f  stare eta. 

MAGNESIUM 

ALUMIrn. 

When about 40 years ago i t  was found that a star 

of unusual brilliancy could be produoed by the uee o f  mag- 

nesium t h i e  metal suddenly came into considerable demand 

in spite o f  i t s  then c o s t  of $75.00 Ib. but about the time 

thia price was reduced to #5*00 lb* it was found that alumi-  

num was in every way better and c o s t  l i t t l e  more than $1.00 

lb* in f ine powder. It can now be gotten from moat paint 

dealers in 1 Ib. can8 or paper O 60$ lb. 



!2&idw& 
l a  used t o  deepen the color of fireh when not suf- 

f io ient ly  deep without its use. It hae been found that the 

chlorides o f  metale g ive  the beat spectrum but the ohloridea 

ore not usually applicable for firework8 making so the ob- 

j e o t  of the addition o f  an eas i ly  deoompoaed ohloaide t o  fire- 

worke oornposStiona i a  t o  produce a ohloride a t  the momnt of 

combustion, thereby aoquiring the deairad result Finely 

divided me t a l e  a1 eo take fire apontaneouely in chlorine gaa 

and the great heat thereby produced probably oaueee the in- 

creased depth g f  color. Calomel i e  made in Philadelphia and 

elsewhere and the c o a t  waa 654 t o  ?0$ lb. but haa been recent- 

ly advenoed. 

CHLORIDE OF AMMONU 

( Sal Amoniaa) 

Ia  gometimes used as a aubatttute far calomel but i t s  

a f f i n i t y  f o r  moisture seriously interferes with i ts  general 

uae. The orystalized ammonium chloride i s  almost useless, 

containing too  much water of' cry8 t a l i e a t i o n .  

In all the o l d  works on pyrotechny, ei ther  a solu- 

t i on  oP ahellac in alcohol or .gum arabic in water is used 

t o  bind compositions for making stars and other similar pup- 

poses but a t  present in many caeerr the necessary mount of 

dextrine is added a t  once t o  the nixture and then nothing 

but water is needed t o  form it inko the desired ob j e o t a .  

Dextrine a l s o  improves the c o l o r  o f  some f ires .  It may be 



advantageously used i n  place o f  glue for l i g h t  work, 

Potato dextrine usually cornea in sacks of about 200 

lbs. and costs from 2& to  5 4  lb, Tihen used for gumming 

rocket sticks, tabs etc*, i t  i s  simply miked with cold water 

to  the d e s i ~ e d  oonsistency.  

STEEL FILINGS - CAST IRON BORINIOS - ETC. 

A beautif'ul ac in t i la t ing  effect i s  produobd with 

steal f i l i n g s  used i n  v a r i o u s  ways r The Japanese make a 

little tube of twiated paper a t  one end of which is a com- 

position which, when l ighted producea a slowing bead of mol- 

ten flux* The balance of the tube contain8 s tee l  f i l ings  

which, when reached by the fusing bead, burst into  feather 

like flashes. In other countries steel f i l i n g s  are added 

t o  gerbe, fountains and d r i v i n g  cases with resulting great 

brilliancy. A beauCifuL waterfall effeat i s  produced by 

charging from 5 0 W  200 oases 2 inohea in diam. and 12 inches 

long wlth a composition containing cast i ron borings. These 

are faatened t o  scantlings a t  intervals o f  about 1 5  inches, 

each   lo ant ling holding about 16 garbe, Theae are matched 

and ho i s t ed  to  e wire cable some 50 f ee t  above the ground. 

PPhen burned, the e f f e o t  i s  moat realiatfc as the ara  of the 

suspended mire give8 just the r l g l ~ t  curve to cause the ap- 

pearance of perapeotive while the roar of the burning gerbs 

i a  a l so  characteristic of Niagara Falls as the fire from 

the iron boringa f a l l s  to the ground. 

The bast steel f i l i n g e  for gerbs ie known as 

"needle steel" This resembles broken sewing needles but 



i s  r e a l l y  a by-product of some planing  o r  tu rn ing  operat ions.  

S t e e l  f i l i n ~ s  from saw f i l i n z  shops a r e  qul-w good provided 

they a r e  the  r e s u l t  of  hand f i l i n g  and n o t  the  p a r t i c l e s  

thrown o f f  by emery nlieels Tho l a t t e r  a r e  almost u s e l e s s  

f o r  pyrotechnica l  purposes,  

FJhen s t e e l  f i l i n g s  a r e  added t o  g.:pb composir 

t i o n s ,  t h e  s a l t p e t e r  quickly a t tacks  them f requen t ly  caus- 

i n g  the  je rb  t o  beconle q u i t e  h o t e  The s t e e l  i s  r u s t e d  and 

t h i s  a c t i o n  p r a c t i c a l l y  des t roys  i t s  usefulness .  To avoid 

t h i s  the  s t e e l  nlust be coated i n  some viay t o  prevent  t h e  

s a l t p e t e r  from a t t a c k i n g  i t r  This may be accomplished a s  

fol lows:  

In  an agate-ware saucepan p l a c e  a  p iece  of 

pa ra f ine  and cai-eful lg  melt  i t ,  hea t ing  a s  much a s  p o s s i b l e  

without p e r n l i t t i n ~ ;  i t  t o  smoke. To t h i s  add c l e a n  s t e e l  

f i l i n g s ,  a s  much as t h e  p a r a l i n e  will thoroughly coat .  

There sllould be no su rp lus  of pa ra f ine  b u t  j u s t  enougli t o  

con~ple-Lely cover each P i l i n l ; ~  Shake t h e  pan and s t i r  

f r equen t ly  while cool ing t o  prevent  tho  f i l i n g s  from caking. 

S t e a l  f i l i n g s  a r e  a l s o  used i n  s t a r s  f o r  rock- 

~ t s  and s h e l l s *  

C LAP - 
This i c  used f o r  closini; t h e  ends of most 

cases  a s  well  a s  c l l o k i n ~  them when they a r e  n o t  crimped, 

Most any !;ind o f  c l ay  will doc It must be thoroughly 

d r i e d ,  pulverized and s i f  t e d c  Beforo using i t  may be 

very s l i g h t l y  dampened. For convenience, where a l a r g e  



quantity is required, powdered f i re  clay In barrels may be 

used as this  eave8 the rather tadioua job of drying and 

OLUE 

Several form8 of glue are used in firework$ makh 

in@. For attaching lanoes to framework a good grade of 

oarriage glue is best. For attaching mine bottoms eta., 

t o  the mortare oheap carpenters glue w i l l  suffice. For 

placing she13 fuaes and securing the ends of cannon crack- 

ere good ldquid glue is most convenient. 

GUM ARABIO 

In powdered form this is used in some star corn- 

positions, espeoial ly  f o r  m a k i q  Japaneee Stars. It is 

also used in '' Son of a G m n  aomposition. 

GUN POUDER 

This i a  uaed i n  a13 grades from Dupont FFF 

Rifle t o  the ooapse grains as large as cracked oorn, for  

shells. A slow burning ponder is preferable for a driving 

charge as it reduces the liability of shells bursting in 

the mortar. 

NlEAL POTiDER 

This art ic le  is used cone5derabLy in display work 

far ~ e r b s  etc.,  and i n  shells and rockets for a blowing 

charge. It is ganerally supplied in 25 Ib. viooden kega but 

i a  sometimes difficult to obtain+ For that  reason some pyro- 

technists  make a fairly p o d  a r t i c l e  themselves as follows: 



Mount a 50 gallon wood barrel  on two uprights so tha t  

it w i l l  revolve f r ee ly  i n  centers fastened to  the haads 

On one oenter a t tach  a crank and cu t  a hole into s tde  of 

b a r r e l  su i tab le  fo r  put t ing i n  and removing the necessary 

ingredients. Place i n  the b a r r e l  300 to  500 lead b a l l s  about 

1 inoh d i m .  When it is  desired t o  make meal powder put in to  

the b a r r e l  a thoroughly mixed cornpos i t i o n  a s  follows : 

Sal tpeter ,  dbl. re f  15 1bs . 
Charcoal, willow 3 I' 
Sulphur Mowers 2 'I 

The bar re l  i s  now revolved f o r  about 500 turns. The 

longer i t  i a  turned, the stronger the powder w i l l  become. 

Great care must be exercised tha t  no foreign matter auch as 

n a i l s ,  gravel e to  f i n d  t h e i r  way in to  the bar re l  as  t h i s  

might r e s u l t  i n  an explosion. 

N E W  I N G R E D I E N T S  - 
Some years ago powdered magnesium was added to  the ar- 

t i c l e a  used i n  pyrotechny and very f i n e  br ight  e f fec ts  were 

produced with it. However, i t s  high pr ice  coupled with i t s  

a f f i n i t y  fo r  oxygen, making i t  l i a b l e  t o  take f i r e  premature- 

l y  o r  decompose the ohemioals mixed with it have caused i t s  

prao t i o a l  elimination. In the meantime aluminum, being pro- 

duoed i n  auch l a r g e  quant i t ies  a t  a low pr ice  was found t o  

be able t o  duplicate a l l  the e f fec ts  of magnesium and many 

more besidesp Added to  colored s t a r s  and torches it great- 

l y  increases  t h e i r  br i l l i anoy and beauty. Exquisite water- 

f a l l  e f f e c t s  are produced with i t  as well as comets and tailed 

s t a r e .  



For a t i n e  large quantities of the f inely divided 

aluminum (pyroaluminum) were uaed in the new flaah craokera 
l 

and the eame composition nae used in maroon shellac Be- 

aide8 increasihg the) report it gives a startl ingly bright 

flash t o  the explosion. Being unaffected by water it 3.8 

likerise moh aafer t o  handle than magnesium but care should 

be exercieed in using I t  because ea before mentioned, a l l  

f inely divided metals are l iable  t o  explosion when in con- 

t a c t  with oxygen producing ohemioala e 

Picr lo  Aoid i a  another valuable ingredient in fire- 

works making. Tihen added in small quantities to colors i t  

deepens them and inoreaaee their brll l ianay without making 

them barn muoh faster, Likew1,se beautiful colors can be 

produoed with it almost entirely free from smoke. But it 

m a t  always be kept in mind that pior io  acid, (Tri.ritra-phenol 

i a  a first cousin t o  T. N. T. vihose tremendous explolilive force 

18 well knovine For this reason it oannot be used in shells 

as stare made nith i t  will detonate when confined, instead 

of burning. Another e f fect  for which large quantities of this 

eubstanoe was used until some years ago when a fa ta l  accideat 

ocoured in a factory enployed exclusively in making them, are 

the amusing WHISTLING FIREWORKS. Piorate of potass has the 

peculiar property of emitting a shrill  whistling sound when 

rammed tightly and burned in a small tube. Vhen made in small 

quantities and carefully handled it seem t o  be reasonably 

safe  but the result o f  a barrel of it accidently detonated 

aan be readi ly  imagined. 



Another substance produaing a moat beautiful effect 

when fired f&om spec ia l ly  prepared rockets a s  n i i l  be ex- 

plained later in d e t a i l ,  is phoaphorua. It 1s with this that 

the so called t l l iquid fire" is madec This is an intensely 

yellow flame meltin8 as I t  falla through me a i r  into myriads 

o f  incandesoent part io les  ni th  a heavy background of !i~hita 

smoke. Obviouely, the greatest care must be exeroised in 

i t s  uae as phoephorua burns, even when very amal1,are moat 

painful 

Considerable quanti tiea o f  phoephorus are also used 
b 

in the manufacture of the a r t i c l e  variously kmnn a8 

"rrpit dev i lH ,  I t  Son of a gun" etc. Deaths o f  children by 

poisoning on account of mistaking theee tablet  looking con- 

trivancaa far candy and eating them has caused their  re - 
striction i n  many states .  

AMORPHOUS PHOSPHORUS I s  the base o f  moat o f  the toy 

torpedoes in use. FUminate of Silver  hio oh was used al- 

mat exolueively for this purpose 40 years ago is non a l -  

moat obsolete owing to  I t a  very eena i t ive  nature* Hoaeuer, 

i t s  method of  preparation and use w i l l  be given later ae a 

matter af reourdo 

ZINC ponder i s  uaed t o  some extent for making what 

18 known aa. Eleofric Spreader Stars. Theae produce an 

original ef t e a t ,  breaking up while burning into  many small 

bluish-green particles.  These, being propel led nith con- 

s iderab le  force give the appearance of electrical  dis- 

charges, henoe the name+ On account of the explosive nature 

of zinc dust the making o f  this star must be done with 



oaution and reserve untll it is better undaratood, 

An e f fec t  t h a t  is a l ~ a y s  beautiful, i s  easi ly pro- 

duced, Is perfectly safe under all oircwnstances and i s  susd 

ceptlble  of an i n f i n i t e  va r i e ty  of usea 18 tho Japanese or 

Lampblack star. The well knonn I7illors Tree rockets and 

ahells are mede with it and I t  may be used as garniture for 

colored rockets, mines e t c .  An unusual fullness i s  given 

to any art ic le  to ahich a small quantity o f  Jape star is 

added 



P A R T  

Unfortunately, it i s  $mpossible, entirely to 

remove the element of danger, ei ther  from the manufacture 

or use of fireworks Even, with the greatest care acci- 

dents will occur t o  bath those employed in making fire- 

works as well ae t o  those burning them. It ie here en- 

daawcored t o  point out the most f rmitful ~ourcea o f  acci- 

dent though obviously i t  i a  inpoeaible t o  foreaee every 

instance in rhiah some careleeaneae or unknown f p c t  may 

bring on diaaetere 

In the first plaoe,  alwaya keep In mind that any 

mixture containing chlorate o f  potass and aulphur, a sul-  

phide or a aulphate is l i ab le  t o  spontaneous combustion f o r  

the reaeon that under certain ciraumstances, through oxida- 

t i o n  or otherwise, minute quantities of sulphuric acid are 

l iberated,  which, s t i n g  on the chlorate of potass w i l l  cauee 

instant ignition To prevent this oondi t i o n  from ooouring 

unintentionally it muet be kept in mind that entirely seam- 

ste  places ,  a considerable diatance apart,  be used for making 

ao cel led "plain mixings" as rocket,  roman candle and gerb 

oompoaition containing sulphur, and the I' colored mtxings" 

containing ohlorate of potagsr Separate sieves and uten- 

s i ls  of every description must be employed and those working 

in the "plain1' aeations of the faatory must not  go in to  the 

rooms of those in the 'lcoloredu sect ion.  



Seoond, keep in mind that very alight f r i c t i o n  w i l l  

sometimes s t a r t  tho burning of mixtures of finely divided 

chamiaale. Star cornpasition has been known t a  explode 

while being a i f t ed ,  by scratching the braas eiave botfom 

with the finger nail, while rookots have taken fire from tho 

a o l l d  brass rammer atriking the top o f  the spindle while 

ramming. 

Third, finely divided metals, when in contact with 

ohlorate of patasa sometimes take fire suddenly. While, 

fortunat3ly thia l a  aeldom the oaae i t  must n o t  be l o a t  

sight of Even steel f ilinlja and iron boring8 frequently 

become quite warm wben mixed with sa l tpe ter ,  etc.,  and rammed 

I n t o  gerba. Fine has said to have ocourred from this action* 

In the subsequent ohapter i t  will be explained how this latter 

can be entirely avoided* ( See Steel Filings). 

Employes in the mixing and ramming rooma of factories 

should be required to wear rubber shoes while a t  work, and 

a constant source o f  danger is the carrying o f  matches. 

This oannot even be controlled by requiring the employes to 

change their clothes i n  the factory before going t o  work and 

having them wear garment8 without pockets as they will some- 

times s l i p  out for a emoke during rest hours and have matches 

aeoreted somewhere about their persons. 

small mlldiqa should be supplied,  about 12 f e e t  

square and not  less than 50 feet apart, f o r  a l l  those en- 

gaged i n  mixing and ramming operations as well as for those 

making s tare ,  and as much as p o s s i b l e  have one person t o  a 

roam. Doors should be placed a t  both ends o f  work rooms and 



should olnaye opon to the outaide with no fastenings on the 

inner aide but held closed, if desired, by spring hinges. 

Firebucketa inapec ted d a i l y ,  should be on each building 

supplemented by fire hoae conveniently plaoed fo r  emergency* 

The most eucceeeful method of reducing the l i a b i l i t y  

o f  serious acoidente t o  a minimum i s  t o  keep at all times the 

. least posaible  amount of composition on hand in the work 

rooms and t o  remove to storage or finishing rooms a l l  rammed 

ar t i c l e s  ae quickly as they aooumulatee 

When experimenting with new substances use the 

8maZle~t possible amounts of the component chemicals u n t i l  

the en t l re  aafety  of the mixture i a  aasured. Before using 

considerable quantities of new mixtures they should be sub& 

jected to exhauetive tests as f r l o t i o n ,  peroussion, deton- 

ation and moiature with subsequent drying. Also their flash 

poin t  should, if poaaible, be aecertained with suitable ap- 

paratus f o r  this purpose. 

The f irst  operation in fireworks making and i may 

eay the moat important is mixing. Chemicals are so well 

made now a id  oan be ao easily obtained in a powdered s t a t e  

that long ar t i c l e s  on pur i fy ing ,  powdering etc., are un- 

necessary* A l l  chemicals should, of  course, be obtained of 

the beet qual i ty  procurable at a reasonable pr ice  and as 

f ine ly  powdered (as  a general th ing)  as possible but chemi- 

ca l ly  pure drug8 are no t  necessary. 

For mixing on a small scale ,  round brass wire 



sieveo nFe the best. For lances and the more particular 

work #22 to #a0 mesh may be used while for p l a i n  mixing 

#16 t o  /I18 meah i e  sui table .  If 25 lba. or more of compo- 

s i t i o n  i a  t o  be mixed ordinary painted gash tuba are most 

convenient and the sieves ahould be made do aB t o  just fit 

inside the Upper edge of same while for mixing8 of from 

100 lben up trough8 are often used. For these the sieves 

are made square and f i t  j u s t  inside the troughs, same a8 

with tuba* Mixing machines ore eometimes used for bright 

work or mixinga containing no ch lora te  of potash but they 

are too dangerous for oolors 

Yith the p l a i n  mixinga, the ooal ie weighed 

first and put i n t o  the bot tom of  the tub; then the sieve 

put in place nnd the sulphur, saltpeter etc.  pushed through 

i t *  !!hen everything is sifted, bare the arms and mix well 

in every direction. Place the sieve on another empty tub 

of kame size and s i f t  from the f i rs t  tub in to  the second 

one, a ~coopful a t  n time. imen all has paaeed through 

for the second time repeat once more in the first  tub, 

mixing between siftings and after l a s t  a i f  tinge For ordi- 

nary compositions thia is sufficient but some mixture8 are 

passed four or f i v e  times through the a i e v e a .  

In colored mixings more care must be observed 

and each Ingredient a i f t e d  eeparately .the f irst  time, ex- 

cept the shellac, ooal e t c  ., which can be put  r i g h t  i n to  

the bottom of the tub. Never throvr the chlora te  of pot- 

ass on the sSave at the same time with dextrine or other 



hydrocarbon but e i f t  the potass f i r a t  and add other s a l t s  

one by one. Great care should be taken never to let the 

fingernails d t r i k e  the sieve nhile  sifting as i t  is very 

easy to "$trike f i r e"  frbm such causes, with disastrous 

effect aa sharp star compo$itiona in a loose s t a t e  are al-  

moat &a exploeive as meal powder. Special  mixing8 will be 

described when we come t o  the compositions requiring them. 

CASE ROLLING 

Thia ie the next most important operation of the 

business and the one requiring probably the moat mechanical 

s k i l l  judging from the time required t o  learn it and the com- 

paratively  small number of real ly  good oase rollers t o  be 

found in most faotorlas .  

All kinds of fireworks require a case of some kind 

except tableau fires, A good case must be t i g h t l y  ro l led  

and almost aa hard as iron. The bast arrangement f o r  case 

ro l l ing  i s  a sort of large desk made of tongue and grooved 

f l oo r ing  tightly joined and f i rmly nailed to s i l l s  of about 

2 inches thickness and tapering from 2 inches in f r o n t  t o  

6 t o  7 Inches in the back eo as to form a gentle rise from 

f r o n t  to rear. 

According to the work to be done the r o l l i n g  board 

may be made from tro to four feet wide. A marble slab aleo 

i s  good for r o l l i n g  rocket  oaaea. 

See FIG* 1 PLATE I* 
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* s t  cases are rolled from strawboard, featheredged, 

best is made in Elbridge, N. YI and comes i n  sheets 

26" x 38" with weights varying from 40 to 150 sheeta to a 

bundle of 50 3ba. For rockets, tmo or tl?ree turns of hard- 

nare or cartridge paper are used f i r s t ,  backed up by five 

or six turns of atrawboard. The captiridge paper being water- 

proof swells and contracts but l i t t l e  in rolling while the 

strawboard, be- absorbent swells oonsiderably, therefore 

when the strawboard is rolled on the outside of the case, it 

contracts in dryirq and ia shrunk on making a very firm caaeb 

Heavy manilla and ao oal led  cotton sampling paper also make 

good rocket cases i f  carefully rolled but as theae shrink 

oonsiderably in drying, the ramm%ng tools are l i ab le  t o  s t i c k  

unless specially adapted t o  t h i s  ksnd of  paper* The recent- 

l y  produced  raft" paper should make an eauellent case though 

I have never used i tc There is a l s o  a greyish rag paper which 

is  extens1veLy used for candles. 

The best strawboards and pulp boards cost  about ii25.00 

per ton. 

The l i g h t e a t  caaes used in  fireworks making ape lance 

caseaa Some pyroteohnista use poster paper of different 

colors, corresponding to the color of the composition to be 

ramed i n t o  them while others use linen paper. 

Colored paper has the advantage of making lanues 

eas i ly  di st inguishable i n  case the boxes containing them be- 

oome mixed. On the other hand it requires keeping a larger  

stock of empty cases  continually on hand which i s  sometimes 

inconvenient* Linen paper i e  much stronger and only  one kind 

i s  required, the different colors of lances being kept separ- 
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PLATE I 





ated by having boxes f o r  then1 with the colors  marked on 

the outside. 

Lances are made f rom 4'' to 3/8" in diameter and f rom 

2%'' to 4" long. Generally speaking, the greater  the diameter, 

the less nesd be the length. I generally use a lance kl' 
diam. made of r ibbod l i nen  paper 17" x 22" about 16 lba* t o  

the ream, cu t  in four, the smallest way or across the ribs 

and s ix  times the  loo,^ way or with the ribs. This makes 

24 o u t s  f rom each sheet 3-5/8" x 4& IJow procure a brass or 

copper tube with an outside diameter of a'' and some good pas te .  

Take a l i t t l e  bunoh of say one or two dozen sheets and l ay  

them aquarely before you on the r o l l i n g  board and holding 

them doan tightly with the left hand, rub them gently toword 

you with the thumb nail of the r i g h t  hand 80 that each one 

w i l l  s l i d e  about ti' below and to the left of the one under it. 

Apply paste to these edges, l a y  the tube now on the top sheet 
- 

about $!"rrorn the bottom o f  same and 1/8" f r o m  l e f t  or pasted 

edge. ?$ith the ends of the f ingers  o f  t ho  r i g h t  hand bend 

the lower  edge around the tube, layin& over about and r o l l  

to uppa1 pasted end. Then ~ i t h  a t u r n  of the fingers t a i s t  

the bottom in* The bottoms siiould n o t  be made t oo  s o l i d  and 

if even a 1itt3.e ho1.s is left Sn them it ~3.13. be easier after= 

wards to stick them on tile pi i l s .  Sometimes when an exhibition 

ie made on the grounda and not subject to much handling, they 

are made tithou' any bottoms. They may non be thrown l i g h t l y  

in a basket 'or sieve to dry. These oporotions while very 

simple are qui ta  hard to describe and a few moments of prnc- 

t i c a l  demonstration in m a t t e r s  of rnoch~llical d e t a i l  ; r i l l  go 

f a r the r  than s e v e r a l  pages of d e s c r i p t i o n e  
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Pin Wheel caaes and Match Piped are ro l led  in a 

general nay the aemb as lances, exaept that no bottoma are 

made t o  them and bras8 or eteel rod8 are uaed inatead of 

tubee. The moat convenient e l s e  far matoh pipes  i a  one yard 

in length and Diam.  Wee a good quality o f  manilla or 

h a f t  paper 24' x 36n, 20 1b. t o  ream. The quire is o u t  the 

longest way o f  the sheet, into strips 4" t o  5" vide, A ateel 

rod four f e e t  long i e  the best for rolling them* Pin Wheel 

pipee are ueually made 12" long and 3/16!]; Diam.  Sometimes 

one end i e  mads s l ight ly  fume1 rhaped by pasting a & t r i p  of 

paper 6" long and 2" wide a t  one end tapering t o  #' a t  the 

other, ro l l ed  around the end o f  the rod& Rolling matah pipes 

properly &a one of the most d i f f l a u l t  operatione t o  rmeler, 

in the buainesa. It is therefore adolaable to begin on shorter 

pipes  until praotice i s  ,aoquiredr 

ROMAN CANDLE CASES 

These are also eomevshat difflrrult t o  roll* It I s  

aXmoat essential to have feather edged boards for this aork 

and preferably atranboard. The sheets for one t o  four ba l l  

oandles are paated entirely over with rather th in  paste.  From 

s ix  b e l l  up, only about 4" on eaoh end of the sheet should 

be paated but on both aides. The manner o f  proceeding is t o  

lay a sheet on the r o l l i n g  board, pretty well up near the top, 

and upa ide down. Then with a 4' P l a t  paint  brush apply . 

paate quite  heavily on about 4" of the top of the sheet and 

about the same amount on the bottom. Novr place another sheet 

on top of this but about one inch loner down, eo that an inch 
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of the i i r e t  one extend8 beyond the next on top of it. Pagte 

as betore and repeat the operation unt i l  a dozen or &re 

sheets are in the p i l e .  l o n  reverae the entire l o t  a t  onoe 

so that the former bottom one r i l l  be on top. Paste over 

the bottom and top edges o f  p i l e  now expoaed and rub off e u r -  

plue paste with a scrape o f  the rod and you are . art ready t o  

begin rolllngr ( FmUiU 2. PLATE I ) 

Iay  the rod aorose the p i l e  about 3" from the bottom, 

l i f t  bottom edge of f i r e t  sheet, l a y  i t  over rod, draw rod 

with paper around it book, until edge of s t r i p  is on top of 

rod and by rrliding the f ingere along the rod and edge o f  sheet 

until same at ioke f irmly t o  Z t ,  for i t e  entire length. Now 

roll f irlnly along, one hand following the other until the 

whole sheet i s  rol led up, oare being taken that the oase doee 

not run t o  one side. By a quick baolcward t w i a t  o f  the rod I t  

%a now ~ernoved from the former and pleoed on raok f o r  drying. 

The dlamter and lengths of roman candles ha8 been 

changed and reduoed so often of late years that no standard 

o f  aiz;es can be given but the following w i l l  be found t o  be 

as useful as any for the average work and may be uaed corn- 

paratively. Special e i e e s  may be e a a i l y  adapted t o  the re- 

quired c i rcwtancee .  When cutting paper for candles and 

other caeea ae well care should be taken t o  always out so 

the care r o l l 8  with the p a i n  of the paper and with the 

faather edge a t  the top o f  the sheet. 



NO . - 
1 b a l l  

2 " 

3 " 
4 I' 

6 " 

Length Bore - 
46;" 5/16" 

Size of sheet. No. of stramboard -- 
4* x 6" 140 

53" x 7" I1 

6Q" x 8" 11 

8Q'' x 10" II 

12'' x 13" II 

Cases f o r  rockets, gerbs, fountains, tourbi l l ions ,  saxon6 

etc., and the small paper p n e  used fo r  mines, f l o r a l  she l l s  

etc., require  oonaiderable a k i l l  and s t rength f o r  ro l l ing ,  

especial ly  the la rger  sizes.  After seeing a great  many case 

r o l l e r s  a t  work and employiw a t  d i f f e ren t  times t h e i r  various 

methods, I have come to  the conclusion t h a t  the following i a  

not only the eas ie s t  but  makes the bes t  case. 

Procure a small hair  scrubbing brush of g o d  qual i ty  

and long a t i f f  hair .  Have the paste somewhat s t i f f e r  than 

f o r  candlea. Lay the sheet o f  strawboard on the r o l l i n g  

board, ( In the case of rockets, with the sheet  of cartr idge 

paper on top of it. ) Now, with the scrubbing brush rub 

some past$ evenly over the car t r idge paper, (not  as much aa 

f o r  oandlee) and immediately r o l l  up as t igh t ly  as possible, 

except the l a s t  two inches o r  so. Now paste the sheet of 



atrawboard over ae you did the oartridge paper and place 

tbs pertly rolled oase on top of it about 2" or 3" from the 

end nearest to you, aeelng that the edge8 of both are even. 

Raise the end of the strawboard projeoting behind the already 

partly rolled cage and bend it around ao It Will lay between 

the part  of the oartriage paper &art Unrolled, and continue 

rolling, preaaing meanwhile, the case firmly to the rolling 

board or narble alab u n t i l  the cage i s  completed. This 

leaves a case that I s  already half dry and when completely 

40, should be f i r m  enough that i t  cannot be bent in on the 

ends with the fingers. The advantages o f  this method o f  

rolling heavy caaes $8 that the paper, s speo ia l ly  the straw- 

board haa not the t h e  t o  beoome softened and swelled up as 

whan a number are paatad down a t  once, and a tighter, cleaner 

and more easi ly  and quiokly dried oase results. If too much 

paste  i a  used, whan the Osee dries, the water from the paste 

evaporates, Leaving the oaae spongy, 

The eizea'of  roakets vary as much as those of candles, 

consequently the following l i a t  can only be used approximately, 

SIZE LENGTH -- BORE LENGTH SHEET STRARBOARD N O e  STW IBD HDPJe PAPEI 
_I 

3p1' 10 I' 140 
13 'I I1 

u 17#" tt 

112" 20 120 
9 /l6". 2 3" II 

I1 
12" 

s /8" 10" 
It 

12" 
3f 4" 20" 17" 
7 fill 2 6" 140 26" 
1 26 I' 120 25" 

26" 120 50" 
52"* 120 50"# 

4# These can be conveniently used in two lengths. 



M I N E  C A S E S  
a = - -  . c v w u -  32 e 

HEIGHT 

FLORAL SHELL GUNS - - 

NO. STRATIBOARD 

G E R B S  
. I W I I V  

NO. ~ I 3 8 . m ~  

9 'I 
11 " 
13'' 
15" 
1511 Niagara Fa l l s  

SHELL CASES -- 
These, thou@~ not being ro l l ed  (except the canis te r  s h e l l  

caeee) properly come under th ia  division a s  they a r e  pa r t  o f  

the caae r o l l e r a '  buslnesa, t o  make and a re  oomposed of paper 

and pas te*  \ 

There a r e  two ways of making them. One, roughly apeaking, 

cons is t s  of papering the insids  of a hole; the other,  papering 

t h e  outeide of a ba l l .  'vJe will take a s i x  inoh diameter s h e l l  

aa an example t o  work on as  S t  i s  the most popular eiee and 

the same method i e  employed f o r  a l l .  F i r a t  procure a perfeot- 

l y  round b a l l  of wood o r  some other substanoe, 5 inches i n  ' 

diam. He then cut  s t r i p s  of strawboard and tag board or  heavy 

paper of  most any kind, about wtds and 46'" long and paste 

them on a board, one on '  top of another, with S O  much Paste 

between them t h a t  they will not s t i c k  together but will become 
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s o r t  and pulpy. I have used a sopti of red building paper 

aold i n  r o l l s ,  whioh made a b e t t e r  d a m  than any other kind 

T ever used. The etranboard aha other papep ehould not be 

pasted i n  t h e  same p i l e  but  two p i l e s  made, one p i l e  of  each 

kind yt. 

Now emear the b a l l  o r  mold well wtth paste so i t  w i l l  - 
be wet enough to keep the paper from1* drying and e'thklng t o  

it before ahe l l  oaee can be finlshsde Then take s t r i p s  of 

paper from e i t h e r  p i l e  f i r e t  and l a y  them on the mold, be- 

glnnlna on top and running half way down the aide. Lay the 

second a t r i p  so it w i l l  l a p  over the f i r s t  one about *I1 a t  

the lower end and almost over it on top but g"' lower down. 

The t h i r d  s t r i p  should a ta r t  s t i l l  a half  inch fur ther  down 

from the top ahlls the fourth  s t r i p  again s t a r t s  a t  the topc 

This w i l l  prevent the she l l  case, from becoming egg shaped. 

Continue t h i s  u n t i l  the en t i r e  upper half of the b a l l  has 

been covered wlth paper. Each a t r i p  must be fimnly pressed 

down and a l l  surplus paste  squeezed out with the f ingers.  

Now repeat  the operation aa before but using the other paper. 

The object  i s  t o  make i t  eas ie r  to  see where one layer has be= 

gun and the other  ended as each layer  i a  put on* Another 

way i s  to  c u t  the a t r l p s  a foot long and a f t e r  softening with 

paste  as above, lay them on the mold from the top to  the 

middle, tear lng off the a t r i p  a t  the required point and l e t -  

t i ng  seoond and th i rd  pieces s t a r t  half  an inch below 'the 

other  so as  not to  ge t  the top too thick aa explained above. 

After the th i rd  layer  has been put on one should be 

l a i d  on crosswise, crossing as much as  possible the f i r s t  
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layers, This prodeaa is contintaed) oreasing each s t r i p  ae 

f i ~ m l y  as possible until the Qaae i e  nboht 3/8" thick a t  the - 
edges where it is usually thinest, and not over 5/8" on top. 

If the work has been properly done the ha l f  shell oan now 

be sLipped o f f  and allowed to  dry* men dry the lower edge 

ahould be trimmed off with a a b r p  knife a t  a point that w i l l  

make two h ~ I ~ 9 8 ,  when put toaether show a fair sphere, 

The other method i a  to have a wooden blook hol- 

lowed out so aa t o  have a hole in it 5#' in diameter and a 

perfeot eemisphere* Or a mold mag be made by taking a ball 

of this diameter, oiling it we31 and aetting it halfway of 

i t s  diameter I n t o  a box of wet plarrtsr of paria NO,W then, 

proceed aa before, exczept pasting the a t r l p a  inaide the 

hollow instead of on the outaide qf the ball.. This w i l l  make 

a batter looking ahelS and 5 believe, a stronger one when 

properly done. The paper may be out into atr ips  a f o o t  or 

more long and torn of f  aa they reach the edge o f  the hollowe 

In thia way a l l  vraate is avoided and the r o y ~ h  edge made 

more even and regular, The strips should be pressed very 

firmly as the quality of the shell depends on this. If the 

preeaure against the fingers, in nabbing out the paste ,  makes 

them sore, a piece of wood about 3'' long and 19" wide, roun- 

ded and allghtly curved on the edge, may be used as a sort 

of squeezer. If the nork has been well done, the case should 

be aa f i r m  as wood when dried* To a s s f s t  i n  removing the wet. 

shell case from the mold, firat place in the battom of i t  two 

strips of 010th a t  right angles nith the ends protruding over 

the sides, long enough t o  permit pulling the case out by 

them when i t  i s  completed. 
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In addition to these methods very good ahells can be 

e a s i l y  and quiokly made where hollow b a l l s  of zinc,  t in or 

mood oan be obtained. The wood half balle need only to be 

well glued together and they are ready for use. Thoae of 

ainc and tin require to be papered just as directed  f o r  

ahell making plith round mold stxospt that entire b a l l  i a  pa- 

pered until it i s  about t" inch thick for 6" ahell and p 
for 10'' shells* Others in proportion. 

The cases for oylindrioal or oanis ter  shelle need no 

detai led  deaoriptian as they asla made just l i k e  any other 

heavy oaae. A former of the requjJled a l e e  is prooured and 

the case rolled thereon'juet as f o r  a mine, of strawboard 

or other paper. '.lhen thoroughly dry the wooden heads or 

plugs are f i t t e d ,  nailed i n  with 1 " iron brads, or well 

glued i f  made with a flange and carefully sealed all around 

with aeveral thicknesses of good manilla paper. 

DRYING CASES -- 
For a l l  cases more than 6' long, racks are most conven- - 

tent  for  drying themc These are made of strips of ~ /8 ' '  x 2l' 

cypreee or other light wood, suitable for  supporting them. 

The longer the cdses, the farther apart the strips shauld 

be. When f i l l e d  with cases they ahould be moved to a n e l l  

ventilated room or covered platformr If placed in the sun 

they will be badly warped nben dry. (FZGIJI7.E 3, PLATE I ) 

Center and end strips are  7/8" x 3". 

Small cases may be thrown into s i e v e s  2 f ee t  wide by 

4 feet long, made of 1 material, 4" deep and the bottoms 

oovered with hardnare cloth of 6 " rnesl~. 



When cases are stored away care should be taken t o  pro- 

tect them from roaohea and mice as these are attracted by 

the paste. 

FORMERS 
L__I 

All paper oases are rolled on formera of one kind or 

another* For rookete, g'erbe e t a  ., theee m y  conai6t of hard 

wood at iake  but better formere ere mads of l ight bras8 tubing 

with an outa3.de diameter equal t o  the diameter of the care de- 

aired. m y  ahould be one t o  two Inches loneer than the ln- 

tended case and f i t t e d  with wooden handles t o  enable them t o  

be eaeily removed when cage f s  rolled.  (FIOURE 4, PLAm I ) 

Mines eto., are ~ o l l e d  on wooden rollers, the end o f  

which is turned down t a  a oonvenisnt size t o  fit the hand* 

Roman oandlas are ro l led  on rods of  mechine eteel while match 

pipee and p in  wheel8 are ro l led  an thin braaa or eteel mda. 

Lanoes on s m a l l  braaa tubing. 

PASTE - 
Without this 8-19 article,  I doubt if any great amount 

o f  modern fireworke oould be produced, ae i t  $8 in almost 

constant demand in every departmanti of the factory* 

Many naga o f  making aa well as a number of preparations 

for preeerving paste  have been given. However, the one I am 

about t o  desoribe, I think, not only the beat and eimplest 

but requires no thing for preserving and if properly made, w i l J  

keep for a month in winter. The proceae coneiats mainly in 

allowing the batter t o  sow before cooking; and cooking by 

adaing boiling neter inatead o f  placing diredt ly  on the fire 
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where i t  is l i k e l y  t o  g e t  lumpy o r  overcooked. The fol lowing - 
d e t a i l s  a r e  fop making pas te '  i n  l o t s  of t W o o  br  four  buckots 

p e t  day4 

Procure two deep trooden tubs  of about 20 ga l lone  capa- 

c i t y *  Buy a b a r r e l  of t h e  cheapest grade of f l o u r  you can get. 

Samples o r  sour and wormy f l o u r  n i l 1  do i f  it i s  n o t  adu l t e r -  

a t e d *  Put 2 o r  3 bucketsful of  f l o u r  i n t o  one of the tube and 

add water, s t i r r i n g  meanwhile with a paddle u n t l l  wel l  mixed 

and about a s  t h i c k  as i s  convenient t o  handle. It does not  

ma t t e r  if it i s  lumpy a s  t h e s e  a l l  come o u t  i n  t h e  souring. 

When t h e  tub8 has  been f i l l e d  n o t  mo- e than one t h i r d  f u l l  a l -  

low it t o  r e s t  i n  a warm p lace  (about  90° I?) f o r  two o r  t h r e e  

days by which time fermenta t ion  w i l l .  have set  in. Then t h e  

fermenta t ion  i s  complete t h e  f l o u r  n i l l  have s e t t l e d  a s  a  

heavy b a t t e r  i n  the  bottom of t h e  tub  with a sour  brownish 

l i q u i d  over it. Pour t h i s  off and f i l l  s e v e r a l  buckets about 

one t h i r d  f u l l  of this b a t t e r ,  Non have a  water b o i l e r  of 

about t e n  g a l l o n s  capac i ty  vritli f a u c e t  i n  bottom, on a  gaso- 

l i n e  s tove  o r  furnace  and when this i s  f i l l e d  u i t h  b o i l i n g  

water p luce  one o f  t h e  buckets  of  b a t t e r  under the  fhucet. 

Open i t  and n h i l e  the water i s  running i n  stir i t  b r i s k l y .  

The con ten t s  of t h e  bucket n i l l  a t  f i r s t  become as  t h i n  u s  

milk but  as  i t  begins t o  f i l l  i t  n i l l  g radua l ly  th icken u n t i l  

i t  can h a r d l y  be s t i r r e d  if a l l  the d e t a i l s  have been c o r r e c t -  

l y  followed, and a b u c k e t o f  c l e a r ,  c l ean  and very s t j c k y  

pas te ,  f r e e  f'rorn a l l .  lurnps n i l l  be the r e s u l t *  The o t h e r  tub  

may be used a l t e r n a t e l y  v i t h  t h e  f i r s t  f o r  sour ing  b a t t e r  

while t h a t  i n  the  f i r s t  i s  b i n g  used f o r  p a s t e  making. 

Tl i ia  pas te ,  hav ing  been soured befol-e cooking cnni?ot sour  ag?in 
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, i 
, and n i l 1  not become ;-latery. 

Qlue and dextr ine  a r e  sometimes added t o  make paate 

bind b e t t e r  and alum, bluestone, s a l i c y l i c  ac id  etc., to  pre- 

serve i t  but  these a r e  a l l  unnecessary if made as above. 

CRIhlP Ii?G 
-..I)- 

Someti~res p r b s  eto.  a r e  choked o r  crimped t o  re-  

duce the opening, %n plaoe of using olny. This i a  done by 

taking a tulin o f  s t rong  s t r i n g  o r  piano wire around the case 

nhi le  s t i l l  xe t ,  about 3[4It froin the end and draaing t i g h t l y  

nh i l e  turnin@ the  oase s l i g h t l y  ao a s  to  make n nea t  job. 

One end o f  the s t r i n g  should be t i e d  t o  a  wall o r  some un- 

y ie ld ing  ob jeo t  a h i l e  the  o ther  $8 passed around the body. 

(FIGURE 5, PLATE I) ( a )  A nipple n i t h  a  s h o r t  point  s l i g h t -  

1 - r  smaller than the  des i red  opening t o  be l e f t  i n  the end of 

the case,  ahould be inser ted  about 1/2" before drar~ing the  

s t r i n g  so t h a t  the  end of the case !/ill be kept open and 

crimpirig nea t ly  done (b )  A mechanical device made by a Cin- 

c i n n a t i  maclline works does the work very nea t ly  and much 

qrxioker than the  3 t r i n g  p r o  cess 

R A I I I N G  

A s  this operat ion v i i l l  be descrlb ed i n  d e t a i l  under 

each of t h e  a r l t i c l e s  t o  be rammed as  ne come t o  them, only a 

feu genercl d i r eo t ions  v ~ i . 1 1  be givenc A l l  ramming should be 

done i n  small sheds as  f a r  ren~oved from the  balance of the 

fac tory  GS p r a ~ t i c a b l o  nnd nith one side open toward which 

tho opepator should alnays have h i s  back ifhilo a t  norkc A 

s tou t  nood block, e i t h e r  r e s t i n g  oil ths  groui~d o r  over a foun- 
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beat malleta a re  those made of raw-hide* These are round and 

run i n  weight from Ibe to 10 pounds. About 2 lbs .  is a 

good wei@t f o r  the average work. (FIGURE 6, PLATE I,) 

Ramminq toole should be made of brass o r  gun metal ; 

a l so  the nipplea while the spindles for  rocket8 must be made 

o f  steel, 

Scoops for taklng up the desired amount of oomposi- 

t i on  a t  a time, can be made of t i n  or  any l i g h t  metal and 

ahould be provided i n  d i f fe rent  s izes  from about 9" i n  diam. 

and 1" ion$ to 1" diam and 3" long, with about s i x  interme- 

d i a t e  e iz  la as some oompositlona work b e t t e r  when rammed i n  

small quant i t ies  than others with the same cal iber  of cases. 

RAMMING YITH 3OD AND FUNNEL 

For a l l  amall work euch e s  serpents, aaucissons eto., 

make a funnel about 4" high, 3" diam. on top and 5/16" a t  

the bottom, without a spout (FIGURE 7, PLATE Is) (a)  Proowe 

a rod 1/4" diame and 12" to  18" long according to  work to  be 

dose. 4 wooden knob may be fagtened to  top of aame f o r  con- 

venience i n  ramming ( o )  @ In  use, a case i s  slipped on a 

nipple ( d ) ,  The funnel, half Sull of c o ~ o s i t i o n  haa i t s  amal l  

end inser ted  i n  top of aase and with the rod moved up and 

down, a t r ik ing  the b o t t o ~  firmly eaoh time, the composition 

becomes rannned with suf f io ien t  so l id i ty .  When case has been - 
~ a m e d  to  within 1/2" of top, fume1 i a  removed and a charge 

of clay i a  added t o  atop and, by s t r ik ing  clay a few blows 

with a l i g b t  mallet and sui table  d r i f t  o r  rammer. The ar- 

rangement for lances i s  somewhat l ighter .  The funnel b i s  
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very e f f i c i en t .  It i s  2-1/2" diem. on top and 2-112'' high - - 
with a 3/4" shoulaer on bottom and a spout 1/4" outside dia- - 
~ t e r  p r o j e o t i q  from bottom for  114'' ; ~hSg, nhbn r b m v ~ ~  - 

from lnnco loavos juat the propor mount of oaeo ompty fop. 

priming. ' 

M A T O H I N Q  
IC.I)I..III)L... 

This i s  the term used to  designate t h a t  function of . 
pyrotechny which consists  i n  bringing f i r e  to the various de- 

vices aa they a r e  burned. In most of the individual a r t i o l e s  

a short-piece of match is  twisted i n  the nosing of the Tirapper 

o r  faatened otherwise. In s e t  pieoea t h i s  operation takes on 

an importance aeoond t o  none i n  the a r t .  

S ta r t ing  a t  a leader o t  which a s e t  pieoe i e  

l igh ted  and which must be long enough to reach from the de- 

vice when ereoted, t o  a oonvenient distance from the ground 

so the  operator oan reach it the matoh m e t  lead  t o  every par t  

of the piece. 

The matching of lance work i a  f u l l y  deaoribed under 

t h a t  heading. In the oase of ae t  pieces consist ing of gerba, 

wheels, eto., the gerb i a  f i r s t  primed by smearing a l i t t l e  

prlmlng gn inside of choked end of case. A nosing i s  put  

on, c o n s i s t i v  of 2 o r  3 turns of s tout  paper ro l l ed  around 

end of oase so as t o  projeot  2 inches beyond end. About half 

an inch of the piping i s  removed from a length of quick-matoh. 

This I s  bent back, inserted in to  the nosing and secured by ty- 

ing t i g h t l y  with two half  hitches. The match is n o w  brought 

over t o  the next gerb and bent a t  r i g h t  angles over it. A t  

2 inches from t h i s  point i t  i s  bent back again ontd i t s e l f ,  
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and a t  point  of f i rs t  bend, again a t  r i g h t  angles so as t o  

lead to  the next gerb. (FIGURE 8, PLATE I) A t  the bottom of 

t h i s  bend the piping i s  cu t  off ,  bearing match with a sharp 

knife and th ia  portion pushed in to  nosing of second gerb and 

aeoured by tying a8 before* Candles, wheel aasea eto.  a re  

t rea ted  an the  same manner. 

If a gerb ha8 been properly primed i t  i s  not neo- 

eaaary f o r  the match to enter choke a8 f i r e  w i l l  reaoh it from 

priming . 
It i e  a good plan to  have the leader from which a 

piece of fireworks i s  ignited,  to run to  each aeotion of 

same, i r respect ive of  the f a c t  tha t  said sections a r e  already 

oonnected to  one another i n  the proceaa of matching it, as 

sometimes a length of match w i l l  go out i n  the center of the 

pipe, owing to some defect  ndt observed i n  making; it. It i s  

therefore advisable t o  have the match joined wherever it 

crosses, a8 f o r  instanoe, on top of a lance, guarding as much 

es possible against a l l  chance f o r  one o r  the other seation 

t o  f a i l .  

If it i s  desired to  Have one par t  of a piece t o  go 

off a f t e r  the other has been burning a while, aa when candles 

o r  gerbs are used i n  connectton with lance work, these gerbs 

etcs., are  matched to  a separate, leader which may be f i r e d  by 

hand a f t e r  the lance8 a re  half oonsumed, o r  they may be con- 

nected to  several lances about half aay down so tha t  when they 

have burned to t h i s  point  the balance w i l l  be l ighted auto- 

matically. This i s  done because, lances burning so much longe- 

than candles o r  gerbs, i f  a l l  are  f i r e d  a t  once, the gerbs e t c  

would be f inished before the lances aere ve l l  under way, while 



i t  is best f o r  the f i n e s t  e f f e c t  to  come a t  the end. 

P R I M I N G  
...--.-I- 

In  order to insure l igh t ing ,  especially i n  exhi- 

b i t ion  work, a11 gerbs, wheel cases, lances etc., a re  primed 

which consists  o f  smeering a l i t t l e  mis t  gunponder about the 

mouth of the caee. Primin6 i s  made by adding nater t o  grain 

powder i n  a su i tab le  receptaole u n t i l  the powder becomes 

pasty. A l i t t l e  alcohol and dextrine oan be advantageously 

added. 

FINISHING 

In fac tor ies ,  nhers stock o r  shelf goods are 
b 

made' t h i s  Is qui te  an important department. A l l  kinds of 

fireviorks a r e  covered with some kind of colored paper and 

of ten s t r i p e s  and borders a re  added. Candles, rookets 

serpents, small mines and t r iangles  a r e  covered with d i f -  

fe ren t  colored poster.  Flower Pots a r e  uauallp covered with 

oal ico paper while fancy rookets, l a rge  mines saucissons, 

f l o r a l  shel l s  and fountains we covered with glazed paper, 

s t r ipes  being added where desired. The s i ze  of cuts aa given 

here a re  for use with candles and rooketa of the s ize  shown 

in this  work, They a r e  usually 2" longer than the a r t i c l e  . 

to  be papered i f  5% has to  be matched a t  one end and tuoked 

i n  a t  the  other; 1" longer where matchine; only i s  done and 

the same length where only the case i s  oovered as i n  mtnes e tc  ,.k- 

1 ball Roman Candaes 
2 I' . I t  
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12 Ball  Roman Candlea 

II I1 I I  
5" x 21" 

16 
II II n 

6'' X 24" 
20 

I1 II 11 
6" X 21" 

25 I1 11 I I  
6" k 3 'I 

30 6"' % 38" 

- 

4 
6 'I 

8 I' 
1 lb. 
2 Lb. 

Sky 11 Rookete II 

It II 
I I  It  with cone 
II I t  

WRAPPING 

To make a good neat, t l g h t  an8 strong bundle l a  about 

a8 important and I may say d i f f i o u l t  t o  l ea rn  aa any other 

p a r t  of the fireworks business. 

Roman Candles from 1 to  4 b a l l  a r e  packed 3 dozenrin 

a bundle. From 6 b a l l  up, one dozen i n  a package. The pack- 

ages of one dozen are made o f  two forma, vizr four sided and 

a ixa ided .  (FIGLREQ, PLATE I.) b anda respeotively. 

To make the four sided package o f  1 dozen. 8 b a l l  

candlea l a y  f ive  on the  bench i n  f r o n t  of you so tha t  *he 

candles run pa ra l l e l  v i t h  the bench. Mark. the space they 

cover and fi t  in to  top of bench four  wood pins about one inch 

of which pro jec t  above, two on each long s ide  of the spaoe 

oocupied by the 5 candles, so same may be e a s i l y  l a id  between 

them. See dota, FIGURE 9.(b)~ow cut  a sheet of manilla paper 

l g Y  long and 14" wide and l a y  th i s  between the  pins just aa 

the candles l a i d  before, and replace the f ive  candles, now on 

top  of  the paper between the pins . On top of these f ive  place 

four more and on top of them three. This makes twelve. 

Draw the paper t i g h t l y  over them and f o l d  i t  l i k e  a druggist 

makes a bundle. Now olose the ends as follows: with two 
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f$ngers press the top of the folded paper over  the end of 

three top windlee; then, holding same down with both thumbs, 

fold  i n  the tvo s ides  of  package with the firat and second 

finger8 of each hand a t  the same time; then holding these 

folds with the l e f t  hand, l ift the opposite end of the bundle 

with the  r ight  whioh w i l l  oauee the bottom to  fo ld  i t e e l i  over 

the other foldae Now, nlth  the brush dipped in th ick paate 

give the end a daub on the l a s t  fold  and while the bundle i s  

a t i 3 1  standing on th ia  end fold the top end the same nay. 

Before folding the l a a t  fo ld  give i t  a daub of paate a8 you 

did the other  end. Lean against  the na11 and plaoe a paper 

weight o r  t i l e  on top of and t o  hold i t  i n  place u n t i l  dry* 

After a quanti ty a r e  packed lZke thia and dried the labels 

are aff ixed* 

To make the six sided bundle a person must firat 

l e a r n  to form the oandles in the hand* Count ou t  one dozen 

candlea and encircle  the bunoh a t  one end with both hands. 

Noa work them about (thia i s  hard to describe on paper.) -ti1 

they form a t r iangular  bunch ( B )  with three oandlea on each 

s ide of the t r i ang le*  ?hen th i s  has been accornpliahed, l a y  

them on the wrapping sheet ( cut aa described above, though 

preferrably wider) holding them l i g h t l y  ao they r e t a i n  the 

t r iangular  form. To ge t  the paper around them nithout having 

them fa11 in a heap i a  s t i l l  harder t o  dtsscrive and equally 

hard t o  master though easy enough when learned* Once the 

bundle has been eot ten  to the wrapping sheet one $and is  suf- 

f i c i e n t  to maintain i t 8  form ao vrith the other lift the side 

o f  the eheet nearest  you and bend it p a r t l y  around the package 
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80 you can hold it nhile the other hand i a  releas48 long 

enough to enable i t  to take the paper on that aide.  ~ t r a i g b  

ten and f l a t t e n  S t  tml l  on over the oandlee and be@d fioll- 

ing up the bundle u n t i l  the other  edge of the paper i s  reached 

Paate $hie edge and lap Zt on the bundle and you are ready 

f o r  the corner80 It the bundle has been properly made, when 

i t  l ays  on one of the face8 of the triangle, the top row must 

be composed of 2 oandles; the second row bethe third row 4 

and the bottom row 3 r  NOF~ bend the  paper down from the top 

f irst ,  then bend i n  the tmo upper sides,  then the two loner  

sides and f ina l ly ,  by l i f t i n g  the bundle, from opposite end, 

the bottom fold8 over a11 the others. A l i t t l e  pas te  aecures 

i t  a s  dedcrlbed above. 

The bundles o f  smaller oandles are formed i n  a 

wooden former, hollowed out  t o  the size of a bundle of 3 

dozen ( c )  and when i t  i s  packed with the required number they 

are seoured with a atring preparatory to  wrapping. 

Short 8tSck sky rooketa are nearly always packed i n  

paper boxes., long eticks a r e  paoked a s  followst Cut some 

piscee of  #18 i r o n  wire 6 inches long. Then take half o r  a 

docen rocketa with the heads a l l  even and work them i n  the 

hand8 u n t i l  they form aa square a bundle as poaaible and 

bend one o f  the pieces of wire around the s t i cks  j u s t  below 

the matches. This should be done with one hand while the 

other holds the bundle i n  shape. Now pass another wire 

around the gtioks about a foot  from the bottom* Cut some 

pieoe~ o f  strawboard aa wide as the bundle of rockets  on the 

wide sides and long enough t o  go completely over the heads and 

down the other s i d e  nearly t o  the matches. Cut some wrapping 



paper s i x  inches wider than the  rocket head bunch and lon$ 

enough to  go twioe around it. Paste the f a r  edge f o r  about 

1 inch and l a y  the bundle of rockets  with the  strawboapd 

around it, on the  sheet  and wrap it up as t i g h t l y  as possible.  

Fold i n  the  upper end; secure wi th  a l i t t l e  pas te  and set  

as ide ,  heads downward, t o  dry. Later ,  the o ther  end m y  be 

gathered i n  and secured with another pieoe of wire. 

Vheela, t ou rb i l l i ons  e tc .  a re  made in to  most any kind 

of a package des i red ,  while mines, founta ins  e tc .  a r e  given 

one o r  two turns  of paper over  the  f i n i s h i n g  t o  keep them clean* 

Serpents, flower pots  and torches a r e  paoked l i k e  

roman oandles. Blue l i g h t s ,  the same. Fancy rockets  a r e  

packed heads and s t i oks  eeparately,  the  heads i n  boxes and 

the  s t i c k s  loose. 

W I R I N G  
C l l - . . . L I I  

For most purposes annealed i ron  wire from 18 @;a . 
t o  20 ga. i s  tho most servioeable.  The e a s i e s t  and quickest 

way t o  .use i t  f o r  w i r i n ~  rockets ,  trj-angles,  etc., i s  to  cu t  

i t  i n  l eng ths  of from 4'' t o  6' according t o  the s i z e  o f  the  

work t o  be done. A l a r g e  quant i ty  can be cu t  a t  once by us- 

ing  a bench shear  and cu t t i ng  severa l  hundred a t  one time. 

Rockets can be q u i t e  securely fastened with one wire i f  a 

GUM BOARD E'igure 10 i a  used. Else two mires a r e  necessary. 

A gum board i s  made by taking a piece o f  board 6" long 

and n a i l i n g  piaoes of rocket s t i c k  around i t  on three  s ides  

on top and ono s i d e  on the bottom* Put i n to  this about 1 oe. 

of dextr ine  mixed with ir~atsr t o  the  consistency of jelly and 

and i t  i s  ready t o  commenoe V J ~ ~ ~ ~ ~ ~ ( F I C . U R E  LO* PLATE I ) 
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Put a p i l e  of rooketa and n i r e  t o  your l e f t  and a bundle of 

s t i c k s  and the gum board to your r i gh t .  Rub one s ide  of the 

end of a s t i c k  aga ins t  the bottom of the  gum board so a little 

gum will adhere to  it. Lay i t  with the  gummed side agains t  

the  rocket about t h r ee  quar ters  of the  may t o  the  cone. Hold 

it In t h i s  viay i n  the l e f t  hand and with the r i g h t ,  bend a 

n i r e  around it about the  middle giving one tu rn  on the s i d e  

of s t i ck .  Nom, with a p a i r  of nippers give about three  more 

turns c u t t i n g  the wire with the l a s t  turn.  If no gum Is used 

two wires a r e  'necessary. 

T Y I N G  * * 3., -.I 

In doing exhib i t ion  work s t r i n g  plays a very im 

por t an t  p a r t  and the best and moat convenient knot f o r  a l l  

purposes i s  the  aa l lo r s  two half h i t ches ,  ( F I G ~ ~ E  11,PLATE I ) 

This i s  somewhat d i f f i c u l t  f o r  moat persona to  learn. The b e s t  

way i s  t o  p rac t i ce  on a s t i ck .  Pass s t r i n g  under s t i c v  bring- 

i ng  f r e e  end over l e f t  of loop; Bring i t  over same again  

passing end again  t o  l e f t  o f  second loop but  between seoond 

and f i r s t .  An ordinary t i e  of the f r e e  ends now secures it 

permanentlyc T i l l s  knot w i l l  be found invaluable i n  matching, 

LABELLING 

This very easy operat ion may be s t i l l  f u r t h e r  sim- 

p l i f i e d  i f  done i n  tho r i g h t  way. Take a board about a  foot  

square. Smear it well on top with t h in  p a s t e  and l a y  a label 

on 2 t ,  face  down* C 0 V . w  t h i s  well with pas te  and placo 

another l a b e l  on top ~f i t  repeat ing the pas t ing  and pu t t ing  

down of l a b e l s  u n t i l  severa l  dozen a r e  on the board. T h i s  
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ni11 eoiten them go tha t  ~hekr taken up and pressed n i th  the 

fingers or  the pasts brush against the bundle to be labeled 

they n i l l  adhere firmly and lay flat .  

DESIGN INO 

When it i 8  deeired to pro duo^ In  fireworks a por- 

t r a i t ,  a pio ture of a bullding, monument eto. or a l i ne  of 

l e t t e r ing  this l a  f irst  drawn on the floor with a piece of 

chalk fixed I n t o  the end of a s t i o k  so tha t  the designer may 

walk about sketching his pioture from the miniature plan aa 

he goea a l o n p  The f loor  i s  flrst l a ld  of f '  with a chalk 

l i n e  into aquarea one foot  sach way and i n  multiples of  50 

eqe ft, f ive  f ee t  wide and 10 f ea t  long* For instanoe, if 

a picture 10' high and 20 f t ~  long I s  desired it I s  composed 

of 4 sections 6' x 10' o r  two high and two vide* 

Ths sketoh i a  now taken and marked off with ru le  

and dividara into 200 equal aquarea, 10 high and 20 wide 

corresponding t o  the full sized squares on the floor9 These 

are numbered along the edge af sketch on top and on one side. 

The squares on the floor are numbered i n  the same way. V i t h  

the chalk nov dravi in to  sach square on the floor, the same 

l i ne s  as  appear i n  corresponding square of sketohoa mhen th i s  

i s  done, an exact reproduotion of small picture n i l l  be 

ready to be placed on frames. 

For l e t t e r ing  o r  l ines  of wording th i s  i s  not 

nececlaary ae design can usually be drawn di rec t ly  onto the 

floor n i t h  f ree  hand, of the desired s ize and without enlarge- 

ment. (SEE FIGURE 57 PLATE SVO ) 
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A s  almost overy piece of  f i renorks  requ i res  match 
4 

f o r  l i g h t i n g  i t  and lance  norls and exhib i t ion  pieces i n  

general a re  absolute ly  dependent on good match f o r  t h e i r  

successful operation, i t  i s  most ee sen t i a l  to  make th is  very 

necessary a r t i c l e  aa near ly  p e r f e c t  a8 possible.  There a r e  

severa l  nays of malcing match, nhich I ~ d l l  c l a s s i f y  a s  the 

" ~ r e n c h  System" and the  It  English System" and candle and 

rocket  match, md desoribe them i n  $hie order*  

F R E N C H  S Y S T E M  
0 . L I C I - I  - - - - - -  

Secure a long dry  shed, say 30 t o  40 f e e t  long and 

s e t  up a piece of 1" x 3" $uq3ber about 3 f e e t  long, with 10 

penny n a i l s  d r iven  hnlf  nay i n to  one edge about 1*'l apa r t ,  

a t  each end of shed and about 3 f t .  above the  f loor ,  p a r a l l e l  

n i t h  same, and securely  fas tened ao they cannot p u l l  arlaye 

Then take about 2 dozen b a l l s  of good cotton vrapping cord 

such a s  i s  used fo r  ty ing  bundles, Put from 4 t o  7 of these 

according t o  the thickness of  match desired,  i n to  a small l i g h t  

box, having previously loosened the  ends of the b a l l s  fo r  

about a foot .  Tie a l l  the  end8 together and f a s t en  the bunch 

t o  the  f i r s t  n a i l  nea re s t  tlze wall  and f a r t h e s t  from you, and 

holdin8 the box containing the b a l l 8  of cord i n  your l e f t  

hand with the  bunch of loose ends passing through your r i g h t  

hand, walk tov~ard tha o ther  end of  the bui ld ing where you have 

the o ther  na i led  s t r i p  and t i e  t n s  bunch of s t r i n g s  by a fevr 

turns  around the  corresponding n a i l  on sbrne. 

Now take 3 l b s e  of r i f l e  ponder and mix i t  n e l l  n i t h  

3 o z a ~  of dextr ine.  Then add water and s t i r  well with the 
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finger8 until a l l  the ~ r a i n e  are net. Allow to stand a fen 

minutea (un t i l  a amall lump pressed between the fingers fee ls  

perieotly amooth and oontainn no mare grain@) when more 

aater o r  bet ter  till, clloohoL l a  added un t i l  it i s  about 

the oonsistenoy of porridge o r  a l i t t l e  thicker. This ahould 

be prepared i n  a a n a l l  metal naah basin; Holding the basin 

with the l e f t  hand, under the f i r s t  length of the bunohed aord 

take up a handful of ths met pemder and work it well into the 

oord, boldlng the baaLn qo as t o  oatoh the drippings rurd 

walk baokwarae toaard the other enb of the oordeWhen th i s  

i s  reaohed and the aord we13 oovered take hold 00 it l i gh t ly  

n l t h  the thumb and f i r s t  f inger allorling i t  t o  pa88 over 

aecond joint Q$ f ~ r s f i n g e r  and go over the strand again but 

without norking i n  any more govder unless bare spots are 

found. ThLs l a  mors to mold oft' the rough places l e f t  the 

f i r s t  timec When the strand looks smooth and round atretoh 

another from the box ob t w i n e  balle  and prooeed a8 before 

unt i l  a l l  the ponder i a  used up, If the neather i s  dry the 

matah will be ready fo r  ptglng Is a day o r  tno. If it fee ls  

firm and a t l f f  i t  $a dry enou$h to cut  donn and the pipea 

may be threaded Onr Jh piping mateh crease or gather the end 

p i  fSrst pipe when i n  plaoe, eo next one may be slipped over 

i t  for  about an inoh. * 

it Wioking o r  ootton cord of the proper thickness can now be 
I 

eeoured i n  one ball. 





52 

ENGL ISR SYSTEM 

Make a l i g h t  frame of nood l i k e  t h e  frame of u looking g l a s s ,  
I 

(FIGURE 12,  PLATE I) s i x  f ee t  long  and 4 f e e t  :-lid0 and hang 

it i n  an u p r i g h t  s t a n d  so i t  can j u s t  l i k e  the mirror  

i n  a  d r e s s e r .  Then g e t  a dozen b a l l s  of round c o t t o n  lamp 

n ick ine ,  7 t o  9 s t r a n d @  ( See note  under " ~ r e n c h  system") 

Unnind nbout s i x  b a l l s ,  one a f t e r  t h e  o thor ,  t y i n g  the ond of 

each t o  t h e  nex t ,  i n t o  a  t i n  pan about a f o o t  i n  diameter and 

and 6" deep. NOJ, in another s i m i l a r  pun p u t  23 l b .  r i f l e  

poi-:der mixed x i  th 2f o z s ~  d e x t r i n e  and cover i t  l i t h  26 p t s .  

na t e r ,  s t i r r i n g  occas iona l ly  u n t i l  povder i s  disoLved. Then 

odd 2& ozs l a lcohol  and mix n e l l .  Pour this over t h e  lamp 

viicking i n  the  f i r s t  pan t ak ing  cnre  t o  leave  the .ond o f  n i c k  

hanging over  edge of pan s o  it can be e a s i l y  foundb beg inn in^ 

. i l i t h  t h i s  end non run a l l  tho .rickin& i n t o  t h e  empty pan, 

t ak ing  ca re  t h a t  every p a r t  o f  it i e  vie11 soalced n i t h  v e t  

p o u d e r ~  If t h e r e  i n  n o t  enough oonposi t ion t o  soak i t  a11 

t!ioroughly more munt be made, o r ,  i f  mcti remains add more 

c o t t o n *  l i t t , l e  should remain a f t e r  tho oot ton  i s  passod 

f o r  the  f i r s t  tima and t h i s  may now be poured over th3  p i l e  

of  :let ':~ick and same should bo v!el1 prl3ssad or  kneaded so a s  

t o  thoroughlg aoak ovary p a r t ,  nhen i t  can be re tu rncd  t o  t h e  

f i r s t  pan ~s before  It i s  no:-! r8ad.y f o r  the  frame. Tio t h e  

end of t h e  v~ick t o  one s i d e  o f  end of frame and while someone 

tu rns  i t  slovrly feed  match onto it :-!it11 t h ~  s t r a n d s  about 2" 
a p a r t *  '.Ylion a l l  of i t  i s  on tiic frtlxlc remove from str.r,d t o  a 

p a r t  of tho  f l o o r  covered by lnyce s h c c t s  of paper and EUD- 

p o r t  i t  ovep thus0 on f o u r  blocks ebout 3" high, one a t  ench Q 
corner  of framd. Nor! talc6 a sm:~ll s l o v c  o f  meal poudni* :1~1d 



dust  it oareful ly  over the match so as to cover it evenly 

with a layer of  the powder. The frame may now be placed i n  

the sun o r  elsewhere to  dry. 

Match made by this  prooess i s  all of one length, 

vie: 2 yards, and i s  very round i n  appearance. It burns 

f i e roe ly  but  w i l l  not stand aa severe usage as that previous- 

l y  described. It a lso  takes longer t o  make. 

4OCMEET AND CANDLE MATCH. 

Matoh made by any o f  the previous methode i l ~ l  too 

expensive for the cheap grade of @took fireworks oq the mar- 

ket,  so a simpler method has been devised f o r  t h i s  purpose. 

It is  e s sen t i a l ly  like the laet desorlbed prooess. 

Into a small tub put  about e of starch,  well 

boiled, and atir in to  I t  about 5 l b s .  of a thoroughly mixed 

o o ~ o s i t i o n  made of  

Saltpeter  16 
Fine Char-coal 
Sulphur 

Soak i n  th is ,  cotton wick of about 5 strands u n t i l  

nearly all of the composition i s  absorbed but about should 

s t i l l  oover the cotton i n  the tub. Work it i n  well and run 

it on to  a frame as direoted i n  preoeeding description but the 

frame may be smaller f o r  convenience of handling by one person, 

as long lengths are not required. Neither does it need t o  

be dusted with meal powder. If well made, however, it will 

burn f ree ly  and serve i t s  purpose c~mpletelyb 

When dry i t  i s  t i ed  i n  bunches, 1 t o  2 inches i n  

diam. and cut  into the desired lengths with a tobacco cut te r  

o r  large sharp knife. 



TABLEAU FIRE - -  
T h i ~  i s  about tho aimplest form of fireworks a t  present  

I 

i n  use. It i s  made by mixing thoroughly the  necessary insre- 

d i en t s  t o  produce the  des i red  color  and heaping i t  on an i ron 

p l a t e  o r  board i n  a p i l e  so i t  may be e a s i l y  l i ~ h t e d ,  Or it 

may be put  i n  t i n  cans for  the  trade. 

Good tableau f i r e  should burn b r igh t ly  without sput ter -  

ing and smoke a s  l i t t l e  a s  possible.  It should take f i r e  eas i -  

l y  but  never be l i a b l e  t o  spontaneoua combustion* Lithographsa. 

oans may be used a s  container,  designating by t h e i r  color the 

color  of f i r e  they contain and with f i r i n g  t l i rec t ione p r in t ed  

on theme A small piece o f  matoh placed i n  each can f a c i l i -  

t a t e s  l i g h t i n g  it* 

Sa l tpe te r  3 12  8 7 
Sulphur 1 2 2 2 
hietal l ic  Antimony 1 
Sulphide of' antimony 1 1 
~e algar  1 13 

BLUE FIRE 

CWorate of Potash 6 8 8 1% 
Pario Green 4 6 6 8 
Stear  ine 1 1 2 t Shel l  ao 
Ni t ra te  of Baryta 4 8 7 8 

Q 
Calomel 1 
Sal ar~moniuc 1 1h  

In order  t o  make tableau f i r e s  more bulky, one to  
. . . .. 

two b a r t s  o f  r ino  saw dust  may be mixed o i t h  any of the hbovo 

recir;os without mater ia l ly  a f fec t ing  tlls color  It should 

a lso  be borne i n  mind tha t  p n r i s  green i s  veily poisonous and 

a handkerchief 8110uld be t i e d  over  the rlose if i t  has t o  be 



handled much. 

RED FIRE 

Nitrate  of S t ront ia  
Chlorate of Potass. 
Shellac 
Sheel-lac or  Kouri Qum 
Asphal turn 
Charcoal 
Dex tr ine 
Fine Sawdust 
Rosin 
LampbSaok 

Tf the sawdust w i l l  not  pass f r ee ly  through the s ieve 

i t  may be added s i t e r  the ~ t h e r  i$@edients a re  s i f t e d  and 

mixed and rubbed i n  with the hands. 

PINK FIRE 

A f i r e  somewhat cheaper than the above but  in fe r io r  

i n  color,  may be made aa follows: 

Ni t ra te  of S t ront ia  48 16 18 
Sal tpe ter  12 4 
Sulphur 5 2 
Charcoal 4 1 
Sheel-lao 
Dexi;r i ne  A <  3 

i 
. . B 
This should h o t  oost over 7p! per pound while the other 

formulas cos t  about 9*$ per pound. A pink l i g h t  pay also be 

made by subs t i tu t ing  lime o r  chalk f o r  s t ron t i a  but more 

ahlorate  of potass i s  required and the smoke I s  greater. 

GREEN FIRE 

Nitrate  of Baryfa 8 9 4 
Chlorate of Potaas 4 3 
Shellac 1 
SheeX-lac 2 - 

Dbx t p  ine 1/16 
Fine Saw Dust 
Sa1 AmrmonlaO 1 

Q 



YEWLdlV FIRE 

Nitrate  of Baryta 36 
Oxalate of Soda 6 
Sulphur 3 
Sheel-lao 5 

I have never found anything b e t t e r  o r  aa good as 

this, therefore give only the one recipe 

SMOH3ELESS TABLEAU FIRE 

For t h e a t r i c a l  o r  indoor we oolored f i r e s  a re  

very objeotionable on account of the choking smoke they give 

off. The following mixing8 eiva a f i r e  produoing very l i t t l e  

amok6 which quickly di88Ip&tes a f t e r  f i r e  i a  burned. 

RED 
Clllr 

Nitrate of Stront ia  8 
P l o r i c  Acid 5 
Charooal , 2 
Shellao 1 

GREEN - 
Nitrate o f  Baryta 4 
P ic r i c  Aoid 2 
Char coal 1 

Diseolve p i c r i c  acid i n  boiline; water; add s t ron t i a  

o r  baryta; stir wti& cold and dry on f i l t e r  o r  piaoe of clot1 

It should be observed that i n  a l l  mixinga, the for- 

mulaa oannot be oonaidered absolute as the pur i ty  and general 

oharaoterlst ioa of chemicals d i f f e r  s o  much t h a t  a l l  mixinga 

mat be toeted and regulated to the existing conditions of 

materials ,  climate etc. If tableau f i r e  burns too slowly more 

potaas. o r  coal should be added; i f  too f a a t ,  more s t ront ia ,  

baryta etc. In rocket,  candle or  gerb compositions, s a l t -  



pe te r  o r  mecl ponder w i l l  increase the  combusltion while coal 

and sulphur v ~ i l l  r e t a rd  it, 

T O R C H E S  

These may be c l a s s i f i e d  accordinc t o  the purpose 

f o r  which they a r e  intended* Mil i tary  torches have but  one 

requirement which i s  t ha t  they produce the  maximum illumina+ 

t i o n  of the deepest  hue of color  desired.  A s  these a r e  f u l l y  

described i n  spec ia l  works issued by the government and r e a l l y  

form no p a r t  of cornniercial pyrotechnics i t  r i l l  be unnecessary 

to  devote furthe11 spaoe to  them here* Railway torches o r  

fusee9,on the  other  hand, are the  cheapest form of pink l i g h t ,  

a s  anything capable of a t t r a c t i n g  the a t t en t ion  o f  tho enginee 

i s  a l l  t h a t  i s  required. They are usual ly  5'' diarn* and 8" 

to  12" long exclusive of the handle and burn from 5 t o  20 

minutcn. The following compositions a r e  adequate. 

RAILVAYT FUSEES 

Strontlunz Ni t ra te  48 16 18 16 
Sa l tpe te r  12 4 7 4 
Sulphrlr 5 2 2 

1 - 5 
Pine Charcoal 4 1 2' 1 
Red Scheel-lac Gwfl 10 3 
 ex tr ine h 
Fusees a r e  provided v ~ i t h  a s l i p  cap which i s  used 

f o r  i g n i t i n g  them. The end ch* the torell i s  capped with paper 

onto which 13 painted a nlixturo of 

Potass Clilorats 6 
Antimony s u l f i d  2 

1 Glue 1 

while the  end of  tho cap i s  s i n ~ i l s r l y  painted with a pas te  of 

Amorphous Phosphorus . 10 
Black Oxid of Manganese 8 
Glue 3 



58 

Jhen the cap i s  pu l led  off  and s t ruck  against  the end of tho 

fusee it takes f i r e  l i k e  a s a f e t y  match* '7ith some composi- 

t ions  it i s  necessary t o  have a l i t t l e  s t a r t i n g  fire a t  

tog of torch just under the  capping or  priming under the 

cap which w i l l  s u f f i c e  t o  cause easy ignition.(FIGUR~ 13, 

PLATE I ) 

PARADE TORCHES --- 
Parade torches, f o r  campaign purposes, where a 

cheap grade of f i r e  suf f ioes  and nhere oompetition urges 

the  manufacturers t o  produce the  l a rgsa t  a r t i c l e  a t  the small- 

e s t  p r i c e ,  one of t he  methods i s  t o  add 50% of f i ne  savfdust 

t o  the  mixing. This doos not  greatly a t f ec t  t h e  burning o f  

the torch and makes i t  look twice as large a t  p r a c t i c a l l y  no 

ex t ra  cost .  The folloviing is a good formula: 

N i t r a t e  S t ron t i a  40 
Potass,  Chlorate 8 
Red Schesl-lac G u m  7 

SavJ dust  may b3 added ad l i b i t ume  The torches a r e  

uaually 3/4" diamc and 12 'I long and shollld burn with the 

above mixing, €3 t o  10 minutes* 

RAMMINC; TORC I-IES 
-.I-.-- 

A vex8y cheap niathod of' ramming these torclles is t o  

11103.9 ten the  coniposltion ssith dilute clextrine so lu t ion  u n t i l  

i t  Is damp enough t o  hold t oge t l~e r  vhen a handful i s  t i g h t l y  

squeezed. A dozen to rch  cases ore t i e d  i n t o  a bundle and 

pressed in to  a, p i l e  of damp, con~position on a s l ab*  It i s  

tlien moved t o  a c l ea r  p a r t  of the  s1i.b : ~ n d  jolted firmly 
* 

against i t  by l.ift$ng t h e  bu~ldle a fei! L:iches and j a r r ing  

it donmnrds w biore compositic)n i s  shaken in Prom the top  
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when the Jar r ing  i s  repeated and th ie  contlnddd u n t i l  tdrdhes 

a r e  f u l l  when they a re  set  aside to  dry. Bg th ie  manner a 

dozen torches may be rammed $n one minute. The handles may 

be attached by a s t r i p  of @mmed paper 2 inches wide, half 

of vrhich encircles  the toroh and the other the end o f  the 

torch handle. The other end of toroh i s  nosed and matched 

i n  the r e g u l p  nay, FIGURE 14* 

A b e t t e r  nay of ramming torches i s  as  follows; 

Tie the oaeea In bundles of  12* Place on rannning 

block and inaer t  epout of funnel ( F I O ~ E  15, PLATE I) into 

one of them. Then paas a su i tab le  rod through it u n t i l  it 

r e s t s  on blook also. Now, a$th a doopg, fill the funnel with 

oonrpoeition and, steadying same with the l e f t  hand, grasp 

the rod f l r a y  with the r ight  and ra i s ing  i t  about six inches, 

driv; it ni* a f irm stroke up and dovm as the oompositlon 

runs Into thq case* Continue t h i s  operation u n t i l  case is 

filled. m e n  funnel is removed the apaoe occupied by the 

epout n i l 1  eerve for  inser t ing  the handle vshioh is  done by 

applying to  it a l i t t l e  gum o r  glue* 

TORCHES FOR CARNIVAL PARADES 

These present the most exacting requirements and the 

following fprmulas a re  the r e s u l t  o f  more than 30 years of 

experimenting during which some exceptional mixings have 

been developgd a s  well a s  some most beautiful  colors which, 

i n  modified form, may be used f o r  box s t a r s  i n  she l l s  etc. 

Cappival Parade Torches must be o f  deep color, give 

maximum illumination; burn slowly and cleanly, not be pro- 

h ib i t ive  i n  cost and give off as  l i t t l e  smoke a s  possible. 



mey should burn not l e s s  than 15 minutes with B length of 

about l a u ,  exclusive of  handle, and a diam. of 7/811. 

The standard formula of 40 years ago was: 

RED - 
Strontium Nitrate 16 
Potaaa, Chlorate 8 
Shellao, 3 

however, th i s  burns aomewhat f leroely and I 8  rather expensive r 

A be t ter  mixing i s :  

Strontium. Nitrate 14  
Potaas, Chlorate 4 
Ground Asphaltum Oum 3 

Stronttum Nitrate 14 
Potass Chlorate 4 - 
Red Sheel-lao 7 - l h  

This w i l l  burn 17 mlnutes in  an 16" torch. The l a t e s t  formu- 

l a  giving exceptional resul ts  i s t  

Strontium Nitrate 9 
Potass, perohlorate 2 
Sulphur, pound 2 

I Red Sheel-lao Gum 1 

GREEN PARADE TORCHES 

A good formula fo r  16 minute green i s  t 

Barium Nitrate 
Potaas, Chlorate 

44 K. P o  Gum 
Sal Ammoniao 

an0 ther i a : 

Barium Nitrate 30 
Potasa, perchlorate 6 
Sulphur ground 3 * K1 I>. Clum 2 

* KO D. O m  i s  supplied by New York dealers in  pyrotechnical 

supplies. 
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BLUE PARADE TORCH 

No considerable sucoess has been a t t a ined  i n  producing 

n blue torch but the following rocipos aro  tho bost  a ~ a i l a b l e t  

Potass, perchlorate 5 24 
Par i s  Green 2 
Copper-Amrnone Sulphate 6 
Dextr ino P 
Calamel 9 
Sugar of Milk 2 
Sulphur 9 

A most beautifuS 

PURPLE PAMD E TOR CH 

HAS l a t e l y  been worked out  a s  followsc 

Strontium Nit ra te  7 
Potaas, Perchlorate 8 
Blk. Oxid o f  Copper 4 - 
Calomel 2 4 2  
Sulphur 7 

An amber torch t o  match the above For r ichness of color,  

slow burning and almost smokeless, 13 the following: 

AMBER PAHAI) I3 TOH CH ---- 
Strontium Nitrate 36 
Sodium Oxala te 6 
Shellac 5 
Sulphur 3 
Potass,  Per Chlornte ,. 3 a d * l i b -  

Great oaJ1e should be observed i n  n~ixing compounds con- 

t a in ing  sodium oxalate,  t h a t  a l l  the  ingredients  a r e  pe r f ec t ly  

dry and i t  i s  beat, i n  a damp climate, to  mix only on c loar  

days f o r  the  reason that th.6 l ~ a s t  jnoisturo i s  l i a b l e  to  cause 

the oxa la t s  t o  decompose $arming sodium n i t r a t e  o r  chlor ide  

which i s  s t i l l  more del iquescent  tlian the oxala te  and the  work 

i s  soon so wet t h a t  i t  w i l l  not  burn- Eve11 whell mixed i n  dry 

weather it should bo protected from danlpnoss by parafined 

wrappings o r  o therivise a 

In cu t t i ng  tho paper f o r  a 15 minute parnclo torch 7/811 
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diam and 18 inohea long cu t  35 to  40 Ib. D a f t  papep so it 

w i l l  r o l l  with the grain 11-3/4" md noross the grain 18" 

i n  length* This n i l l  give four complete turn8 and cause more 

regular burning* Pasting the outer edge f o r  3 o r  4 inohea 

m i l l  be auff ia ient .  

CAPPING AND MATCHING PARADE TORCHES 

A l~ood method of doing th ia  nark and used by one of 

the l a r g e s t  manufacturers i n  t h i s  country, i s  a s  follows: 

Cut some cotton c lo th  ln to  pieces about 2 inches 

square* Cover them with paste  and bend them securely over the 

tops of the torchea as shown i n  sketch (FIGXU3 16, PLATE I) 

m e n  they have dried punoh a hole about 1'' deep through the - 
010th and ln to  the top of torch, n i t h  an awl about 1/811 diam. 

Into this i n s e r t  tha mati:h. Then make up some t h i n  priming 

o f  gunpowder, gum v~ater  and a l i t t l e  alcohol. Place thia  i n  

a squirQ o i l  can with large opening, and, shaking frequently 

t o  prevent i t  from separating, preae out  a drop o r  tno a t  

the  point  nhere the matcrh enters  tap of toroh. If t h i s  l a  

properly done i t  n i l l  secure the match i n  place and cause the 

torch t o  i g n i t e  freelye 

ALUMINUM TORCHEX 

Thie beaut i ful  piece of pyro'techny was f i r s t  intro- 

duced i n  parades by the author, with sensational resu l t s .  A 

row of 12 men were placed a t  the head of the l i n e  of maroh and 

nith these a l l  burning alwninwn torches simultaneously there  

was produced the e f f e c t  o f  an oncoming avalanche of f i r e .  - 
For t h i s  torch a case 1/2" diam. and 16' long i s  usec 

with a round nooden handle 6'' long i n  tho  loner ende They a rc  



rammed and matohed moh as other parade torches and a good 

formula l a :  

Potass, perchlorate 13 
Fine Aluminum Powder 6 
Flake Aluminum 5 
Dextr lne or  Lyoopodium 1 

A beaut i ful  modifioation of t h i s  toroh is the 

RED AND ALUMINUM TORCH - 

These should be 7/8" d im.  18" long and of the followlng 

oompoaltion~ 

Strontium Nitrate 
Potass, Perohlorate 
S h e l l ~ o  
Coarns Flake Alimlnwn 
Lyoo2od5um 

another formula $8; 

strontium Nitra te  
Shellac 
Mixecl Aluminum 

Before ramming t h i s  should be moBstened with a solution of 

1 p a r t  shellac in 16 pa r t s  o f  alaohol and one pa r t  of  t h i s  

solut ion used t o  every t h i r t y  s i x  p a r t s  o f  composition. As 

this mixture i s  somewhat d i f f l a u l t  t o  ign i te  it i s  necessary 

to  sooop out a l z t t l e  from the top of the torch end replace 

it with s t a r t i n g  f i r e  ma& of 

Sal tpeter  
Flowers Sulphur 
Fine Char goal 

(see FIGURE 17, PUTG I ) 

A n  aluminum torch of heretofore unheard of br i l l i ance  

and giving an illumination, i n  the 1 inch diameter s ize ,  of 

what i s  sa id  to  be 100,000 oandle power is  made as follows: 



Barium Ni t r a t e  
Mixed Aluminum 
Sulphur 
Vaseline 

Rub the vasel ine i n t o  the Barium n i t ra te !  mix sulphur and 

aluminum eeparately;  then mix with  barium n i t r a t e  and vaaeline, 

A s t a r t i n g  f i r e  f o r  t h i s  a l so  i s  required,  a s  followa: 

Barium Ni t r a t e  
Sa l tpe t e r  
Sulphur 
Shell  ao 

PORT FIRES 

These a r e  small torchea 3/8" dlam. 12" long, used i n  

exh ib i t ions  fo r  l i g h t i n g  o ther  pieoes of fireworks. They a r e  

rammed with rod and f ~ t l n e l  and a godl mixing is: 

Meal Powder 
Sulphur 
Sa l tpe t e r  

SIIIP LIGHTS AND DXSTRESS SIGTTALS - 
BENGOLAS~~ 

Another f orm o f  torch i s  the Bengola o r  Blue Light used- - 
mostly by ships &I s igna l l ing  f o r  p i l o t s .  They cons i s t  of a - 
s t o u t  paper case 1-1/2 inches i n  diam. and 4" long, 3" inches 

of which i s  composition md 1/3" c lay a t  bottom: the  balance 

being the 8oclcet In to  which the handle i s  f i t t e d .  (F IGURE 18,  

PLATE I) Thsy should be rammed qu i t e  hard; tho  nosing should 

be of good s t rong  paper  secured around the  match with twine aild 
C 

the  match should be piped  ivhero i t  passen throu& tth nosing.  
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The f lniehed l i gh t  rrhould then be spaWted with melted para- 

fine 80 as t o  pro tec t  i t  : . against  the dampness of 

the gea ai r .  Thia i s  an average formula; 

Sal tpeter  12 
Sulphur 2 
Antimony Sulf id  1 

Distrees signale are the same sxoept tha t  they burn re( 

ThO regulation Life Boat equipment oonsists  of 6 o r  12 en- 

closed I n  a water t i g h t  copper oan. The followi.ng formula is 

Potass, Chlorate 5 - 
Strontium Carbonate 1 4 / 2  
She31ao 1 - 
Daxtr ine l /Cz 

T W  BLUE LTGHTS 
" 

These a re  l i t t l e  ltght. 1/4" diameter rind 6" long 

made by r o l l i n g  a light( oaaa @a f o r  lmoes Cut the Paper 

2" x a ' ,  the 6" Way runnlng n$th the grain of the paper. 

One end should be closed a8 f o r  lances. Bunoh about 200 into 

a b u d l a  with atrlng, a l l  the open enda being uppermost when 

the bundle i s  stood on end. Now make the following composi- 

tLon t 

Sa1 tpe t e r  5 
Sulphur 2 
AntimsnySulfid 1 

men thoroughly dxea  place i t  on a large sheet  of 

strong paper previously spread on a f irm table. S e t  the 

bum8 of blue l i g h t  ocnses alongaide of the composition on 

the  paper, wlth the open enda up and pour a handful of compo. 

on fop of them. Shake the bundle so a s  to make composition 

f a l l  Into the cases as  much as possible and repeat several 

times. Now with both hands ra ise  the bundle of p a r t l y  f i l l e c  
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li@ts and bring it dotvn on the  tab le  with a good blov. Re- 

peat tNs several times and then again the f irst  operation 

of f i l l i n g  them and pounding them on the tab le  u n t i l  a l l  a re  

well f i l l e d  when the ends may be tuoked i n  n i t h  a d u l l  awl. 

ROMAN CANDLES 

These are  probably the most popular pieces of fire- 

worka made, from a sa les  point of v i e ~ h  Up t o  some years ago 

they were made e n t i r e l y  by hand, that  is ,  one a t  a timer 

Then a eombinat ion rammer taking a dozen a t  a t i m e  was de- 

vised. And l a t e r  the Candle Machine which handles s i x  dozen 

wag perfeoted. To make roman oandlee by hand, r o l l  the oaesa 

ae desoribed and have a lot of s t a r s  of d i f f e ren t  colors ready 

Then make some candle oomposition ss follows t 

ROMAN CANDLE COMPOSITION 

Powdered Sa l  tpeter  18 lba. 
Fine Powdered Charcoal 11 It 

Flowers of Sulphw 6 " 
4 Dex tr h e  1 " 

lRa ter  1 Gallon 

After a l l  the ingredients a re  well ntxed and sifted 

three times add the water and mix again u n t i l  the whole 

l o t  is  evenly dampened. Then force, through a 16 mesh sieve 

i n t o  c lo th  bottomed t rays  and dry i n  the sun. 

Now provide a raming o u t f i t  as shown i n  FIGURE 19, 

PLATE: I oonsiaticg of a pin block (b) a ramaar ( a ) ,  a com- 

posi t ion saoog ( c )  a olay scoop (d) and a gunpowder scoop (6) 

The various pa r t s  must, of aourse, be proportioned t o  

the size o f  candle It is intended to  make. Say you w511 beg11 - 
with an 8 bal l .  The pin of pin block mat be 3/8" dim. 

The rammr, s l i g h t l y  emaller so it can pass eas i ly  up and 



RAMMEA 

Fij. 26 F$ - 2 8  

PLATE I 1  
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down the candle case  vhich  a l s o  i s  3/8". The clay scoop should 

hold  a l ev01  teaspoon f u l l  of clay; t?ie compo. scoop, a heap- 

i n g  d e s s e r t  spoonful; and t h e  gunpowder scoop should be $'' 

diam. and -PI deep. It may be made from a .22 oa l .  r i f l e  

s h e l l ,  i f  desl.red. 

Non p lace  an  empty case on the  pin;  pour i n  a scoop 

of c l a y  and ram i t  f i rmly  17ith a l i g h t  mallet .  Remove rammer; 

pour i n  a scoop .of gunpowder on top  of  tihich drop a s t a r  and 

l a s t l y ,  s scoop o f  candle composition. Ram with about s i x  

blows of a l i g h t  mal le t .  Remove rammsr and pour i n  another  

scoop of gunponder; another  s t a r  and another scoop of candle 

composition, r epea t ing  this  u n t i l  case  is  f i l l e d  t o  wi th in  

2'' of t h e  tope Reniove candle and f i n i s h  a s  descr ibed  under 

t h a t  head. 

IUND CO - RIB II\Ti,T ION CANDLE RATJEER 

(FIGUEE 20-21, PLATE 11) 

This c o n s i s t s  of' an  i r o n  p i n  p l a t e  ( e ) ,  fuimel p l a t e ,  

i r o n  ( f )  , a  wooden guide board (d )  , thrss wooden s h i f  t i n 6  

boards,  v iz :  c l a y  board ( c ) ,  s t a r  board ( b ) ,  and composition 

board ( a )  a s  well a s  a gun-ponder box Figure 24 and rarnrner 

(g)e The cons t ruc t ion  of shif t in8 boarda can be r o c d i l y  

understood f rom d e t a i l  oketclz FIGURE 20dt  The holes  i n  upper 

board are of a s i z e  t o  conta in  j u s t  suf " i c i e n t  compo. c lny e t c o  

f o r  one charge ( A ) .  This board. s l i d e s  a d i s t a n c e  of about 3'' 
c o n t r o l l e d  by pin  (CD), Ghen upper boalid i s  pushed back the  

ho les  a r e  f i l l e d  and nhen ready t o  d ischarge  i t  i s  drawn fo r -  

ward so  the  ho les  c re  i n  l i n e  n i t h  the holes  i n  lonor  f ixed  

board trhen t h ~  contents  f a l l s  t h r o u ~ h  funnel  9 l r . t e  i n t o  ccndlo  

* The p i n s  shown i n  upper p l a t e  should be reversed 30 th,?t 
s l o t  i s  i n  lower plcitee Otherwise i t  n i l 1  become c l o ~ n o d  
with composition whilo i n  use. 
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boing rumncd, (B) 0 T h 3  ~un~3ouiler box is  descr ibed undar 

"Candle Ral;ur~in~ iilechln~" so i t  i s  unnocessnrg t o  r e p e a t  it:: 

cons t ruc t ione  It i s  ol: co1.1rso smaller  tl-~an t h e  one f o r  l a r g e  

machino and mado of s i z o  t o  corraspond t o  p i n  o l n t e  e t c  

F i n a l l y  thdro  i s  tho ilcrmoli (FIGURE 21, PLATE 11) (g)  cons i s t -  

ing of e i ~ h t  s t a s 1  roda wi th  compression spring3 f i t t e d  thi9ough 

a noodon linildlit b a r  a3 shovn, with d o t n i l  of nhole a t  F I F  

This ~ ~ p p a r a t u s  i s  us3d f o r  rainming one to  four  

b a l l  cqndlas and ccn a l s o  bu used f o r  sorponts  and ~ a u c i s s o n s ~  

Place pi11 p l a t e  on some s o l i d  :'rood block o r  con- * 

c r o t e  basa; p lace  @do board over  p i n s  s o  t h a t  tho holos en- 

c i r c l e  the  pinla f a i r l y ;  s l i p  a candlo cil.so on each pin;  p lace  

f u n i ~ e l  p l a t 2  on top of  assombly and r a i s e  guide board so a s  

t o  make C Q S ~ S  can te r  n i c e l y ,  

NO\ / ,  fill c lay  board, colilnosition b a r d  and s t a r  

boardc Placo c l a y  board over funnel  p l a t e  so holos n r o  i n  

l i n e  and s h i f t ,  topping l i ~ h t l y  so  t h a t  a11 c l a y  f a l l s  o u t  
I 

through funnal  p l a t e  aild i n t o  onnl les  ! i t h  ri.mrnoll givo 1 0  

t o  1 5  e t rong  b lons  through o w h  rorr o f  holes.  Put on gun- 

po:~der box and drnvr p l a t e  UIL?.~ n c h a r g . ~  e n t e r s  cnndl3s - 
Then tnko s t a r  bonrd; p l a c e  as  \ins don3 r l i th  c l a y  board r.nd 

s h i f t .  See t h a t  all. s t a r s  hsve entored candlos and pu t  on 

conlpo. board* !'/hen t l i i s  has boen disciznrgod give about c3igh.t 

t o  t e n  blovrs r ~ i t h  tho  ralilnsr, riot quite nc hard  as  f o r  tho 

c l a y c  Non g ive  another charge of  gunpoT;;der, another  bonrd 

of s t a r s  and a second c h ~ . r g a  of candle composition ( i f  moro 

than 1 b a l l  candles  ) and r o p e n t  u n t i l  d a s i r e d  11~1tlboi1 of  s t ~ r s  \ 
hnvo been used 



CANDLE IUWiINO MACHINE - 69 

(FIGURE 22, PLATE XI) 

 he ramming maohine herewith i l lus t ra ted  vaa designed 

i n  Cincinnati and is used prinoipally for  ramming roman oand- 

lea from 6 b a l l  to  30 b a l l  but up to  three ounce rockets may 

be rammed sol id  with It and the hollow center of rooket made 

by driving a spindle into It afterwards as w i l l  be explained 

l a t e r .  Flower pot8 may alao be rammed with thla maohine and 

the mrlter has adapted it t o  making 3n oannon oraokere a t  the 

r a t e  of 72 a t  a tinre, However, aeverall eeta of ramnrers of 

d i f ferent  lengths and thiokneas are required for the different  

s izes  of oandleae 

The frame l a  of  oaat Iron about seven feet high; 

the upright slder are lr thick with a V edge on inner side8 

upon nhioh the head blook ( 6 )  s l ides ,  The rammer assembly 

i s  fastened t o  head blook by stud bolts. The guide board ( C )  

I s  made of Bn lumber end serves t o  keep the rannnera paoperly 

i n  l ine .  This boar6 l a  loose enough to s l i p  up and down on 

the r a m r s  while machine i s  i n  use. The pin p la te  ( d )  res t s  

on base of machine and i s  s l id  Into place from i n  front  and 

retained by short stops in  the rear. Several of these plates 

a l s o  a r e  required, oorrespondlng with the rammr aaaembliea 

as  above. The pawl (E) holds the rammers up whlle the ar -  

t io le8  t o  be rammed are arranged below. men a l l  i a  i n  place 

and the f i r a t  obarge of clay ( i n  the case of  roman candles) 

i s  i n  the cases an attendant p u l l s  the rope attached to  head 

blook, which serves to disengage the pawl. The ramrners are 

now lowered slowly u n t i l  they enter the funnel plate .  The 

rope i a  now released and as the rammar head f a l l s  it rams the 

c lay  i n  bottom of the oases. Erom 5 to 35 blows are usually 



requirod to  ram each charge. 

If oompos i t i o n  bcomos 80  dry t h a t  i t t l i l l  not paok 

firmly i t  should be damped rJith a v o w  l i t t l e  water. Tho 

s t a r s  should bo hard  nnd dry and free  from s ta r  dust cihich 

oan bo s i f t e d  ait by shaking s t a r s  i n  a coareo sieve. The 

f loor  of ramming room also should b e  kept f r e e  from a l l  ac- 

cumulated composition e tc. to p a r d  against accidents from 

f r i c t i o n  of the shoos o r  othwriiao. 

It should hare  be noted t b t  :;rhen cut t ing tho papor 

f o r  machine ramrnad roman candles, a t h i n  V shaped e l i p  should 

be cut  f r o m  one ond ( a )  of 1311c43t a t  s ide  nearest  the oporator 

when being rol led.  Tha objoct  of t h i s  i s  to  Brm a somewhat 

funnel shaped end to case which m a t s r i d l y  a s s i s t s  i t s  easy 

ramming* This end muot, of ccrurse, be uppermost vahen case 

i s  i n  machine. (b) (FIGURE 23, PLATE I) 

The funnel p l a t e  i s  made of cast  i ron  one inch 

thick and the o t b r  dimensions being the  same a s  head of 

ranmer assembly. It i s  dr i l led  with 72 holes In 6 rows of 

12 each corresponding with the in,sj.de of the  d iameter of the 

candles to  be ramned and spaced same a s the  rods i n  rarnmer, 

head. These holes a r e  countersunk on upper s ide  of p l a t e ,  t o  

a depth of one th i rd  thickness of p la t e  so as  to  give them ths  

shape of a funnel while the under s ide  i s  counter bored yome- 

what l a rger  than the cutsi.de o f  the candles to be rammed, whicl; 

s l i p  in to  these receases find thus are  hald in place whilo 

machine i s  being operated. 

%.is funnel p la t e  is supporterl i n  tile ramming mn- 

chine by a n  adjus table frame attached. t o  sides o f  machine, 
Su 

which permits i t  to be mved up and down as required to fit 



the  varioua leng ths  of  cases to  be rammed. This frame i s  no t  

shown i n  drawing o f  machine* 

POTCDER BOX - -  
The powder box ( FIGURE 24, PLATE I1 A ) i s  made of 

b rass  3/16'' th ick  md i t s  construct ion w i l l  be r ead i ly  under- 

stood from s k e k h ,  The bottom c o n s i s t s o f  th ree  brass  p l a t e s ,  

each 1/8" thick,  d r i l l e d  wi th  3/16" holes spaced a t  same 

d i s tance  as  those i n  funnel p l a t e  The ho les  i n  upper and 

middle p la tes  a r e  %'nearer the r e a r  of the box than the  holes 

i n  the  bottom p l a t e *  The upper and lower p l a t e s  a re  f ixed 

bu t  t h e  middle p l a t e  troves fbrward andbacknard &". Then it 

i s  pushed back the holes i n  i t  and the top p l a t e  a r e  i n  l i n e ,  

so when the box is charged with r i f l e  powder, the hoies i n  

middle p l a t e  become f i l l e d .  Vibn t k e  center  p l a t e  i s  drawn 

forward the  lzoles i n  i t  and those  i n  tho bott.om p l a t e  come 

i n t o  l i n e  and the  l i t t l e  pabider charge i n  each hole  f a l l s  ou t  

i n to  the  roman candle belov i t. DETAIL AT PIQIIl3.E 24 B 

To f a c i l i t a t e  tb use  o f  t h i a  box it i s  pla.oed on 

the a d j w  t ab l e  s tand (FIGURE: 25, PU.1Z 11) whereon it can bo 

r a i s e d  t o  t'm d eaired h e i & t  f o r  the work i l l  hand, This s tand 

i s  made of l i g h t  l w b e r  and p re f s r ab ly  on r o l l e r s  so it may be 

moved i n t o  pos i t ion  ax2 o u t  o f  t h e  way, as des i red  betrfeen 

charges 

The s h i f t i n g  boards follosr the same pr inc ip le  a s  il- 

l u s t r a t e d  in ]'!and ramming mchine  r e l u t i r s  to urrangemont of 

holes et'c. but  a ro  of  u s i z e  t a  f i t  o t h e r  p a r t s  of  b i g  ma- 

chine. Boards of d i f f e r e n t  thiclcness must be provided so  

a s  to  hold the  required amount o f a nlpooi t ion  for  the d i f f e r -  



'ii2 

ent aizea of candles rammed. The holes i n  e t a r  board should 

be s l igh t ly  l a rge r  than the s t a r e  so aa to permit thsm to f a l l  

through eaei ly  when i n  use*  The s t a r s  fo r  roman candles ehould I 

be somevrhat longer than the i r  diameter as t h i s  makes them 

eas ie r  to f a l l  into plaoe whsn f i l l i n g  a s h i f t  board* 

To f I l l  theee boeulds, a scoop of  composi t ion o r  a hand- 

f u l  of s t a r s  i s  t h r o m  on top of it; the board i s  shaken u n t i l  

the holes  are evenly f i l le t$  and the  s urplus allowed t o  sl ide 

off into t h e  composit ion o r  s t a r  tray. By using boys to keep 

the extra  p i n  p la t e s  and s h i f t i n g  boards f i l l e d  as  quickly as 

needed, and others t o  remove the  loaded oandles, a very l a rge  

number of them om be loaded i n  s day, by one machine* A pin 

p la te  of oandle cases is @lipped on t o  the base of the machine; 

the fUnnel p l a t e  is lowered on top of  1 t; the guide board i s  

ra ised,  caurjiw the ends o f  oases t o  enter the funnel plate  

whioh i s  fastened In pla oe by s e t  8 crew8 or  thumb bol t s  on 

s ides  of frame. The r a m r  head i s  allowed to deaoend suf- 

f i c i e n t l y  to see tha t  a l l  i s  oleare It i s  drawn back up in to  

place and a sh i f t ing  board of clay slipped over and i t s  con- 

t en t s  discharged in to  the candles, a s l i g h t  jar being given to  

assure a l l  holes o f  having emptied. The rarnrner head i s  no17 

dropped som 10 o r  12 ~ i m e s  to s e t  the clay, and withdrawn to 

i t s  original posi t ion,  $he ponder box ia now s l i d  acroas fun- 

ne l  board and b y  pul l ing  hand& of center p l a t e  a charge of 

gunpowder en te r s  the candles* After removing powder box a 

board of s t a r s  i s  ehifted into  funnel plate* Care must now be 

used to $80 t h a t  a l l  s t a r 8  have slipped thraagh funnel p la te  

In t o  candles. Now a board of composi t ion i s  discharged the 

same way and t h e  vrhole ramned ~71th about 8 to 10 blov~s* This 



operation is repeated as often aa the s l z e  of  candle requires. 

When l a s t  c h a g e  of conposition has been rammed t h e  pin p l a t e  

of oandles i e  removed, unloaded and r e f i l l e d  vith empty cases 

*hue another p i n  plate  o f  empty oases ha8 been slipped in to  

i t s  place i n  mschim . 
BATTER fES 

A very ef fec t ive  p b  cs of f beworks (FIGURE 26, PLATE 

, 11) 1s  eas i ly  made by taking a wood box about two inches 

longer than the c andles to  be used and f i l l i n g  it with about 

three dozen 8 b a l l  o r  10 b a l l  roman candles. The space above 

the candles I n  the box i s  t o  be f i l l e d  w i t 2 1  a few scraps of 

matoh) one plea@ a1 lowed to ban@ over the s ide  and a pieoe of 

cardboard na i led  over f o r  a tope 

BOMBETTE FdUNTAINS 

These a r e  an effaotive ombinat ion of candles and 

f l o r a l  ahella packed In a largg box a s  shown i n  FlK3URE 27, 

PLATE I'I. A l l  a r e  l igh ted  cat once by acraps of match i n  the 

top, bu?t the floral ahnfle a r e  matched so a s  to f i r e  a l t e r -  

nately, one a t  a time aa shown, during the  burning of the 

candles r 

WION BATTERY 

Another i n t e r e s t l r y ~  use for roman candles i s  i n  

the so oal3ed union ba t t e ry  (FII;URE 28, PLATE 11) which con- 

s i s t e d  orlg*ally of one battarry each of candles containing 

white, red a m  blue  atars .  It, however, now i s  used er'fective- 

ly with oandZes o f  varigated s t a r s *  
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BENGOLA BATTERY 

Fireworks displays a r e  o f  ten s t a r t e d  n i t h  a row of 

vari-colored l i & t s  o r  bensolas s e t  about 25 f e e t  apart  i n  

f ron t  of the s e t  piecear men these a r e  supported by a fan  

of candles or p r b e  a very e f fec t ive  diaplay i s  produoed. 

The bengolas are 1Q;hted f i r a t  and when they have burned half  

way, the candles o r  gerbs are  lighted (FIGURE 29, PLATE I1 ) 

SW ROCKETS 

Next to roman oand3es these a r e  perhaps the moat 

popular a r t i c l e  of the pyroteohnical c r a f t  ard on good authori- 

ty ,  seem t o  have long' antidated t h e  candle. So much has been 

wr t t ten  about sky r o a b  ts t h s t  any desoription would be super- 

fluous. The French i n p a r t i c u l a r ,  have l e f t  a most detai led 

description,  eometimes amusing in vitew of present day condi- 

tions, regarding i t  8 manufacture 

Suffice t o  say t h a t  the sky rocket consiats  of a tube, 

usually paper, about seven tlmes i t s  outside diameter, i n  

length,  rammed with a sultable composition, i t s  lower ond 

choked t o  about m e  t h i r d  the diameter of i t s  bore and a 

hollow center extending upwards throu* the composition t o  

about one inch of the  top. This s o l i d  portion of the charge 

ac ts  a s  a fuse to fjre t he  heading when rocket reaches the 

end of i t 8  upward f l i g h t .  A s t i c k  attached to the tube serves 

to  balance it while ascending r 

The tube is  made of any good strong paper, prefer- 

ably three turns of hardware on t h e  inaid e and fbur turns or  

more of good strav~board on t h e  outs ide but  a good rocket case 

can be made of heavy rag or bui lding paper i f  properly rol led 

with good paste. Chokirg the cases and ramming i n  molds has 
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.+To r * l ( b ~ c  w o c l  bar ' b o t h  of used rapdedlp. 
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Fig. 38 

PLATE I l l  





I S  

been prao t i c a l l y  d i  scontinued. 

There is no f ixed  ru le  for ths length o f  a rooket i n  

r e l a t lon  to i t s  diameter and in praotioe oonsiderable varia- 

t ion  exis t s *  Experiment with d i f f e ren t  s izes  and cornpoeitions 

w i l l  determine which proportion Is b e s t  sui ted to ths part icu- 

l a r  purpose f o r  whioh the  r o  oket is desired. An average model 

i e  given herewith; FIaURE 30, PLATE I11 n i t h  a oorrespondlng 

s e t  o f  too ls  f o r  ramming. FIGURE 31, PLATE 111. 

Oood rookets should be uniform; a l l  those of one cal i -  

bre ascending tg approximately t h e  same height an8 exploding 

about the  same t i m a .  Par t ioular ly  l a  th la  essent ia l  i n  bou- 

quets o r  f l i g h t s  of rooketa of s hundred or more f i r e 4  8%- 

multaneously, e l s e  a etraggling e f f e c t  l a  produoed* 

W a t  rockate l a r g e r  tWn 3 a t e  are  ranmed s ingly 

o r  by gang rammers a8 shown i n  sketch FIGURE 32, PLATE 111 

but hydpaulio rammers are a l s o  i n  use* u The gang rammer i s  

quite ef f io len t  and one man can get o u t  a large number of 

rookets $n a dey a t h  i t r  A slows the spindle  block; B l a  

the guide board f o r  aslsietilng to  get the ends of cases into 

funnel piece C. P ahow8 a s t  of  rammere while E i s  the s e t  

of scoopa fo r  charging the m t l m  s i x  cams a t  once* It i s  

eas i ly  made by out t ing braas ahotgun ahel ls  in  half and sox- 

dering them to a braaa rod a$ shown, Details of funnel piece 

and hollovl pin ramner used in setting top olay charge a re  

shown a t  F and Cl raspeotively. 

* See Mili tary Pyroteohnice,Ho B. Faber, Vol. 2, PP 39* 
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me to throe oumo rockets are rammed so l id  on the candle 

machine o r  o thor niae and t he hollow centre  i s  made by driving 1 

a s t e e l  spindle i n t o  them aftarvsarda~ An e f f  i c b n t  nay of do- 

ing this i s  t o  get  a mortirring machine and replace the cMsel 

with the spindle a8 above* A V *  rjhaped block is s e t  on table  

of machine, i n  such a positlion tha t  when a rocket i a  plaoed 

in it, i t  v r i l l  be i n  just  $he r ight  poel t ion f o r  the spindle 

to  en ter  i t  l A s tep  upon the peda3 of mortising machine w i l l  

foroe the spindle Into the rocket and make the neceesary holm 

 OW c e n t e r  

To ram rocketa fmm 4 ozo t o  8 %be singly, the wee Is 

sl ipped on spindle i l l u s t r a t e d  on page 76; a ecoop of olay i s  

shaken i n  an4 rammed by about eight s o d  blows of  the mal1e.S 

on longest r a m r e  Than a sooopf'ul of compoeition i a  rammed 

vslth about 8 l i g h t e r  blows, Thia I s  repeated u n t i l  the case 

i s  f i l l e d  t o  within about 11 inoh of the top, s h i f t i n g  rammers 

as  i t  beconas possible to use the  shorter  onear Now the f i n a l  

charge of olay i a  t in and the hollon p i n  rammer used* This 

s e t s  the olay nhi la  1eav;tng m opening f o r  the f i r e  t o  reaoh 

the hoadling. Oare must be t a h n  to  aee t h a t  the hollow tube 

jusl t p ieroea ths olay* If 5 t  doe@ not go throwh, the  hending 

m i l l  fa$.& t o  f i r e ;  I f  i t  go@$ thrcu& too f a r  heading w i l l  

f i r e  pr @maturely or rocket i s  1 i able to blow through before 

r i a  ;ingo See Ramming Tools FIGURE 31, PLATE 1110 



The following a r e  good conrpoaitiona fir moke t e  or dlff  - 
erent  s izea t  

18 16 16 18 Sal tpeter  
10 8 12 12 Mixed Coal 
3 4 3 3 S ~ l p h ~ r  

If r o o b t a  buret  add more ooal; i f  they aeoend ,too slowly 

add more sa l tpe te r*  For the smaller e ieee use f i n e r  charooal; 

fo r  tba larger onea use coarser  ma1 i n  proportion to  t h e i r  

diameters. 4 to 8 l b e  rooketa uee granulated n i t r e .  

A l l  rookete lar$er than 3 os. ere provided with a oone 

to  oontain the headlnge Theae are  made a e  followst 

Slat ROCKET CONES 

Turn out  a oone former on the lathe, o f  a shape some- 

what ae shown i n  FXQUFiE 33, PLAT8 111, Cut some a t i f f  paper 

tg the g b p e  of one thirtt of a oirole,* the radiue of whioh f o r  

a 1 lbe  rooket $houl4 be 3 lnoher. Lay it on the t ab le  before 

you with the, round aide toward the ri&tr Paate the s t r a i g h t  

8dge f a r t h a t  R'm you and pJaoe ths fmmer on it with the 

point ' tofferd tba l e f t  and a b ~ u t  3/8" f r o m  the point  on the 

papar where the Wo atralght e dges meet Now r o l l  it around 

the Pormer comnencing with the unpasted @Bee. When finished 

allg o f f  twmr ta dry* 

HEAD INO ROC KETS 

Prepare a board wl th  holes through i t about la" i n  

diameter and ra i sed  from the t ab le  about 3" as a hown In FIGURE 

I 
d, PLATE I I I r  Place i n  these holee a n W e r  of the cones, 

polnt  down, and fill them about half f u l l  of a ta rs ,  gold rain,  

I 



eto. Also a l i t t l e  meal powder andcharma1 or  oandle 

compositione Apply gum the upper edge of a rocket and I 

s t i c k  it i n t o  one of these cones. Raise careful ly  out of the 

hole and press  cone evenly i n  place. The rocket m y  now be 

wired to  s t i ck  a nd i s ready fbr use. In the  case of shelf 

goods the rockets are 9 of OOUr8e,paperod uld natched before 

at taching cones 

SHORT STICK ROCKETS -- 
(FXGURE 35-a, PLATE 111) 

These a r e  the same as long at lcks  exoept t h a t  a s t i ck  only - 
113 the regular length i s  used, on the bottom of  which a wing 

or  tab of cardboard is bttaohed. Cut a piece about 3" long, 
-\ 

[l#' wide a t  one end an3 8'' wide a t  the other. Smear o l i t t l e  

dextrine on om end o f  s t iok ,  place ths tab on it, large end I 

down and' drive a 2 oze taok throu@ it i n  the middle. Yhen 

dry i t  i a  ready fo r  use. Theae rocketa are mush eaaier t o  

carry about but requi re  more care In f i r i n g  to g e t  them 

s t a r t e d  s t r a i g h t *  1:'iodal a t  r i g h t  has no stick* 

When tS1e bot tom of  brass rammers become worn from 

use, they may be re.conditioned by ba t te r ing  them u n t i l  they 

are aga in  full s ized on the enda. 

There a r e  a grea t  many of so ca l l ed  fancy rookets 

i n  which the heading i s  not confined t o  a simple burat  of 

Btars e to*,  but  !.Y supplemented by many other beaut i fu l  e f -  

f e c t s ,  oome of which w i l l  b e  described here while the in- 

genuity o f  the pyroteohnist must be r e l i e d  on for others, 
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V I L L O V  TREE: ROCKETS 

These a re  made by f i l l i n g  a l a r g e  rocket  head with pieces 

of Japanese S t a r  and a weak burs t ing  charge. I f  the burs t ing 

i s  too s t rong mny pieces w i l l  f a i l  to l i g h t ,  

PRIZE COmTIC OR SIIOOT Im STAR ROCKETS 

These are prepared by placing 4 o r  5 four ounce rockets ,  

without s t i cks ,  i n  the head of a 6 lb.  rocket besides a hand- 

f u l  o f  box s ta r s .  A few #l s t a r s  a r e  a l so  placed i n  the  top 

of each of the 4 oz. rockets  with a pinch of g r a i n  ponder, 

and well capped@ 

GOLDEN CLOUD ROC I a  1's 

For these tb rocke t  head i s  f i l l e d  ha l f  fill each of 

gold r a i n  and aluminum s ta r s .  !l!he weight of t he  contents  of a 

rocket  head must be proportioned to the s i z e  o f  the  rockets  

A heading o f  heavy s t a r s  must be  smaller than  one of l i g h t e r  

mate r ia l s  ., 

- --- -- 

Have on0 o r  mor.8 snlall maroons i n  the  head besides a  

few s t a r s .  

ELECTRIC SIIOTER HCC mTS 
L 

Made by f i l l i n g  a ~ ~ 3 1  head with e l e c t r i c  apreader 

o r  g ran i te  s t a r s .  Aa these a r e  very heavy only a small q u ~ n t i -  

These have a small s h e l l  with vovly shor t  fuse  fns t -  

ened to  top of rocket, with a few s t a r s  i n  the head of tho 

rocket  i t s e l f ,  which burn before t ho  s h e l l  burs t sc  



WHISTLING OR CALLIOPE ROCKETS 

!t!he head o f  t h i s  rocket 1 8  f i l l e d  with whistles, mado 

as described under that oap tion. In addition, a few colored 

rtars are added. 

LIQUID FIRE ROCKETS 

Tbeae are me of the most bsautlful pyroteohnical sf- 

fectrr known to the art.  Tsltcr a 3 1b.l rooket and fill the space 

above the olay with grain  powder. Cover this  a o* cular 

pieoe o f  perforated paper eeaured by a e t r i p  of  tleeue paper. 

Roll on a head of about three turrur o f  strong manilla paper, 

only paated on the edge, about 6" long. Now prooure eome 

atioks of phosphorug and out them under watw with a ohiael 

in to  piece8 aboul long. M t  8om ) lb. tin ean8, punch 

nunbar o#' holes a t  the bottom o f  tbftrn an4 f i l l  with the pieoe8 

o f  phaaphorw, oolnduating $ha enapt, operation under water. 

When ready to f i r e  the rooketa remove one o f  the oans from the 

water, allow t o  drain far  a Ten asoonds, enp ty  oontenta in to  

one o f  the moket bad8,tuok in and $ire at  onoe* Great cau- 

t ion !w t be observed ow- to the den&erous nature o f  the 

phoegho~urr w 

PARACHUTE ROCKETS 

'Po aucoe8efully launcrh a paraohute fmm a ahell or  

rooket requires the grttrateet oar8 and skil l ,  beaidos patient 

at tent ion to everg de ta i l  or  the l i g h t  fabric w i l l  d t h e r  f a l l  

to  unfold or be t o r n  o r  burned i n  Its ex i t  from the tube i n  

mioh I t  i s  plaoed. 

Ib beein with procurs some verg l i g h t  Japanese tiesue C 
paper; out Into equares about 18" each way and rub thoroughly 
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with powdered soapstone* * Cut four p ieces  o f  s t o u t  l i nen  

tv ine  or shoemakers t b e a d  about 18". long Twist the  corner8 

of the tilasue squares a l i t t l e  and t i e  a thread to  each. Dilaw 

the  other Four ends of threads to gether and t i e  than i n  a knot. 

The parachute i s  now Peady to fold. In one hand take the knot 

vihere the  four  s t r i n g s  nieet and i n  the other  t ake  the  top of 

the  parachute by the  center. Draw t h e  hands apa r t  u n t i l  the 

paper folds together  a d  l a y  on the  t ab le  i n  f r o n t  of you . 
Stra ighten o u t  the four fo lds ,  two each vray, and f o l d  them 

again l a t e r a l l y  toviard t h e  center  about f i v e  o r  s i x  times l i k e  

the be l lov~s  of  a n  accordion u n t i l  t h e  p i l e  is about 1 inch 

wide. Now r o l l  t h i s  up l igl l t ly,begln:  a t  tlze $ m a l l  end or  t i p  

u n t i l  you con* t o  the s t r i n g a ,  then wind the four strings, a l so  

l i g h t l y ,  around ths bundled parachute u n t i l  i t  w i l l  j u s t  about 

f i t  the  rocket  head f o r  which i t  is intended. 

For making the l i g h t  ram a sho r t  case y' d i m *  and 

1" long  with box s t a r  composttios. Pri~ne one end and s top the 

o ther  w i t h  clay.  Over clayed end glue  a cardboard d i s c  s l i gh t -  

l y  aml le r  than i n s i d e  diameter of rocket head, havlng f i r s t  

passed a wire through the case undar the  d i sc  s o  a s  to  form a 

loop on oxposed s i d e  ae Ejbo vin, F'IGURE 35, PLATE 1110 Pass 

about 18" of s tou t  l i n e n  twine thra1~1;h the  wire loop and t i e  

the  o t h e r  end to the  km t on t h e  parachute whare the  foup 

s t r i nga  eorne together. Roll a p iece of naked match about 18" 

long, into a buncb and p lace  i t  i n  the bottom o f  the  rocket 

head f o r  a blowing c h a r ~ e .  O n  top o f  t h i s  drop the primed 

end of the parachute  l i g h t  ard o v e r  it place a small via9 of 

cot ton waste and a l i t t l e  cot ton h u l l s  o r  bran. Novr s l i p  i n  

the garachute  around wliich tho s t r ings  have been l i g h t l y  wound* 
- - - - - - - - - - - - -  

{+ Ready-made parachutes may nov: be purchased from stock* 



82 

F i l l  a l l  around ?arachuto with bran and oecures the  top of 

rocket  head very 1 - k h t l y  so t h o  parachute v ~ i l l  be thrown out  

when d'ischarged, with t h e  l o a s t  possible e f f o r t .  

CHAIN ROCKETS, ( CATERPILLARS ) 
-3C 

If you have succeeded w i  th parachute rooketa you may 

now attempt tlds modif ioat ion of the above which i s  i n f i n i t e l y  

molbe diff icul t . .  bu t  t h e i r  g r ea t  beauty compensates f o r  the 

t rouble  required i n  their propara t ion. A parachute eeveral  

times l a rge r  than the  f i rs t  described is made i n  subs ta i l t i a l ly  

the  same manner bu t  preferably  octagonal mith the separe te  

pieces sewed together.  Instoad of one l i g h t ,  a dozen o r  so of 

d i f f e r e n t  colored 1 Q M s  are a t tached to it. This i s  ca l l ed  

the clzain and to launch i t  succensful ly  from e i t h e r  rocket  o r  

s h e l l  i s  a'bout a3 d i f f i c u l t  n proposi t ion a s  t he  pyroteckmist 

is c a  .Zed upon t o  execute. 

I For the l g h t o  composing the  chain ordinary lances 

may be used. To a 4 l b  mcke t  tnke 12. Procure a strong 

l i nen  twine a b u t  18  It. long. To tW.s a t t a c h  the lanoes a t  

i n t e r v a l s  of about 14 f e e t ,  by  taking tno half  l i i tches around 

the bottom ends. ( It i s  b a s t  to make special  lances fo r  this 

purpoae, f i l l i r q  t l m  i ig la t  318" a t  the bottoms n i t h  c lay) .  

m e n  a l l  a r e  fastened,  t i e  one and of cha in  to  parachute and 

a t  the other  bslr;fn to  wind up the  slaclr betneen t h e  lances. 

:;lind each lance  ljlitlz the  s lnck  between i t  anc! the  m x t  one to  

it, windin@ as  smootl~ly a s  poss ib le  without lappilig the t ~ i i i ~ o  

anywhere. A s  each ono J.s !r~ound lag it against  the  one befolae I 

i t  unt$.L the 1 2  are i z r  a round 'bundlee Then take a terr turns  



around t h e  e n t i r e  bumh on upper end, so as t o  hold i t  together. 

A t  the bottom end of bunch take 2 turns of l i g h t  oord not more 

than from the end. Thie i s  to hold the l o t  together until 

the light6 a l l  take f i r e  when t h i s  oord burns off  and chain 

unwind8 in ths air .  A oardboard wad f i t t ing eae lly in the 

rooket head arm3 with a hole through i t a  oenter i s  plaoed on 

tdp o f  t he  p ~ i m d  ends o i  the bunch o f  lancea and a pieae of 

matoh paased thraagh the hole  In same so aa tn touch them. 

Thiu may be faatened i n  plaoe with a amall taok or two. 

Now prepare  the^ r o o b t  head for  the reception of the 

ohain, a8 direoted fo r  parachute rooketa, by placing about 2 f t .  

of  naked m t a h  in bottom of haad fool the blowing oharge. S l i p  

ths bunch of lawee on t ~ p  o f  this with another paper disc,  

through which $In9 run$, over  i t* lPUt i n  a good wad o f  cotton 

waete, then thn parachute ca rek i l ly  folcled as deaoribed and 

pack w l t h  bran. Now cap ths moket  head a s  l i g h t l y  as posaible 

and I f  a l l  direotions have been careful ly  followed, the chain 

w i l l  be likely to come out aucoeeafu l ly~  A few t r i a l s ,  how- 

ever, a r e  generally neoessary. Somtimee four l i g h t  s t icks  

are inserted i n  roo kqt head @lo- side o f the parachute the 

lover ma r e s t ing  m a stout wad under t h e  lunch of  lances 

and the other ends against  top d iso  over parachute* This i s  

to keep garaahute from being In jwed  while being expelled by 

b l o w b g  charge* 

BOUQUET OR FLIGHT OF ROCKETS 

Theae are  made tCy firing a hundred or more rockets 

a t  once) from a special ly  prepared box* Take three boarde of 

Vt lwnbar, 12" wide and 4 f t. long; alamp tap  of  them together 
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and with a b l  t bore 5 row8 of holes 52" apart beeinn* I 

2"rom the s I des and ends. Thir rr ill make LOO holed through 

the boards (B) . Now make a box, the bottom of wNdr i a  mde 

of one o f  the boards with holes tWaagh i t  as ahom in FIaVRE 

36 ( A )  PLATE 111. Attach fbur legll to ths box, about 4) feet 

lone. A t  lf f e e t  from tb but tom r aoum the other board 1~1th 

the hole8 i n  it, ( B )  so that a rooket parrrred through a hole In 

the box bottom may be #teadied by passing thraugh oorresponding 

hole i n  lower one. Fit thn thSrd bard  ( G ) ,  in the lees also, 

about 6 '  fmn the 8raaM t o  make a relting ~ 1 . ~ 0  f ' ~  the rook- 

e t  atioks ani eo a8  to hala the bottom o f  the rocketa in  box, - - 
about one inoh above bottom board (A)  o f  box. Thi6 18 b pennit 

the SWe to peach 83% the roaketr  Znetently when flight I 8  

1 ishted* 

Flight rocrkets used thia wag need not be matched; 

only prbsed and a l i t t l e  loose a s i n  ponder tlwown on bottom, 

Ln8ide oC box and a piece o f  match pasred through a hole in 

ride to f i r s  it from, $0 pll that $ 8  ~ r q u P e d .  I f  s top, 

oovered w i  * canvas, io f i t t e d  to $Light boxx, eanu, may safe- 

3y be left i n  $he rain until required. Some pyrotechnists 

make flQhta by atrin&ing rooketa In  a row on alate provided 

w2th n a i l 8  fo hold thorn apart but the eff e ~ t  $8 muoh inferior 

-T STAND 

The beat method o f f lr lng aky rocke ts is  from a 

wooden trough construoted o f  two light boards, thick, 4" 

wide and 6' long. Thee@ are nai led together so as ta form a I 
gutter and supported by tmo legs. If the boards and leer are 

hinged as shown in FIGURE 37, P U T E  III, the trough may be 



folded and eas i ly  c e r r  3e d about .I 

TOURB UJlIONS 

(GEYSERS, WHIRLWINDS, TABLE ROCKETS) 

This i s  a modification o$ the  aky rocket and aseenda to a 

heleht o f  about 100 f e e t ,  In a spire1 manner and without a 

~ l t i o k e  They a r e  made by ramnbg a 3 1b. rooket oase with the 

f ~ l l o w l n g  mixture t 

Sal tpeter  8 5 
Meal Powder 7 12 
Char aoal 2 3 
Sulphur 2 3 
Steel Filing8 3 

Both enda o f  t b  caae we) stopped t igh t  with olay. Four 

holes ore bored i n  it, g' d1.m. Tno are bored into  the bottom* 

3'' apart OF 1*" @,@ah wag Porn the  center and one b l e  on each 

s ide ,  1" from eni an3 oppo,lte to esch other ea shown in sketch 

FIQtfRE 38, PWTE 1x1. A gteoe o f  aurved etiok, ae long a s  the 

oaea l r  nai l sd  to the bottom of cage, exaatly i n  the oenter and 

aQ tight an$les with same. The holea are primed and while s t i l l  

wet if i e  matohe4 b y a o k a  a piece of quick matoh to one of 

the bof t ~ m  tralas, p a s i n g  it to the neareat end hole; then over 

the top to tha other en4 hole and f i n a l l y  to the other bottom 

hole. A, amall hole i e  now mde i n  the matoh pipe as it passes 

over the top  of oaee, just i n  the aenter, i n t o  wkdoh a short  

pleoe o f  naked matoh i s  slipped f o r  lighting. To f i r e  a tour- 

b i l l i o n  i t  ehoulCd be l a i d  cn a wide board or  smooth awface  

and l%hteb  d t h  a long portf  irer 

S-11 t o w b i l l i o n s  are  some times made by boring only 

two holes in the  under slde of caae, at an angle of 45O from ' 

the perpendic ular, but those with four holes, especially in 



the larger slzee are eaf'er and more l i k e l y  to  function. *y 

may a l s o  be mtohed by using naked match all around and after- 

wards covering the *ole tou rb i l l ion  with t i s s u e  gaper pasted 

and preeaad c lose ly  to same. Large tourbil l iona are eometlmes 

fur ther  beautif b d  by plaaing a f aw 8 t a re  In the erde c f  the 

oasa, outs ide of t h e  olay, boring a emall hole throu* aams 

and setourin8 over t cp with 8 trow paper and a wade A l i t t l e  

meal powder ie put i n  with the  e ta rs  an3 when the tourb i l l ion  

reaches i t s  height, these are thrown aut w i t h  firu, ef teat .  

FLYING PIGEONS 

T h i q  crnrusing piecre of fireworks i e  e a s i l y  made 

i n  I t a  almpleet form by aeowing trra roakete with t h e i r  open- 

pointing i n  oppoeite d l rect ions ,  t o  en empty care 

a8 ahown i n  FIGURE 39, PLATE I11 (a) The r e a r  and of one i s  

connected by a piaoe of mtoh t o  the f r o n t  of the other. A 

piece ~f t h i n  nope o r  telegraph wire i s  atretohed between two 

posts about 20 tt. hi@ and 300 f t .  apar t .  One end of wire 

i e  previausly slipped throtqh the empty oaee forming the middle 

of pigeon. On l i gh t ing  the f Ir s t  rooket the pigeon w i l l  run 

along the  l i n e  u n t i l  the other rooket l igh t8  when $6 w i l l  rea 

t u rn  t o  the crtartlng point .  

A more elaborate form of piseon (b) is made by 

proowing a f'rw ae ehown~ Thirs consieta of a ve r t i aa l  wheel 

frame w i t h  a heavy s l o t t e d  hub. A row o f  4 wheel oases are 

fastened to  t h e  r i m  rtnd four  1 l b t  r o o b t a  are secured to the  

long slot8 i n  hub, two pointing 8a0h Pray. The pigeon a ta r t e  

with one o f  t h e  r*eal cases : the rear  ' end of t h b  i s  con- 

neoted t o  one o f  the  mcketb, thAs 5x1 turn i s  matched t o  the 

second wheal case and tha t  to  the next point ing i n  the 
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opposite d i r e d o n  8nd so on t o  the East PoCket. 

- .  

ENGLISH CRACKER OR,GRASSHQPPER - - 
Cut sane good 20 lb.  24'' x 36' manilla o r  Kraft paper 

i n t o  a t r i p s  4l' wide and 12" longe If c u t  wi t h  tho gra in  of 

the  paper a s  it should be this will g i w  18 cu ts  from one shee t  

Roll them into  &or t tubes as d i r ec t ed  f o r  match pipes, s e t t i n g  

the  o p e n i x  a t  one end, somewhat l a r g e r  than t h a t  a t  tho o t he re  

This may be done by r o l l i n g  a V shaped s t r i p  of paper on one 

end o f  rod. Vhen a quant i ty  of t he se  tubes have been r o l l e d  

c lo se  the  s m l l e s  t end by t n i s t i n g  o r  fb ld ing  it over* Dry 

them i n  ths shads md put  about 12 dozen i n  a bundle, a l l  the 

open ends a l e  t-layo Stand the bundle o n  a l a r g e  shee t  o f  papor 

with the open ends up and pour FFF r i f l e  powder on top o f  i t  

u n t i l  a l l  the tubes a r e  f u l l e  J o l t  bund1.e occasionally to be 

su re  none a r e  only p a r t l y  f i l l e d c  Then draw thom out ,  c los ing  

tho  top end a e  you clid the  bottom and \:rap them a l l  i n  a wet 

tovial, s e t t i n g  a s ide  i n  a damp cool place fo r  several  hours. 

A good way i s  to  t aks a long cloth,  wet i t  well, s p ~ e a d  the 

loaded p ipes  loose ly  on i t  and r o l l  it up so tha t  each u.i.pe 

n i l 1  touch p a r t  of the  !.jet c l o t h  a s  they should ba nloistoned 

through but  not wet before piwcaodim fu r the r  '?hen this  con- 
I 

d i t i o n  haa baen reached ( on vrhich the r!hole succoss o f  tdhe 

operat ion depends) run them through a c lo thes  wringer OI? othe12 

r o l l e r  so tha.b they n i l 1  be soma:Clcl t f ln t tenedc Tlie exact 

amount of f lu t tenint ;  cnn only bc found by ?xporirnont r 

Non t&o a p iece  of  V J O O ~ ,  say 1" t h i c k  and 4'' 1:lide 

by 18" long* Notch out n p i e c e  as shoivn i n  FICURE 40, PLL-1'F 

IIr, l:kl' v~ido and 6" deep and procure a dozen piece.5 of s t j f l  
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wire 4" long. Lay thro lower ends o f a half  dozen of the damp 

pipes across the bottomof the notched board which has been 

fastened in an u p r i m t  posit ion to a bench* On top  of these 

and against  one s i d e  of  the board l a y  a w e e  and bend the 

pipes across over it u n t i l  they now point in the opposite 

direction. Lay another wire a8 before Isat on opposite s ide  

and repeat  the operation u n t i l  the e n t i r e  length of the  pipes 

have been folded up. Then talte a bar of wood shaped ae shown 

i n  sketch and, h o l d h g  one end i n  eeoh hand preas  the folded 

pipes down a6 hard as poasible so a8 t o  have t he  turns well 

formed. Now l i f t  out  the folded bunch, wire8 and a l l .  Re- 

move wires, f o l d  bended pipea, one by one i n  the hand and with 

l i n e n  Bhoemakera thread seoure them by wrapping half  a dozen 

turne ground t h e  fr lded pipe and f i n a l l y  pass a few turne be- 

tween the  folds.  S t r ip  off  om end ao the  powder is  axposed 

and p r l m  it with a l i t t l e  wet powder o r  matoh it: o r  the 

end may be twisted up with touch p Wer, made by coating un- 

glazed paper with a aolu t lon  o f  qal tps te r  , before  folding. 

When dry cracksra are f b i s h s d r  

In t h i s  country a cruder fbrm o f  cracker i s  mede 

by taking su i t ab le  Lengths of Covered Matah damping and fold- 

ing it l i k e  the  crackers described, tyiw and leavine a short  

piece of match pro truding fbr ' l i gh t ing  i tc  

PIN WHEELS 

For making thsse  prooeed j u s t  as  described f o r  

Englieh Crackers except using t h e  following composition in- 

s tead  o f  gunpowder f o r  loading themt 



Meal Powder LO 8 
Fine @sin Powder 8 6 8 
Alwninwn 3 
sal tpetey 14 4 16 
s t e e l  f i l i n g s  6 6 
su;l*hur 4 1 s 
Ohm ooal 3 1 8 

When t b y  are damped and ro l led  o u t  punch out a l o t  of 

rouM p b  cea of #60 Strawboard, with a hole through t h e i r  

center. Then get a p i  eoe of brass ,  the  same a i m  as the card- 

board centera and fas ten  i t  to  the wwk table. Lay one of 

the centers  on t h i s  braes p l a t e  and taking a f i l l e d  pinwheel 

tube preas the smallest f l a t  end agairs t i ts  edge and twist ing 

i t  around disk with the r i @ t  hand while l e f t  hand feeds the 

tube as  i t  la being wound on, continue u n t i l  a l l  the tube i s  

ro l led  around w e  senter. The brass  p l a t e  should be half  a8 

thick aa the f l a s h e d  pbwheel so the cardboard oenter w i l l  

be held jus t about in the middle of t h e  pinwheel while It i s  

being t w i e  ted. 

Now have eome boards prepared wnrith a t r i p s  of wood 

_)" square, nailed on them, t h e  aame dietance War t  a s  the  

width o f  a pinwheel when i t i s  lying down. When the wet pin- 

wheel i s  twisted up a s  above, l i f t  It o f f  the  brass p l a t e  and 

set  it betweem two of' these a t r i p s  on the board so as  to keep 

i t  @om untwisting and with a brush put a drop of glue aoroes 

the pipes and onto the cen te r  disc, a t  four equi-distant 

points. When they have dried they may be removed from the 

boarda md a r e  ready far use. FIGURE 41, PLATE IIIo 

SERPENTS 0 R" NIC) GER" OHASERS o 

( SQUBS 

These are l i g h t  strong cases, 3" to 5" long, crimped a t  
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one end and charged n i th  a sharp composition, strong enough to  

cause them to  run around on th ground o r  i n  the a i r  vbile 

burning. They may be made from #I40 strawboard, heavy rnanilla 

o r  rag paper and crimped nrhilo still wet. FIGURE 42, PLATE 111. 

They may be rammed s ingly with rod and funnel or i n  

batches of 72 a t  a time with t h s  hand combinatSon rammeres q.v. 

Alternate conpositions area 

Meal Ponder 3 3 
Sal tpe ter  2 5 
Sulphur 1 1 
Mixed Coal I+ 
FFF Grain Powder 4 

SAUC ISSQNS FIGURE 43 

Theae are  very eimilar  to serpents but somewhat 

la rger  and always end with a report. The usual length i s  3$' .. 
with a d i m  t e r  of 3/8" t o  *It, r o l l e d  and crimped l i k e  ser-  

pents though n i t h  a heavier ease* Ram with. 

Meal Powder 4 
S d l  tpe tar 
Fine Coal 
Sulphur 

B 
1 

For exhibi t ions ,  about three dozen of these a r e  

put i n  a paper bag with w e e  ounces o f  blorrdng charge composed 

of half  meal powder and half grain powder. A piece of  match a 

yard low, W e d  for  an inch or  tvio is s tuck in to  the mouth o f  

the bag am3 t i g h t l y  secured with a s t r ing .  mhon ready fo r  use 

i t  is loaded i n t o  a mortar and match ignited.  

For stock work a paper mortar i s  made by r o l l i n g  

six or e ight  thicknesses o f  heavy strawboard 12" wide around 

a former 23" d i m .  A wooden bottom is  f i t t e d  and a mine bag 

made a s  described under MINES* The aauciesons are placed i n  

same with b lou ing  charge, arourd a 10 ball roman candle from 
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vhich the bottom clay has been omitted. Th ia  i s  dlaced i n  

the paper mortar n i t h  a daub of glue on bottom of bag. A 

t op  i s  f i t t e d  as for  mines and when papered and 8 riped, l e  ti 
ready for  the market. ~ 

M I N E S  
----I 

the bottom of which i s  placed a small bag of s t a r s~ ,  ponder 

W s e  are small paper guns from 1" to 3" 

eta*, nhlch i s  f l red  by a mine fuse o r  roman cand e in  nhioh 

the charge of alay has been.omitted and replaced 

In  diam. i n  

oandle oomporrition. .The bottom8 a re  turned out  o wood. The I 
tubes are made by t i g h t l y  ro l l ing  a l x  t o  twelve 

of atrawboard, srouml a sui table  former. FolLon 

NUMBER - HEIGHT - D I A ~ T E R  NUMBER OF S!I!RAWBOARD 
I 

i. No* 1 mine8 take a 1 b a l l  mine fuee; #? mines a 2 a l l  h a e  

e ta .  

1 4" :F . . 1 sheet oP 
2 gf; 1 sheet  of 
3 2' 1 eheet of 
4 7 2+lt 2 sheet of 
6 s&" 2- 318" 3 sheet  b f  
6 10" 2-7/8" 4 eheet of 

The mine bags are made by boring a number of holes in to  a 

#140 
120 
100 
100 
100 
100 

th ick  board; ( for  #l nlnea, la1' d im.  end 1B"  deep^). Then 

mekg a punch n i t h  rounded edges; ( for  #1 ninea, 1" dlam. ) 
l 

c lose ly  around end of punch and shove i t  in to  one f the holes 0 
and over t h i s  press a piece of s tou t  paper (about 

i n  the board; remove punch; i n s e r t  a mine fuse and around i t  

4'' equare) 

put  a half  ounce of s t a r s  and a teaspoonful of blowing charge. 

Squeeze loose ends o f  bag around fuse and secure with a pieoe 

of s t r i n g  o r  wire. Now dab the bottom of bag with a l i t t l e  



dextrine or  @.ue and i n s e r t  it i n  one of the paper guns i n t o  

whioh a bottom has been previously glued. A top i s  now nec- 

ceasary. This is made by adjusting an ordinary washer cu t te r  

to  the requisite s i z e  so as to out a piece of strawboard wlth 

the outaide diameter of the  gun and center b l e  of the s ize  of 

the mine fuse. When t h i s  i s  slipped illto paace over the fuse 

it i s  secured by a square pieoe of paper,,an' inch o r  two la rq-  

er than the top of mine and with a hole punched i n  the mid- 

d le  with a wad cut te r ,  to f $ t  over mine fusee Paste and prese 

closely about the tap of mine and when dry same i s  ready fo r  

use,, For stook work they m e t ,  of course, be papered and 

s t r iped ,  paoked and labelled. blinee of saucissona are made 

by subs t i tu t ing  saucissone fan the s ta rs .  FIGURE 44, PLATE 111. 

DEVIL AMONG THE TAILORS 

These are  made by taking a la rge  short  mine case 

and f i l l i n g  the  bag with t a i l ed  s t a r s ,  serpents and English 

crackers,  Besides the c e n t r a l  candle for f i r i n g  it, four 

more candles, one a t  each comer on the outside of gun a r e  

fastened and oonnected so a s  to  burn a t  same time, FIGURE 45, 

PLATE No 

ANGLO JAPANESE MINES 

These consis t  of a #6 mine case containing a bag 

f i l l e d  with colored s t a r s  and Jap or  Villow Tree s ta rs .  Elec- 

t r i c  Spreader s t a r s  with crackers a l s o  make a handsome mine. - - 
The various e f fec t s  a r e  almost unlimited and the geniue of 

the a r t i f i c e r  w i l l  suggea t other  combinat ions. 







GJERBS, - FOUqTkINS AND FLORER POTS 

These a re  a l l  modifications of the same pr inciple  which 

i 8  a paper tube o r  case varying from +" diam. t o  2" diam. 

rammed so l id  with one of the compositions to  be given l a t e r .  

G E R B S .  

FIGURE 48, PLATE I V o  

These are used f o r  all s e t  pieces where b r i l l i a n t  e f fec t s  

o r  j e t s  of f i r e  are desired. They should be about 3'' die.- 

meter and 9" long. When s t e e l  f i l i n g s  are used the s t e e l  

should be f i r s t  proteoted q ~ v ,  as the aal tpeter  corrodes ths 

f i l ing8  which a f fec t s  the i r  b r i l l i a n o y  . They a r e  rammed 

l i k e  rocket8 but on a short  nipple without cent ra l  spindle* 

FOUTITA INS 

FIGURE 46, PLAm TV. 

Are usually *om 1" t o  1s" diam. and 12" long with a 

wooden point  i n  the lower end so i t  can be stuck i n  the ground 

for  f i r ing .  A quarter ounce of r i f l e  powder i s  sometimes 

paaced a f t e r  the  l a s t  charge of composition and before the clay. 

both i n  fountains and gerbs so a s  to  have them f i n i s h  with 

a repor t  orfibounce" 

Besides the regular composition with which fountains a r e  

charged, i f  the ca l ibre  permits, small colored s t a r s  cu t  to  

about cubes and placed between the charges when ramming, 

great ly  inorease the i r  beauty and they a re  then called FLORAL 

FoWTAINS or  PRISMATIC FOUNTAINS* There i s  however, some 

danger i n  rammiw e t a r s  containin8 free sulphur and t h i s  mar be 

avoided BY u 8 h g  c o ~ p o a i t i ~ n  f ree  *om chlornte, such a s  gran- 

.&tee atnka, copper b0~iXqfi e t c i  o r  perchlorate. 
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Clasoade case8 cule used for  water f a l l s  and such designs 

where the  f i r e  i e  required t o  f a i l  considerable distances t o  

the ground. mey ere ueusl ly  from 10' to 2" diam. and 12" 

long* Where this piece i s  t o  be of ten repeated a s  a t  F a i r s ,  

i ron tubea 2" ins ide diam. are  sometimes used ae these a r e  

stronger and can be oleaned with kerosene a f t e r  using for  

repet i t ion.  m e r e  Niagara Fall6 i s  shown this form of caae .1,! 

i n  general use ae it eaves the r o l l i n g  of 200 to  300 large 

oaaes for  each displnye 

FLOmER POTS 

FIGURE 47, PLATE We 

Smell cases, choked, *'I, and 5/8" durn. and from 5" 

t o  10'' long mith a nooden handle in  end provide a pre t ty  piece 

of firewords f o r  use by ladle8 and ~ h i l d r e n .  When p'operly 

made they a r e  perfeotly sa fe  to  fire from the hand but this 

f a c t  should be assured by first  f i r i n g  a few by st ioMng them 

tn the  grouid, t o  see that the charge i s  not su f f i c i en t ly  

r trong t o  burst  the case. The lanzpblook i n  these produoes a 
I 

pecultar  e f f  eo t not e n t i r e l y  under8 toode 

It might be well to  mention that when ramming gerbs etc., 

i t  l e  advieable t o  begin with one charge of s t a r t i n g  f i r e  ea- 

pec ia l ly  where t h e  conposition oontaina s t e e l ,  as they not 

only sometimee misa fire but there 1s a lao  the l ikelihood of 

striking f i r e  by ramming s t e e l  f i l i n g s  agalnst a metal nipple.  

Use the f ollorling formula. 

STARTING FIRE FOR GERBS 

Meal Powder 
Sal tpeter  
Sulphur 
Charcoal 



Meal Ponder 
Saltpeter 
Sulphur - 
char coal 1 
Steel  f i l i n g a ,  1 

F O U N T A I N S  

Wal Powder 5 
bran* Saltpeter . 3 
Sulphur 1 
Coarse Char ooal 
FF Rifle Powder 

F L O ? f E J ?  P O T S  

Saltpeter 10 
Sulphur 6 
Lampblaok 3 
FFF Rifle Powder 6 

G R A N I T E  S T A R  

Sal tpe ter 14 
Zinc Dust 40 
Fine Coal 
Sulphur 
Dextrlns 1 b 

C A S C A D E S  
18" CASE 2" CASE 

Granulated Sal tpetep 
Mixed Charcoal 

18 16 

Sulphur 
4 4 
3 3 

Iron Borings 6 7 

L I G H T  

This contrivance supol i e s  a very effective and aafe 
. . , . 

method of d e a t r ~ y i n g  the r r l # o s  of waapa, hornets etc.   he 

sketoh l l luq tra te s  the method o f  using same and the following 

composition $a aatlafaotory. 

Saltpeter 9 

Sulphur a* 
Char coal 5 
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:&ere it 18 not p rac t i ca l  to a t t ach  the l i g h t  as shown, 

a long pole  may be uaed. Tied to the end of a fiahing rod 

and brought i n  contaot with a nest  It w i l l  destroy i t  without 

danger to  the operator a s  the burning composition completely 

dewra l iaea  the insects  who make no e f f o r t  to eting. 

Tbe case should be about 3" dia. an8 5" long, rammed 

on a nipple l ike a gerbe FIO-URE 49, PLATE IV. 

REVOLVING PIECES . 

T R I A N G L E S  

These a r e  made i n  two forms, FU)URE 50,  PLATE IV. 

(a)  conslating of  a amall s ix  aided block with oonoaved groeves 

on three of i t a  edges into which small choked oases a re  faect- 

.ened, e i t h e r  by glue, wire o r  nailed; and (b) oa-ieting of 
l 

a t r iangular  blook on each aide of whioh a aerpent i s  fastened. 

The serpents mst be rammed f u l l  and primed a t  both ends, ex- 

cept the l a a t  one. A pleoe of paper i s  paated over the joints  

orhere the  two ends meet, o f  second and third oases and f i r a t  

one i a  matched with a emall piece of match f o r  l i @ t i n g +  The 

blocks have a hole through their center f o r  the n a i l  on which 

they revolve 

In making the  la rger  t r iangles  (a )  take 3 small 

choked caaes ddiam. Ram 2 o f  them with t r i ang le  composi- 

t i on  t o  withln 4" of the  end; then stop ends with #' of same 

conqpoaition mis tened  with dextrine water and ram t i g h t  with . 

s o l i d  rammer. The 3rd oaee should be closed with clay. Now 

c u t  papering 2'' longer than the oaae and cover i n  the regular  

way* Into the choked ends a f t e r  priming, twist a piece of 
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match 1*" loon, except t he  f irst  one where n shorter piece 

w i l l  suffice. NoV fasten them to block as  described above, 

first the one nith clayed end, then one n i th  both ends open and 

f i n a l l y  the om n i t h  short  matoh. Inser t  matoh of th i rd  case 

in to  nosing of second one and match of aecond aase in to  bnd 

of first and secure the jointe n i t h  pasted t iesue paper. 

VERTICAL VHEEZS 

FIGURE 62, PLATE Ne 

Made by fastening 4 t o  8 driving oasea to  a nooden wheel 

made for this purpose* The oares a r e  usually t o  i n  

inalde diameter, e i t h e r  ohoked o r  rammed on a nipple with clay. 

They a r e  papered and matched the same as  f o r  t r iangles  ,except 

that the oonneetlng matches should be papered as  the distance 

betvieen oases i e  @?eater than i n  the tr iangles.  A l i t t l e  gum 

on the s ide  of oaae where It touohee the rim of wheel t ~ i l l  hold 

I t  more eeoumly than nire alone. The wood wheels for  these 

may be obtained i n  North Weare, N. H. 

S A X O N S  

FIGURE 52, PLATE N. 

Ram tno cases )H t o  ins ide dlam. with a strong compo- 
I 

si tLon, oloeing both ends n i t h  olay and gluing them t o  a block 

aa shown. A hole i s  bored ?I" diam. and jus t  @wough case, a8 

near to clayed ends a6 possible and a t  right angles with the 

n a i l  h.ole i n  center of blook on whioh saxon w i l l  revolvo* 

These ho les  must, of  oourae be on opposite sides. A pidoe 

of match i s  f i t t e d  into one of these holes and secured n i th  

pasted paper while another hole 18 bored in to  bottom of  case 
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but  on aide opposite to  that of firat hole. Worn this  hole a 

piece of match l a  l e d  to hole in eecond aase; fastened n i th  

a tack and well aecured nith pasted s t r i p e  

Colored pots are attached to nheele and eaxone great- 

1~ enhancing the i r  beauty, by remming light cases ?' diem and 

2" long, with torch composition. mey ore fastened t o  the 

piece aa shorn and usually matched to the aecond case. Also 

on larger  verticlal nheels the oomposltion of  the various d r l -  

vere is varied so a8 to  inoreaee their effeot ae burning pro- 

ceeds. The f i r s t  oose is oharged with platn d r iv ing  aompoai- 

tion; the aeoond nith s t e e l  f i l ing8  added; the third with 

granite stars eto* 

TRIANGLE C OMPOSITICN 

Saltpeter 18 12 
Sulphur 2 8 
Mixed Charooal 5 6 
Rifle Ponder FFF 12 12 

VHEEL CASES ( Drivers) 

Meal Powder 8 
Saltpeter 3 
Sulphur 1 
Mixed Qharcoal 3 
F Rifle Powder 
LampbJ. ao k 
Steel f i l g n g a  ad.lib* 

t 
S A X O N S  

Meal Ponder 4 
Sulphur 2 
Sal tpe tsr 2 
Uxed Charcoal 1 



S T A R S  

Thls eubjoot oovers probably tho most comprehene%ve div-  

i s ion  o f  the a r t  of fireworks making. Beaidee the endless 

variety o t  colors, effeote eta., we have the out  atar, box 

s t a r ,  pwnped atar, onndle a t a r  etce Nearly all etare are 

made by dampening the oompoaition ni th water ( i f  compo. con- 

t a b 8  doxtrine) or alcohol ( i f  it oontaina ehellao) and 

presaing the oaked maas into l i t t l e  oubee, cylinders etc. by 

the variourr dovloes to be desoribed. 

C U T  S T A R S  - 

are about the simplea t. io;mr of rrtar mad*. The oomposition i s  

moistened with water un t t l  a handful when squeeeed retains I t s  

ehage and 6>ea not fall baok as  powder . The most oonvenient 

way to  moisten a l l  oompoeitions l a  to  have a large dishpan 

o r  small painted tub into which the oompoaition i e  put, and 

water added l i t t l e  by l i t t l e ,  being worked i n  and rubbing the 

damped portions between the hands un t i l  I t  i e  evenly moist- 

ened. Cut etara nwet be dampea s l ight ly  more than pumped 

8 ta r s  or they n l l 1  break and crumble i n  outting. When the 

proper amount of mis ture has been added dump out on a board 

or  s t i f f  pieoe of paper, preas into f l a t  oake about *n thiok 

muoh ae bisouita we made and then with a large h i f e  make - 
crute tthrough it a t  r ight  angles about 3/8' apart. men  

thoroughly dried the l i t tXe  oubee may be broken apart for use. 

On aooomt o f  the ease with t~hioh these s tare  l ight ,  owing to 

t he i r  many sharp oorners, they are  part icular ly adapted t o  

rockete, small shel ls  eto. where smoothly made stare are liable 



J A P A N E S E  S T A R S  

This beau t i fu l  e f f e o t  i s  made somewhat s imilar  t o  the 

above* The grea t  d i f ference  between the bulky lampblack and 

the compact potash makes i t  qu i te  d i f f i c u l t  t o  mix them thor- 

oughly and t h i s  i a  p a r t i c u l a r l y  necessary to  obta in  good re- 

su l t s .  Furthermore i t  is hard t o  g e t  lampblaak t o  take up 

watere It i s  therefore  necessary f i r a t  t o  moisten i t  with 

alcohol  when i t  w i l l  take the  water more readi ly .  The method 

which I have followed with bea t  success is a s  follows: 

Lampblack 12 02. 6 02. 
Chlorate Potass: 8 02. 4 02.- 
Sa l tpe te r  1 O Z .  
Plater 18 o z ~  9 O Z * .  
Alcohol 4 02. 2 O Z r  
Dex tr ine  1 0 2 .  
Gum Arabic 4 O Z .  

Mix dext r ine  and s a l t p e t e r  (formula 1) well together  - 
C .  

and add suf f  i : i en t  water to  make a gummy l i s u i d .  Boil the 

balance of the water and add the  Chlorate Potase; t o  I t@ 

Put the lampblack In a l a r g e  pan a n d p o w  the  alcohol over i t  

working i t  i n  ae well a s  poss ibu .  Now tidd the  chlora te  potas.: 

and the  hot  water and stir with s t i c k  u n t i l  cool enough f o r  

the hands and l a s t l y  add the dextr ine  and sa l tpe t e r e  Remem- 

ber  t h a t  you cannot mix i t  too well and the e f f e c t  w i l l  be 

i n  proport ion t o  the  evenness with which th i s  has been done, 

Take some pieces of l i g h t  oanvas o r  t i ck ing  about 18" 

square and put  one o r  two handsful l  of oomposition in to  one, 

spread i t  about an inch th i ck  i n  oenter  of  c lo th ,  fo lding samc 

over i t ,  and plaoe under a s t rong presa of some kind* Fold u? 0, 

another c l o t h  of  composition i n  a s imilar  manner and p l a c e  on 
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top of first. Repeat u n t i l  4 o r  5 cloths are under press and 

scren up aa t igh t ly  a s  possible and u n t i l  surpius water rune 

out freely.  Open press, remove oak88 from cloths ,  dry for 

about two weeks and break in to  pieoea about h" square. It 18 

important t h a t  the  lampblack i s  perfeot ly  dry and f r e e  f'rom o i l  

t o  get  the b e s t  r e s u l t s  and i t  i s  aometiqes necessary to  paok a 

jar o r  orucible with i t  and heat  in a br ight  f i r e  u n t i l  a l l  

vo la t i l e  impuritiee a re  expelled. You w i l l  then have one of 

the most beautiful  effeots  of the e n t i r e  fireworks art* 

In reoipe #2 the potash and lampblaczk a r e  s i f t e d  to- 

gether several  times; add aloohol; then water i n  whioh gum has 

been dissolved and prooead a8 in r e c i p i e  #la 

B O X  S T A R S  

Where the bes t  and handsomest effeota are required 

th i s  form of s t a r  $8 undoubtedly the moat adaptable t o  the 

purpose. F i r s t ,  they burn muoh longer than others; eeoond, 

they are  l e a a  l i a b l e  to  go b l i n d  and f'wthermore they w i l l  

stand more blowing from a shell than any other  form of 8tar.l 

FIGURE 64, PLATE I V e  

Make some l i g h t  cases of about 4 thiclcnessea of s tou t  

manilla paper 6" to  12" long on a a " former. Cut with a acis- 

sore in to  F' lengths. Cut some th in  m t o h  i n t o  lengths of an 

inoh o r  a l i t t l e  over. Paaa a piece of match through one of 

the l i t t l e  pieoes of  oase o r  " p i l l  box", bend the ends s l igh t ly  

around the edges a8 shown i n  i l l u s t r a t i o n  and d ip  it into a 

pan of composition previously dampened a s  described before e 

Then with the f i r s t  end second fingers of the r i g h t  hand press 

the  composition in to  i t  as firmly ae possible u n t i l  it w i l l  
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hold no more. Dry i n  tho sun f o r  2 o r  3 days. 

P U M P E D  S T A R S  - 
These a r e  usod lnore than  any o thor  form of s t a r  on 

account  of t h e i r  r e g u l a r i t y  and the ease and speed with which 

they  can be made, be ing  even more quickly  made than  cu t  s t a r s  

where tho proper appl iances  a r e  a t  hand. *-here only  a fen  

a r e  requi red ,  a hand pump FIGURE 53, PLATE IV. w i l l  do very 

good ~ o r k n  A 1 1  that is  i iecessary is t o  dran  up t h e  plunger 

p r e s s  t h e  pump i n t o  damp cornpo, u n t i l  f i l l e d  and by p ress ing  

tho  plunger while hold ing  t h e  tube,  a  s t a r  i s  e jetted* Vhen 

they are r equ i red  3n l a r g e  q u a n t i t i e s ,  holrever, s t a r  p l a t e s  

a r e  necessary-FIGURE 5, PLATE I V .  

q i t h  t h e s e  200 o r  300 s t a r s  a re  made almost a s  quiok- 
I 

l y  as one by hand pump, A good idea may be obtained by r e -  

f e rence  t o  FIQUIB 55, PLATE I V '  The s tandard  s i z e s  of  s t a r s  

a r e  about  a s  fol lows:  

81 - #2 - - #3 #4 - 
$It Diarn* 5/16" diamc 3/8" Diam. 7126" diam. - 
3/8" l ong  7/16" long  ht' long 9/16" longe  

~ o n s e q u e n t l y '  the plrl te fb r malring n j5'1 s t a r  mus t be 3/8" tlziclr 

and have holes  $-" diarn. ( a )  The o t h e r s ,  i n  snmo propor t ion .  

The plungers on plunger  p l a t e  (6) must bo aome!-lhnt smal l e r  i n  

diam. and s l i g h t l y  longel- than t h e  holes  i n  s t a r  p l a t e  so they 

m i l l  move f r e e l y  and fo rco  t h e  s t a r s  completely out .  The 

p l a t e s  a r e  about 4" x 6" squaree Trays f o r  holding the  s t n r s  

n h i l e  dry ing  ( d )  should ilnve th3 bottonis lnade o f  brass  wire 

s t a r s ,  enab l inc  them t o  d ry  i n  a  f e n  hours ,  The c e n t c r  ? t l l i u  

a s  wel l  as  t h e  s i d e s  of the  t r a y  on top shou ld  be rnbbett,ed 



so as t o  hold the otal* p l a t e  while n t a r s  a r e  be inc  niamued. 

In  order  t o  make s t a r s  with a sta13 p l a t e ,  moisten 

a b a t c h  of composition i n  a d i s h  pun :-lith !.aster a s  hero tofore  

doscribed and empty same on Q r a t h e r  h igh  work t a b l e  previous- 

l y  covered with a square yard o f  rubber c l o t h -  Pross the p l a t e  

( a )  i n t o  same u n t i l  tho composition comes up through the  holes .  

Then '!it11 t h e  scraper  k n i f e  (b) viorlc moye conlpo down i n t o  

t h c  ho les  u n t i l  they appear f u l l *  Scrape o f f  a11 su rp lus  

compo. and r e m v e  t o  the  i r o n  bed p l a t e  ( c )  p u t t i n g  down t h e  

side lz~reviously Lrp and p r e s e  more composition i n  with t h e  

sc raperc  7hen all the Sioles a r e  well f i l l e d  scrape  o f f  surw 

plus thoroughty, p lace  i n  r a b b e t  of t r a y  and n i t h  ulunger p l a t e  

pump o u t  t h e  s t a r s *  Care must be  taken t o  have t he  right side 

o f  t h e  p l c t e  up when pumping o r  plungers w i l l  no t  fit holes* 

If the  p l a t e  bsging t o  work badly on account o f  the c o m ~ o s i t i o n  

dry ing  on  olungers same mst be washed before us ing  again,  

The propep dampness f o r  composition can only be ascer ta ined  

by pr8act icee  If too  d ry  s t a r s  w i l l  crumble* If' too wet they 

w i l l  no t  i c n i t e  f r e e l y .  

FCRIMUUS FOR CUT, PUMPED OR CANDLE STARS 

I,V'IIIITE STARS 

S a l t p e t e r  50 54 
Sulphur 15 15 
Red Arsenic 15 9 
Pex t r  i n e  3 3 
Black Antimony 1 5  
Red Lead 6 
Shel lao 1 



+RED STARS 

Chlorate Potass 6 24 
Shellao or red gum 1 3 
Fine Charcoal Z 4 
Carbonate S t ront ia  4 
Nit ra te  S t ront ia  
Dex trine P 19 

BLUE STARS 

Chlorate Potasa 24 
Par is  Green 9 
Nit ra te  Baryta 8 
Shellao 
Dex tr ine 

OREEN STARS 

Chlorate Po taaa. I 
Nitrate  Baryta 6 
Fine Char coal 
Shellao o r  KI) (lum 
Dextr in8 
Calomel ad lib. i 

?CELLOW STARS 

Chlorate Potasa. 16 16 
Shellao o r  red gwn 3 3 
Fine Char coal 4 1 
Nitrate Baryta 6 
Oxalate Soda 7 
Dextr ins 1 ,  

EXHIBITION PUMPED STARS 

Red f o r  hand pump; n o t  su i t ab le  fo r  Shells  

Ni t ra te  Stront  l a  
Chlorate Potaas; 
Picr io  Acid 
Shellaci 
Fine 6harooal 
Dex tr ine 
Carbonate Stron t i a  

EXHIBITION GREEN STARS, PUMPED. (Not f o r  shells) 

Chlorate Baryta 12 
Chlorate Potasa 8 
Calomel 6 
Shellacr 2 
PScric Acid 2 
Lampblack 
Dextrine 



EXKIBITION BLUE STAR PWPE3 
7-----. 

1-- 

Chloriate Potass  48 18 7 
Calonlel 18 6 2 
Eilac?~ Oxid Copper 6 
lisphnl turn 6 
Dextl* i n e  16 I. <I - .  

P a r i s  Cmen 
S tea r ine  

4 b 
Shel lac 

2 
1 

B O X  S T A R S  

RED - 
N i t r a t e  S t r o n t i a  3 
Chlorate  Potaas 3 
Shel lao 1 
Dex tr in8 4 

GREEN - 
N i t r a t e  Baryta 3 
Chlorate  Potass  4 
Shel lac  1 
Dextrine .& c 

BLUE - 
c h l o r a t e  Potass  10  
Copper Sulpha t e  3 
She l l ac  2 
Calomel 2 
Dextr i n s  9 

Mix thoroughly t h e  copper Sulph. Shel lac ,  Calomel and 

d e x t r i n e ,  t h e n  add c h l o r a t e  Potass: previouoly s i f  tod by 
on1 

i t s e l f .  This e t a r  i s p u f t a b l e  where i t  i s  t o  be used rrfthin 

a fers days, 

YELL O'.Y -- 
Chlorats  Potassium 4 
Oxalate Soda 2 
Shellao 1 
Dextr lne A. .?. 

1;'I-l ITE - 
Sal tpo ter  7 
Sulphur 2 

1 PovideredNletal Antimony 1~ 
nextpine -- 1 

4 



PURPLE 
.131L. 108 

Chlorate Po tass 18 
Blk. Oxid Copper 1 
Calomel 
Nitrate Stron t i a  
Dexf rin* 

LAMP BLACK STAR* 

Mealpowder 
Lampblaak 
Blaqk Antimony 
Dex tr b e  

Moisten with water; preee in to  cakes and dry for 1 week and 
break into p i e ~ e s  about #'I square. 

Chlorate Potass 8 
Unqpblaek 12 
Stear h e  
Saltpeter 

1P 
1 

Moisten with aloohol and shsllao. Pump with hand pump. 

STEEL STARS 

SCsl tpe ter 8 
Stee l  Filings t3 (!heated with parafine 
Mealpowder 1 
Char oo a1 1 
Dextrlne 
Moiotea with water 

.t 

Sal tpe ter 8 8 
malate Soda 4 
Sulphur 
Char coal f 4 
Daxtr in8 
Shellac 
Lampblack 3 
Blaak Antimony 1 

SILVER SHOlAER 

Sal tpe tar SO 
Sulphur 15 
Red Arsenio 15 
Charcoal 10 
Dextrine 3 
Black Antimony 
Lampblacrk 

Moisten with water 
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EWCTRIC SPREADER STARS 

The e f f e c t  of these s t a r s  i s  q u i t e  s u r p r i e i n ~ .  A small 

p e l l e t ,  no l a r g e r  than  a pea will spu t t e r  over an area of 15 

f e e t  when l igh ted .  TO make good e l e c t r i c  opmader s t a r e  re- 

quires  considerable care and judgement as dampening too much 

o r  too l i t t l e  g e c t l y  reduces t h e i r  effect iveness.  

Zinc Duet 36 
Chlorate Potass 
Granulated Coal 

7& 
6 

Bichromate Po tasa  6 
Dextrine 1 

Mix thorou@dy a l l  bu t  the, ck;lnrcoal and dampen unt i l  qui te  

net. Then add coal and mbx again and pump with hand pwnp* 

Coal must be a l l  coarse from which the f i n e  has been s i f t e d *  

GFbISJXTE STAR 

Sal tpe t e r  14 6 
Zinc Dust 40 8 
Fine Charcoal 7 1 
Sulphur 2h 4 
Dex tr ine 1 1 
Coaree Coal 2 

For s h e l l s  and rockets ,  t h i s  makes a very good s u b s t i t u t e  

f o r  E l e c t r i c  Spreader s t a r s  t:hile being cheaper and s a f e r  to  

handle. It is  moistened u n t i l  qu i t e  uet, pressed in to  cakes 

3/8" th ick ,  c u t  i n t o  squares 3/8" enoh way, thorou&hl,hly dried 

and broken apar t*  

GOLD AND SILVER RAIN ( CUT STARS) 

Meal Powder 16 4 
Sal  t po t s r  10 1 1 
Sulphur 10 1 
Fine Char coal 4 1 2 
Lampblack 2 
Red Arsenio 1 
Shellac 1 
M x t r  ine 1 
Ni t ra te  load 3 

Moisten u i th  nater and cut  i n t o  squares $" each way* 



MAWNESIUhd STAR 

Sal tpeter  5 
Magnesium Ponder 2 

m i s t e n  with l inseed oi l .  Orring t o  i t s  high cos t  and uw 

s t a b i l i t y  m~gnesium has been almost e n t i r e l y  replaced by alum- 

inum. 

ALUMINUM STAR { Box Stars  Only) 

Chlordfie Pota88 8 
Potaaa Perchlorate 8 
Aluminum P O V J ~ .  medium 4 4 
Shel lao 1 
Lycopodiwtr 1 

Moisten with shel lac  so lu t ion  and form in to  box stars 3'' 
long diam. 

C O M E T S  

These a r e  l a rge  s t a r s  about 1)" dkm. f i r e d  from amel l  

mortars of paper. In t h e i r  simplest form they are  just la rge  

pwnped atara. If the gun i s  10 " long a pieoe of quickmatch 

16" long l a  bared a t  one end about 1 " and a t  the other 5" 

Lay it alongaide the comet s t a r  so that the 1" bared end oan 

be bent over the  bottom. Then paste a s t r i p  of paper 4" wide 

and 10'' long and r o l l  t h i s  around the s t a r  over the match w i t h  

the same amount projeotirig on each eide* m e n  dry gather the 

upper extension around the match with a e t r ing  and i n t o  the 

loner projection o r  bag put a half  teaapoonful of ooarse grain 

powder and secure with a s t r ing  a l so*  NOTI drop th i s  i n  the 

gun and it i e  ready f o r  use* Handsome ef fec ts  a r e  obtained by 

making half of the s t a r  of rod s t a r  composition and the other 

ha l f  of streamer cornposit ion* 

A more ambitious form of  comet is ILlustrated i n  

FIGURE 56, PLATE IV. This i e  rammed into a case as ahown, 
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nhile the upper half,  aeparnted from the lower portion by a 

diaphragm of clay with emall oonneoting o r i f l ~ e ,  l a  f i l l e d  

with small s t a r s  clnd blowing chargeb A t  the end of i t s  f l igh t  

the stars are disoharged r i i th  t ine offeot* 

A E R O L I T E S  

Theee are  made by plaoine a oomet s t a r  a t  the bottom 

of a short gun n i t h  blowing oharge but no match. Over the 

a t a r  is plaoed Zn of oandle aomposition and over th le  1" of 

hengal f i r e  0: 

OOME!I! STAR COMPOSITION 

Sal tpeter 6 
tdealpowder 6 3 
Sulphur 1 
F l n s  Charwal 3 1 
Powdered Antimony 3 1 
Larrppblaok 2 

L A N C E  V - O R K  

Thia i s  the div i8 ian  of pyroteohny nhioh consists of 

reproduolng wlth colored 1 lgbta varioue deaigne, por t ra i t s ,  

l e t t e r ing  eta., a f t e r  the deaign i s  etetohed on the floor 

ae deaoribed under " ~ s s  igningl' 

A nunPDer of e a r n 8  are made, 5 '  wide and 10' long 

of l i g h t  lumber $'I x 8" for the outside s t r ips  and f" x 1" 

for  the center ones, spaced 1 foot apart  eaoh way with a 

braoe I n  the two oornera as  rhnm i n  FIQURE 57, PLATE NO 

These are l a id  over the  design on the f loor  and seoured so 

that  t m y  do not s h i f t  until oompleted and the pioture etc., 

transferred to the frames with bamboo f o r  the curves and 

l i @ t  strips of wood f o r  the straight lineac# FIGURE 58 

When this has been completed framea should be 

numbered, beginning a t  l e f t  hand upper oorner o f  f i r s t  frame 



and nunbering each consecutively to  aas ie t  i n  ge t t ing  t h e m  

In t h e i r  proper plaoes when ereotlng t o  be burned. 

The frames are now ready fo r  attaching the lanoeae This 

i a  done by driving a if" wire n a l l  to a depth of ha l f  an 

inch (b) a t  i n t e rva l s  o r  2#' i n  ourves and 3"to 4" on s t ra ight  

l inea  all over the design* Be sure  te sea that  there  i s  alwapfl 

a n a i l  a t  every point  where two l ine6 interseot.  Now with a 

nipper c u t  of f  the heads of the  na i l s ,  holding the nipper at 

an angle with the n a i l  ao tha t  the plaoe  where the head has 

been cu t  off w i l l  have a sharp point  inatead af being out off  

The frames a re  now ready for  the lanoerr. When it 

hag been deoided what colors are to be used f o r  the various 

p a r t s  oP the design, t ake  a handful of  lanoea o t  the desired . 
1 

oolor and d ip  their bottom in to  glue t o  a depth of about - 
1/8" and press one onto each of the n a i l s  u n t i l  they a re  a t -  

tached fpmly t o  the cane o r  at ioke iorming deeigne ( 0 )  

FIGURE 58. PLATE N e 

mhen glue has hardened frame i s  ready for matohinge 

'Mke a length of quiokmatoh and beginning a t  the upper end 

of frame pin it from one lanoe t o  another u n t i l  e n t i r e  fram 

I s  oovered, f 0 1 1 0 W l t n g  the ~ u t l i n d  of design as moh a8 g0~8%-  

ble ( f )  FIGURE 58. When the end of a length o f  matoh l a  

reaohed aplioe another to it by baring about 3'' of the new 

length and alipplng t h i s  bare end in to  the pipe of the pre- 

oeedlng length; securing by tying and past ing joint. 

Leave an end of match about 2 '  long projecting from 

the lower r i g h t  hand corner of each frame so it can be con- 

neoted t o  t h e  one next to i t  when erecting. Also on one of 



the bottom frames leave a leader 10 ta 20 f e e t  long, of matah, 

to  l ight pie08 by when i t  ha8 been ereeted* 
. .. C ..a. ' 

NOW, n i t h  a three cornered an1 mnko a hole an deep' 

tlwough the match pipe and into the priming of each of the 

lance8 on ths name (dl FXQURE 58. Then take strips of 

tl~rue paper #' wZde and 3 '  long; paste a number o f  them 

Onto a l i g h t  board and workirrf~ along from lance to  lanoe 

secure the matoh to top as ahown a t  f FIQURE 58, PLATE IV. 

(b) Sometime8 where i t  18 decrired t o  rush a job t o  be burned 

same day a t  po in t  where i t  is made, the lances are secured 

by simply bending a pasted a t r i p  an inch wide over top  of 

lanoe as shown a t  a b FTOUFIE 69. 

Ths oompleted fYarnss my now be crated in to  lo t8  

of four with #* x 2" r t r i p a  arranged t o  hold them apart ,  for  

conven5enoe i n  tranaporta tione 

P A N O E S  

Theae a r e  small paper tubes frun fJ' t o  3/8" d iam~ 

2" t o  a*'' long f i l l ed  with oomposition burning di f ferent  

colors  with a duration of one minute and used for  produo- 

the dSf ferent designs uaed i n  flreworke exhibitions, auch as 

p o r t r a i t s ,  mnttoee, e t c r  The oases are ro l l ed  a$ described 

on pa@ 26 and r a m d  w l  t h  funnel and rod, see page .SQ, 

Some lance composltiona a r e  so l ight a s  ta b,e d i f f i o u l t  

t o  ram0 !Cheae ahould be e l igh t lg  damped first. Blue lanoes 

made with peris green and white onee using dealgar a r e  f ree  

quently uaed without prlmlng a s  they i g n i t e  very easi ly .  

A goad lance should burn olear for one minute, with- 
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o u t  f l a r i n c  o r  c l o s l n &  lm. A l l  c o l o r s  should burn of about 

the  same dura t ion .  If a l a n c e  burna t o  on9 a i d e  it i s  o f ton  

bocause t h o  composition 1 s  not  wel l  mixed o r  because t h e r e  i s  

more paper on one s ido  than oh tho  o t h e r ,  They should have 

about th reo  t u r n s  o f  paper a l l  around. 

LANCE C OIvlPOS I T  IONS ---- 
RED LANCES 

Potaas  Chlorate  16 1 6  
S t r o n t i u  N i t r a t e  3 
Stront lwn Carbonate 3 
She l l ac  3 2 
Lampblack 1 /8 1 

GREEN LANCES 

Potassium Chlora te  7 1 6  1 6  
N i t r a t e  Baryta 7 4 6 
Chlorate  Baryta  6 
Shel lac  2 4 3 1 
Calomel 3 3 2 
Lampblack 1 /8 
Doxtr i n e  1 
P i a r i o  ~ c i d  i 1 

Potassium Chlorato 20 1 6  12  
P a r l s  Greon 5 
Blue Stone 6 
Copper Anunoniwn S u l f a t e  3 
Shollaa 4 1 
Stoa r ine  l h  $ Fd 

Calomel 4 3 3 
Dsx tr ino 1 

S a l t p e t d r  9 1 4  5 8 
Sulphur 1 4 2 2 
Antimony Sulphide 2 

metal Pond. '3 1 
Meal Por~d@r .l 
Red Arsonic 1 







YELLOV LANCES 

Potassium Chlorate 16 4 4 
Soda mala te  2 2 2 
Shellao 1 1 
Char coal 
Nitrate baryta 1 

For amber and purpla lanaes the reciples  ~ i v e n  fo r  TORCHES 

!day be ueed to advantage. 

B O M B S H E L L S  

These represent the high88 t devslopement of the 

pyroteohnioal 8rt and require great patienoe and sld11 f o r  

their  suoaeesf'ul production* The most uonderihl effecrts are 

produoed by tha Jaganase a l e  the finest oolor, ePfeOt8 are 

made by the Ewopeane mad Americans. Shells are  made i n  

several forms though round i a  the most popular. CglLndrioal 

o r  canistek ehells however aontein more s ta re  e t o ~  and in 

thg w e  compilcated effsata I t  l a  eomstimes necessary to  

attaoh a oaniatar t o  the round shel l  to  contain the parachute 

eta. FIOWZE 64, PLATE V. 

Shells are a l l  fired from mortars, the smaller ones 

made o f  paper, up ta about 3" diam. and the larger ones of 

mood, copper and iron. The emallest shells with whloh we 

hove t o  deal a r e  the 

F L W  SHELLS 

#l - # #3 - - 
Diam. 2-5/10 2-7/16 3-3/16 
Height - 
of 
Mortar 9 11" 13" 

The shel ls  are  ma& of hollow wooden bal ls  which can 

be turned out by any wood t ~ n ~ .  They are made in halves, 

usually with a rabbet t o  insure a close fit . ~hrough one ha l f ,  
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d r i l l  a hole duet the s i ze  to  snugly f i t  a oiece of ordinary 
7 

b las t ing  fuse, 1v' long. Glue the  fuse well on the inside 

as  well a8 on the outside of the  she l l  case. Now f i l l  each 

half n i t h  s t a r s  to  whioh add a teeepoonful of ahell blowing 

powder, glue the edges of each h a l f ,  clap them together and - 
when dry paate a s t r i p  of paper around where the two halves 

join. 

Prime the end of the fuse which should project  through 

the she l l  about p ,  bend a piece of naked matoh, about 8" - - 
long, around the s h e l l  so t h a t  the, middle of I t  passes over 

the fuse,  tacking the ende t o  other half  of s h e l l ,  so tha t  

they w i l l  s t io \c  over about 2''. Set i t  now on the f l o r a l  s h e l l  

bottom as shown a t  FIGURE 60, PLATE IV. in to  whioh had been 

previoualy put an even teaspoonful ( f o r  the #l, l a rgar  s izes  

i n  proportion). of F grain powder, and secure n i t h  a s t r i p  of 

paated paper. Yhen dry, s l i p  -over the paper mortar, having 

previously well glued the bottom- Measure distance from tot, 

of mortar t o  tog of ahell ins ide and mark same on outside, 
* 

Punch hole through same a t  this point; f i t  on a tot, and se- 

owe.  Now take a roman candle a l i t t l e  longer than the mortar; 

punch a hole in  i t 8  s lde  near the bottom s t a r ;  f i t  In a short 

piece of piped matoh near the other  end; s l i p  into  hole i n  

mortar, fas ten  candle to  s ide  with wire and f l o r a l  s h e l l  i s  

completed. 

bmTEORIC SHELLS 

These a r e  made somewhat d i f fe rent ly ;  %# to  *# t i n  

cans being subsf 1 tuted f o r  wood shel ls .    hey a re  f i l l e d  

with stars, oolored and Jape and burst ing powder in the same 



manner ae described above. A hole i s  pwrcWecl through l i d  

in to  rrhich fuse i s  glued. A s t r i b  o f  paper about 3" wider 

than the length of can shd long enough t o  r o l l  around it 

aix  times i a  pasted a l l  otter, the f i l l e d  can D ~ C H  on i t  and 

ro l l ed  up something l i k e  a case Is rolled. The 1#' project-  

ing over each end i s  non careful ly  pressed around the fuse on 

one side and the aan bottom a t  the other, The s h e l l  1 6  a l -  

lowed to dry for  a week before using. The end of fuse i s  

trimmed and primed; a piece of piped mtch bared a t  each end - 
I s  l a i d  against i t 8  side,  extending 1" beyond f'uae at bottom 

of shel l .  A nosing 3" wide whioh seourea the  match i n  rblaoe 

i a  attached t o  ahell and th ia  nhen dry serves to  contain the 

driving charge of a l eve l  teaspoonful o f  grain ponder, a f t e r  

which it 18 gathered together and t i e d  n i t h  twine. A dab of 

glue on bottom. of bag suff ices  to hold i t  i n  bottom of mortar 

and it is  ready f o r  use. FIGURE G~,PLATF IV. 

EXHIBITION BOMB SHELLS 

The principal  alzes of ehelle used for th ia  nurpose 

a r e  4", 6" and 10" diam. pop round ahel ls ,  a f t e r  the cases 

have been made aa described under "CASES" the upper halves 

are bored for  the fuses. This may be done with a carpenters - 
braae b i t  3/4", boring from the inside. F i t  the two halves 

accurately together; bind with a e t r i ~  of  glued c lo th  and over 
" 

this two o r  three layere  of paoer s t r i o s  l a i d  on longitudi- 

nal ly ,  each s t r i p  overlapping the other  before it by about +". 
If each layer i s  made of a d i f fe rent  length a better f in ish  

w i l l  be obtained. 

Then cases have been thoroughl~r dried f i l l  them n i t h  
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the desired s t a re  through the fuse hole. Then-they n i l 1  bold 

no more add bloming charge. The fuse should now be accurate- - .. 
l y  f i t t e d  by cu t t ing  around it n i t h  a knife 3/4" from the tog 

and peeling off  a layer  o r  two of  paper u n t i l  it Will just en- - 
t e r  the hole nhich has been made In  top o f  she l l  f o r  i tm Glue 

loner nor t ion n e l l  and push l n t o  plaoe u n t i l  shot~lder rests 

equarely agalna t s h e l l  case. 

Attach a 010th nosing to  fuse: bare 1" a t  the end o r  

a length of matah and at tach to  bottom of she l l  by a #l tack; 

lead match up to '  fuae,bend a t  r igh t  angles to  permit of entry 

ln to  nosing; o u t  the piping a t  point of entry and aecure with 

strong cord. The remaining match a l so  aerves for lowering 

she l l  in to  mortar, up to  6" siz;eae Larger shells must have a 

heavy cord passed around them fo r  thia  purnose. 

The neoesaary driving charge having been blaced i n  

a paper cone, t h i s  is  attached to  bottom of she l l  when same 

$8 completed. 

The making of  oanlater  she l l s  i s  so s imilar  tha t  - 
t h e i r  oonatruation can be r ead i ly  underatsod from the sketches 

(FIQURE 62, PLATE IV) The heads and bottoms are  made of - 
3/4" mood. 

Another method of matching eheLls i s  t o  s t a r t  a t  

the fuse by baring a half  inch a t  the end of a matoh pipe and 

puahing th ia  into  nosing. Bend m t c h  s t  r igh t  angles above 

noaing and paas under and e n t i r e l y  around she l l ,  coming back 

again t o  nosing. Bend once more a t  r i g h t  angles and inse r t  

bend alongside o f  where s t a r t  waa made f i r s t  ou t t ing  through 

match pipe a t  point  of ineartion. Oather noaing closely 
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around match ond t i c  t i g h t l y  as possible. This mathod nivea 

n somewhat b e t t e r  e u p ~ o r t  to s h e l l  when 1 0 ~ e r i n g  i t  into  mar- 

tar. m e r e  the na tch crosaea bottom of shell and enters d r i v -  

ing charge be sure to cut piping amay for  about half an inch. 

TWO and three break s h e l l s  are made by l i g h t l y  

faatening together the  desired number o f  verv short  canis ter  

ehe l l s  v i t h  f'u8ee not over a" long between them, The f i r s t  

she l l  has regular length fuse. The de ta i l8  oan be be t t e r  

understood from &awing8 than from a d e s c r i ~ t i o n ,  See FIGURE 

65 ,  PLATE V *  

PARACHUTE BEARING SHELLS a re  also shown i n  d e t a i l  

FIGURE 649 PLATE V . 
SHELL FUSES 

These a r e  beat made of  hardware Daper. Take a r o d  - - 
3/0" dlam* f o r  a 6" ehel l  and a aheet o f  paper 6" wide. paste 

it with thick paste  a l l  over one aide and a t  once r o l l  it up 

as t i g h t l y  as possible u n t i l  i t  haa an outaide diameter of .. 
718". m e  length of aheet required i a  dependent on the thlck- 

nesa of the paper* "ken a number o f  these cases are ro l l ed  

they must be dr ied i n  the shade u n t i l  they are  as hard as wood 

and r a t t l e  when atruck together. 
* 

Take a rammer 7/r6I1 diam. a l i g h t  mallet and some fuse 

composition nmde aa followar 

Meal Powder 4 

Sal tpeter  2 

Sulphur 1 

S i f t  and mix three times* Rest 8 fuse case on a f i r m  

block, Scoop i n  a l i t t l e  composition and t a p  it  about 10 l i g h t  



 blows^ Add more oomposition and ram again, r e ~ e a t 3 n g  u n t i l  

fuse is  filled. The com~oeit lon i n  fuse must be aa hard ns 

possible when t inished, otherwise it m i l l  blon throuigh when 

used i n  a shell .  The fuse m y  now be cut in to  the required 

1engt;hs with a f ine  toothed hack saw. FIGURE 6 6 ,  PLATF: V. 

LENGTH OF FUSES INSIDE DIAMW'ER, OF ms 
, '. S 

4" Shell I *I1 4" she l l  5 / W U  
* - 

6 II 1-3/8" 6" It 318" - 
10" tt 19" 10" ' 7/16'' 

In some cases a hole 18 d r i l l e d  into  the oomosit ion 

of the fuse on t h e  end i n  the she l l ,  deep, so the f i re  

from same is thrown i n t o  the s h e l l  with more force. In t h i s  

case allowance must be made when cu t t ing  lengths of fusee 

Shel l  Blowing Powder m y  be made of t  

. Meal Powder 1 

QroSn Towder 1 

Sal tpeter  3 

Charooal 

Sulphur 

The burst ing and driving charge for  she l l s  l a  as 

BURSTING CHARGE DRIVING CHARGE - 
4" Shell  1-3/4 oc 4l' s h e l l  1* 02. 

The dr iving charge should be coarse grain powder; can- 

non powder i s  beat. An endless var ie ty  can be produced ?vith 

she l l s  some of mhioh follow while the ingenuity o f  the nyro- 

technis t  w i l l  suggest others as he rwogreeeea. 



Solid color  shells 

Varignted Shells  

Gold r a i n  s h e l l s  

Japanese o r  ~ i l l o ~ ~  t r e e  she l l a  

Streamer s h e l l s  

Aluminum ahel le  

Conch s h e l l s  it 

Chain ahe l l s  

Repeating ahells 

Maroon o r  Salute  shells 

Day she l l s .  

* The Conch She13 coneiats  o f  a 10" diam. s h e l l  packed r r i t h  

3 b a l l  roman cnadlee made spec i a l l y  f o r  t h i s  aurpose. The 

cases of the  candles a re  made of very s t rong  paper so t ha t  thev 

can be t h i n  and no empty por t ion i s  l e f t  a t  top and bottom. 

In add i t ion  t o  t he  l i t t l e  roman candles,  colored s t a r s  a r e  

added. This makes a very e f f e c t i v e  s h e l l ,  

SHELL CONES 
1 %  

( For holding dr iv ing  charge.) 

These a re  made by cu t t i ng  o u t  a round piece of good D a f t  

paper s i x  t o  12  inches diam, according t o  size of she l l  f o r  - 
which cone l a  intended. 'Vith a sc isaora  make a cut  from the 

edge t o  the center  and twist i t  around so a8 t o  make a bag o r  

cone of two thicknesses,  pas t ing the  edges where they meet* 

Put the  driving aharge i n t o  t h i s  and with a l i t t l e  bas te  a t -  

tach It to t h e  bottom of s h e l l  having previouslv cut the  match 

piping where it crosses the bottom of s h e l l ,  so t h a t  f i r e  v i l l  

s t r i k e  d r iv ing  charge when s h e l l  i s  l ighted.  



JAPANESE BOMElSHELLS 

DAY AND NIGHT 

The Japanese have developed th i s  form of pyrotechny to  

an almost Incredible degree of beautg and o r ig ina l i ty r  Some 

of t h e i r  night s h e l l s  are marvel8 of natlenoe, ingenuity and 

k i l l  

DAY SHELLS consis t  of two kinds. F i r s t ,  those con- 

ta in ing  l e rge  f igures  of bi rds ,  animals e to ,  made of  l i g h t  

t iaaue paper sewed together l i k e  a bag and open a t  the bot- 

tom with a row of amall  weights around the r i m  of the  bottom. 

The f igure  is folded $nto a emall compaot p i l e  and backed in to  

a oylindrioal  ehe l l  oaea somewhat a s  paraohutea are ~ l a o e d  i n  

rooketa* IVhen they are fired to  a height of about 1000 f e e t  

the  figure i s  axgelled with a l i g h t  oharge and as It f a l l s ,  

the welghta aau$s the bottom t o  unfold and the in-rushing a i r  - w 

i n f l a t e s  it. Some of the ahe l l s  a re  f i l l e d  with parasols which, - 
by an ingenious arrangemnt a r e  mads to  open in the a i r .  The 

second var ie ty  cons ls t  of colossal  spiders  made of smoke and 

vari-oolored clouds nhloh must be seen t o  be apareoiated. - - 
The night she l l s  embrace some 50 to  ?5 d i f fe ren t  effects.  

Up t o  40 years ago colors  i n  night she l l s  seem to have been 

unknown t o  the Japanese and a l l  of their devices aonsiated of 

endlesa va r i e t i e s  of t r a i l l e d  s t a r s ,  gold and aZlver ra in ,  

willow trees end br ight  work. The arrangement of the con- 

tent6 Of these she l l s  l a  shown i n  the aooompanying sketches- 

F I W E  67, PLATE V I  The inaide of the  round ehell  case i s  

ecored a8 shown a t  (a)  and (b)  by cu t t ing  half  way through 

the paper with a knife ,  in  order to  cause she l l  to  burst  even- 



l y  and throw the s t a r s  equally i n  a l l  directlone. 

M O R T A R S  

Ebrtars fo r  f i r i n g  pyrotechnlcal bombshell8 a r e  made 

i n  a var ie ty  of d i f fe rent  ways. For s h e l l s  uo t o  3" i n  diam. 

a mortar 12 t o  18 inohea high, made of a number of turns of 

good s tout  paper Will aerve For perhaps a hundred ahofe, 

esbecial ly  if lined on the inside rrith a niece of t i n  o r  

galvanized iron. If a bottom of oak o r  o thsr  hard wood is 

f i t t e d  to  It and the bar re l  t i g h t l y  wound v i th  marlin, it 

w i l l  be perfeotly safe ,  l i g h t  and oheap. 

For 4" d i a m ~  she l le  an4 upward mortara of copber tlrbea, 

shrunk, one over the  other ao that  there  a r s  four thicknesses 

a t  the bottom, three for  half  the length two UQ t o  three-quar- 

t e r s  of i t s  ba r re l  and one thicrknetjs far balance, wich a r inp  

a t  the top makes an idea l  m r t a r .  

Vrought Iron tubea wound with galvanized wire and 

f i t t e d  n i t h  c a s t  i ron  b ~ t t o m s  aecurely faatened in by machine 

b o l t s  o r  r i v e t s  make very serviceable guns. The bottom should 

be conical on the ins ide to  aaoommodate the mwder bag of s h e l l  

FIGURE 68, PLATB V *  

The Japanese used long wooden mortars reinforced vith - . -  
i ron  banda. These were soaked i n  water before beinu used, to  

swell and t igh ten  t h e m e r n  acroount of t h e i r  qreat  lenuth thev 

would throw a ahe l l  to  a p e a t  height  with a small driving 

oharge. They should alvays be buried f o r  half' thetr  length 

i n  the ground vhen in  use. Wth these mortars it was cue tomarv 

to  pour the drivink charge for  she l l s ,  looselg into  the mortar,  

drop the ahell  over it  and f i r e  by shaking a l i t t l e  dross from a 

port  f i r e  in to  the mortar. This method l a  dangerous and i s  not 



--- -- 

t o  be recommended. 

Mortars ~ i t h  00rt holes on side of  bottom, l i k e  the - 
o ld  a ty le  mi l i ta ry  mortars are sometimes used for  day ehelle. 

The oartr ldge of she l l  is pierced. 91th a priming rod and a 

piece of  bare match inserted through por t  hole. 

B A L L O O N S  

Secure some ~ o o d  t i s s u e  paper 20" x 30" ( ~ o u d r i n i e r  

is beat) .  Paste 2 sheeta together on the 20" end8 making a 

sheet 20" x 60"~ S p l i t  this lengthwiee and get  a sheet 10'' x 

60". Make 12 sheete o i  th iq  slrcr; l a y  one on too of' another 

and double over the  l o t  longi tudinal ly  so a8 to  have p i l e  
-. 

5" x 60". Now, with a aoLasora gut along the unfolded edge - 
as  ahown i n  FICWRE: 69 ( a ) ,  PLATV V, removirq the p a r t  ehonn as  

shaded* The exaot l i n e  to cut  may be determined by pract ice  

u n t i l  the  most ea t i s fac to ry  ehape Is found vvhen an extra  sheet 

of heavy paper should be out and reserved as a atattern, m, 
t he  lpattern oan be made according t o  $netructions given under 

Unfold rrheeta out as above and l a y  one on the table 

before you. On top of th i s  l a y  another but  about #' nearer 

t o  you thus leaving an unoovered edge of the  under sheet  ex- 

posed (b) * Apply paate l i g h t l y  to  t h i s  edge and l ap  i t  - over 

onto the upper eheet I n  t h i s  manner joining the two f o r  t h e i r  

e n t i r e  length* Make a ix  pairs  of aheata i n  th is  manner and 

then repeat the oroceas with the  double aheete u n t i l  you have 

three  s e t s  of 4 sheets ,  Join theae as  before making the f inas-  

oloaing joint  l ikewise* If the  top of balloon,where the m i n t s  
C 

m e t ,  is not  well oloaed, paste a small round piece O f  Paoer 
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m e n  balloon has dried make a r i n g  of n i r e ,  bamboo o r  

r a t t a n  fo r  the bottom rtith oroes rrirea to  hold the  inf la tor  

( 0 ) .  For a balloon of  the above s ize  the rinq should be about - 
15" diam. balloon8 10 f e e t  o r  more in heiqht a wire basket 

is  aometi~ee woven in to  the center of the r i n g  80 tha t  an extra 

i n f l a t o r  may be added juet before releaatng belloon nhen readv 

to  r ise .  

BALLOON INFLATORS - 

These are made i n  several  nays. One consists  of a ba13 

of cotton no01 nhich l a  saturated with aloohol o r  kerosene 011 

when balloon is t o  be inf la ted.  A more convenient in f l a to r  mag 

be made by impree;nating a b a l l  of excelsior with parafine and 

fastening it on top of oroes n i re s  of balloon ring. This has 

the advantage of being cleaner and requires nothing fur ther  

than l igh t ing  nhen balloon is' to  be raised. 

DBSIONINQ BALLOONS 

(FIQm 70,  PLATE V) 

A balloon 5 ft. high when deflated may be made from 

12 pieces of tLaaue paper cut out o f  aheets 10" wide and 60" 

long. To g a t  the  proper shape fo r  c u t t i q  these aections draw 

a plan of the desired shape of balloon when finished, some- 

what as shown in Figure 1. Then make a ground ~ l a n  a s  shown 

i n  Figure 2, Quarter the elevation plan by the two l i n e s  a-1 

a-2c The l i n e s  a-1 represent the  balloon a t  i t s  widest point 

i n  both plans* Line b i n  ground plan i s  obtained by measuring 

the length of l i n e  b i n  Figure 1 from central  l i ne  a02 t o  the 

edge of balloon and then taking the same distance from the 
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oenter of f $ w e  2 and mnMng a c i r a l e  n i t h  a p a i r  of com- 

passes a t  this  point* Lines o,  d and e, a re  obtained i n  the 

same manner 

Now, t o  mke the pa t t e rn  as shown i n  Figure 3, draw 

a plan of one of the  sheets from rrhich bal loon i s  to be cut  

using same soale oe i n  f iquree 1 and 2, Divide it by a l i n e  . 
through i t s  oenter lengthnlss and then locate  Lines a-1, b-1, 

c-1, d-1 and 6-1, by mearruring dis tance f'rom bottom of bal- 

loon t o  each oroas l i n e  on Figure l, alone one e d p  from 6-2 

to e* It non only remains t o  locate  the oointa i n  Figure 3 

fo r  ge t t ing  proper shape of pat tern* To do th ia  take a p a i r  

of dividers  and moaeure len3th on l i n e  b-1 from central  berm 

pendicular l i n e  i n  Figure 2 t o  point where it in terseots  the 

next r a d i a l  l i n e  t o  the r i g h t *  Divide th ia  distano8-equallv 

to  each side'of'. cen t ra l  l i n e  of l i n e  b-1 in Figure 3. Do the 

same with l i n e s  o,d and e e  On .a l a rge  plan t h i a  may be more 

accurately dona n i t h  a f l e x i b l e  rule but vhen using dividers 

as above a a l igh t  allowance must be made fo r  the  curvature of 

the l i n e s  on Figure 20  A l l  t ha t  i s  neoessary now i s  to  dram 

an easy l i n e  from top t o  bottom of Figure 3, a s  shown* The 

bottom of 5'  balloon ahovld be about 15" diam* Dividing t h i s  .. 
by four  ill give approximately 3-3/4" for  bottom of oa t t e rn*  

FIRETORKS ATTACHM!NTS FOR BALLOONS - - 
Thogle mke a very p r e t t y  addttion to  a balloon ascen- 

sion and may be designed In numerous crag8 as the ingenuity of 

the pyroteohnlst n i l 1  suggest. A typical  attachment i s  shown 

i n  accompanyin8 sketch FIGURE 71, PLATE V* 

The lower port ion of a gerb is f i l l e d  with red fire 



nhioh burns u n t i l  the balloon reaches the height of several 
. - 

hundred feet;  then the gold rrrin e f f e c t  of the gerb functions 

u n t i l  the heading of s t a r s ,  serpents etc., i s  discharged ,. A 

ver t i ca l  wheel suspended from a a i r e  and l igh t ing  when balloon 

l a  well up i n  the a i r  makes a very in te res t ing  d i a ~ l a y .  

CANNON CRACKERS 

In t h i s  item of pyroteohny the h is torv  of fireaorks 

i n  general has been somewhat reversed. "h i l e  many ?eraone heve 

l o s t  limbs and l i f e  i n  the manufacture o r  roman candles, rock- 

e t s  e t ~ .  on a large scale,  oomparatively few serious accidents 

have oocurred to  thoae using theme On the other hand, though 

cannon oraokers a re  one of the sa fes t  a r t i c l e s  i n  the busi- 

nesa t o  make, they have oaused, during t h e i r  short  career, 

the 1088 of more hands, arms e t c  P, t o  those f i r i n g  them, than 

a l l  o ther  kinda' of pyrotechnic8 combined, 

The reason i 8  simple* The comosi t ion of crackers 

is  only explosive when confined o r  a f t e r  the cracker i s  

f inished and the axploaion o f  g f inished cracker w i l l  not ig- 

n i t e  others,  aa ie the Gase with oandlee etc., where a snark - 
w i l l  f i r e  thousands a t  once. But when crackera are used by 

the inexperienogd i t  I s  d i f f i c u l t  to  determine whether the 

fuse is  l ighted o r  not bvhich often aauaes the cracker to ex- 

plode i n  the hand, with disastrous r e su l t s .  I t s  bloody re-  

cord hae oaused a number of s t a t e s  to  l e g i s l a t e  against i t s  

sale, i n  s i zes  l a rge r  than 3 to  4 inch* Until a fuse i s  in- 

vented t h a t  will, be consumed as  i t  burns, th i s  niece of f i r e -  

works w i l l  be dangerous t o  handle* 

The American Cannon Cracker i s  of o o m a r a t i v e l ~  
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reoent o r ig in*  Some fo r ty  years ago the f i r s t  were placed on 

the market* Previously only Chinese Crackers were used but 

the  q e a t l y  reduced cost  and increased report  eoon oaused them 

t o  supplant the imported a r t i c l e  almost en t i r e ly  i n  the la rger  

The oaaes for  oraokers a re  ro l l ed  similar  to  rooket 

oases except t h a t  paste i s  used only on the l a s t  turn a t  

f a r t h e s t  end of  sheet, the body of  the caae being ro?.led dry. 

By this  means the cracker i s  more eas i ly  blown into small 

fragments and the danger of being atruok by a'large .pieoe 6f 

hard caae i s  avoided. The fbss used i s  the small red botton 

untaped fuee made espeoially f o r  th t a  ~ u r p o s e  though most any 

kind of b la s t ing  mse may be ueed* A piece from 1p t o  3" 

long i s  auff io ien t  according t o  the length of the cracker. 

Moat of i t  i a  made i n  Simnsbury, Connc 

Varloua conmoaitiona aro ueed, those containing 

Antimony givlng the loudest repor t  though being also moat 

l i a b l e  $0 qpontaneoua oombuation, ahile thoee made n$th washed 

sulphur a re  muoh aafer  to  handle but produce l e s s  noise. - 
The caaes should be f i l l e d  about 113 full of composition to 

obtain  the beat  r eau l t s  and oompo. must be loose, not rameir. 

The addit ion of charooal w i l l  inorease the l ightness  of the 

oomposit$on and prevent i t s  tendenoy to pack whioh lessens 

the  report.  .- 

The ends of orackers a r e  stopped i n  various ways, - 
The best  i s  by means of  orimpere which pinch o r  mash the ends 

of the oaae around the  fuae a t  one end and into a bunoh o r  

lump a t  the other. A dab of glue re ta ins  the ends in  ~ l a c e c  

Another method i s  to  c lose the fuse end with c lay  and the other  
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with a cork. The low grade of corks used fo r  t h i s  purpose 

can be bought 0s cheaply as 12$ M i n  the small aizes,  which 

1s l e s s  than the cost  of plugs of any other  sort .  

TO make crackers i n  t h i s  manner, r o l l  the cases as 

directed. Make a braes nipple a s  shorn (PIWRS 72, PLAm V )  

of the diameter of the cracker desired and. about a@ high -om 

top to  shoulder. D r i l l  a hole through the center somewhat 

l a rge r  than the fuse so it w i l l  bass eas i ly  into it. Also pra- 

vide a rammer about 6" longer than the cracker and d r i l l  a 

hole in to  the loner end, aomewhat larger than the h s e  and 

ream o r  countersinv it a l i t t l e .  After se t t ing  the nipole 

i n  a block,put a pieoe of fuse In it, s l i p  a case on, put i n  

enough s l i g h t l y  damped Clay to  occupy a half  Inch when rammed 

and with a few blows of a mallet s e t  i t  firmly. You had bes t  - - 
now remove the 'case  and witb a sharp knife a o l i t  it oDen with- 

out breaking the c lay and sea 5 f  everything has been onerating 

correct ly ,  t h a t  i s ,  i f  the proper amount of clay has been used 

and if the fuse project8 su f f i c i en t ly  on the inside and has not 

been mashed Into the clay as  sometimes hapben8 if the rammer 

ha$ not been correct ly  made on the end which rame the clay 

while the  fuse enters  hole i n  same. Uhless t h i s  has been well 

done the cracker v i l l  f a i l  to ~p,x,lode. %en these matters 

have been praperly adjusted proceed with ramming clay i n  

another case and aooop i n  enough composition (any one from l i s t  

t o  follow) t o  f i l l  case about one third. Then take a cork 

t h a t  w i l l  f i t  pretty snugly, d i p  the small end i n  l iqu id  f i sh  

glue and force it i n  open end of cracker. It i s  now comleted 

and may be removed from nipole. If too  much comosit ion is 

used the report  i s  weakened: a f u l l  case sill hardly emlode 
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a t  a l l .  

, .  

"?hen crackers ar'e fiade on o large acale, a block of - 
s i x  dozen nipples i s  used, s i x  s ide  and 12 lengthwise, same - - 
as for  roman candles. The olny and composition can be dropped 

into l o t  simultaneously by the use of s h i f t i n g  board8 aa shown 

under candle machine* Some manufaoturera prefer  t o  use a 

long nipple and short  rammer, reversing the manner of  ramming 

aa the cracker is rammed from the  fuse end instead of from - 
the cork end. By this means the danger of mashing thp 

in to  the cley Is avoided a s  the nipple  on the inside protect8 ... - 
it But only the clay can be f i l l e d  in to  them a l l  a t  once by 

t h i s  method, as,  the composition being loaded from the  other 

end, they m a t  be removed *om the spindles before this oan 

be accomplished. 

The following are  the standard sizes. 

NUMBERS 

1 Salute8 

2 " 

3 I' 

4 Crackers 

BORE - 
5/16" 

NO* IN BOX 

100 

12 " l o p  1" 2 20 

15 11 13" 1 y' 25 i n  case 



CnNNON CRACIOslR COIIPOSITION ----- 
Potassium Chloi-ate 60 6 6 

Vashed Sulphur 

5 Sulphure t Antimony 

Metalic Antimoru 

Charcoal 

S a l t p e t e r  

If unwashed sulphur  i s  used t h e  r e p o r t  w i l l  be 

c o n s i d e ~ a b l y  louder  but  the  dnnger is greeter. of the  above -- 

m i x i n g ~ ,  t h e  l a s t  i s  about t h e  s a f e s t  t h o t  can be  made. The 

f i r s t  g ives  the  l o u d e s t  ~ e p o r t .  Great core must be exerc ised  

i n  mixing t h e  cojnposition f o r  ccnnon oraclrers, Eaoh ingre-  

d i e n t  should be s i f t e d  separa te ly  and then mixed i n  a tub 

wi th  t h e  f i n g e r s ,  p r e f e r a b l y  gloved, be ing  c a r e f u l  no t  t o  

s c r a t c h  t h e  bottom of t ub  with t h e  n d i l s  

FLASH CRACICEiRS ---- 
This i n t e r e s t i n s  a d d i t i o n  t o  nyrotechny i s  one 

of t h e  r e s u l t s  of the  advent of aluminum. The fo l lowing corn- - 
p o s i t i o n  n~ey  be used both  f o r  f l a s h  c rackers  and. maroon s h e l l s *  

#l fY2 

Perchlora te  Po t a s s  9 lbs .  6 ozc  

Potassium Chlorate  6 

7aahed Sulphur 3 4 If 11 " 
.- 

Pyro Aluminum 1 9 I' 6 11 

Charcoal 1 

Mix thorouzhl?r the sulphur ,  con1 an.' aluminum; then n d  

t he  c h l o r a t e  notass :  previous ly  s i f t o d  by i t s e l f ;  mixing by 

r o l l i n g  t h e  ingred ien t s  bock and f o r t h  on a p i e c e  of p r p e r  rnd 



avoiding f r i c t i o n  of any  kind^ 

Prepare n block c PIC!URS '73, PLATE V ,  by bor ing  severa l  

holes  as shown, 7/16" diameter and 1" deep. Also o n i ~ p l e  - 
3/3" diam, f i t t e d  i n t o  a h ~ n d l e  b nnd some nieces  of  st,rong 

l i g h t  paper 28" square a*  Take n p iece  of aaper  i n  one hand 

and with the  n i p ~ l e  i n  the  o t h e r ,  form the  oaner around i t  

so  a s  t o  form a l i t t l e  c u ~  ah ich  i s  nom inae r t ed  i n  t h e  ho le  

i n  block, ~ r e s s i n g  down u n t i l  t h e  f lnnge o f  the  n iop le  soreads 

the  upper edges of t h e  paper . Remove t h e  n i w l e  and put  i n t o  

t h e  paper cup enough composition t o  h a l f  fill it. I n s e r t  a 

p iece  o f  match 3" long. Draw tho paper around t h e  match. and 

secure  t i g h t l y  lrlith t ~ o  h ~ l f  h i t c h e s  o f  l i n e n  twine. Remove 

from bloclc; smear a l i t t l e  gum on one sit19 and oush i n t o  a 

cracker cage ( d )  #' diam. and 3" long. It i s  not  necessnr'r- 

t o  c l o s e  t h e  ends of f l a s h  crackers  a e  t h e  r e p o r t  i s  jugt a s  

loud when they a r e  l e f t  open. 

Com~os i t ion  #2 i s  much the  s a f e s t  and should be used by 

any b u t  those very fnmilinr with t h i s  c l a s s  of  work, * 

TO 3PEDOES ---- 
By t h i s  nmne i s  understood t h e  toy t o r ~ e i l o s s  used 

by c h i l d r e n ,  which dotonate  rrhen throTvn on t h e  ground* I 

b e l i e v e  t h a t  those were f i rs t  mnde by t h e  mench under t h o  

name of "pois  fulminantn ( mad pegs ) ,  b u t  t h e  so  c a l l e d  S n p ~  

o r  cap torpedoec, which c o n c t i t u t e  f a r  t h e  l a r g e s t   art of  

those  used today, as  neer a s  I can f i n d  o u t ,  a re  cn ~ m c r i c n n  

invent lone  

* Sulphur in t h i s  ror~nula  nezd no t  be washed. 



SILVER TORPEDOES 

FULMINATE OF SILVER 

The fulminate i s  nregared by taking 8 ozs. of C. P. 

N i t r i o  acid (42%) and adding gmduolly, s t l r r i n g  constantly 

n i t h  a glass rod, 2 ozer water. Into t h i s  nut  a s i l v e r  dol lar  

o r  1 0%. of bar s i lver .  Term s l i g h t l y  u n t i l  a br iak  reaction 

takes place. men  the e i lver  i s  conq~lete1.r dissolver! allow to  

cool for  three minutes Then add 16 o tae nure alcohol. Add 

i t  a l l  n t  once nnd quickly and be sure t h a t  the vessel con- 

ta ining the  solut ion o f  s i lve r  is  a t  l e a a t  fbur time6 a8 lorqe 

as  the amount contained f o r  o violent  eff'ervesoence will take 

place. After It aubsides add three ouncea more alcohol. Let 

atand f o r  a quarter  t o  one h l f  hour when a white c rqs ta l ine  

p r e c i p i t a t e  w i l z  be formed on the bottom of vessel which 1s 

the fulminate and may be collected on a f i l t e r  and dried i n  a 

shady place * A oandy Jar may be used for making the fUm!nate 

but w glaes beaker i s  f a r  preferable. 

The utmost care must be exercised i n  hdndling the drv 

powder as the s l l @ t e s t  concussion will explode the e n t i r e  l o t  

wi th  t e r r i f i c  violence. wooden spoon ahould be used f o r  re-  

moving it D O N  the f i l t e r  and it should be handled as  l i t t l e  

a8 possible and i n  the smallest ~ r n o t i a a b l e  quantities. Pro- 

cure a round paper box *om a drug s to re ,  one inch i n  diameter 
(. 

and 3" high. Make a small hole l h 6 "  i n  diam. through the cover 

and f i l l  I t  about half  f u l l  of the d.rg fialminate. Now take - i. 

a board 10" wide and 20'' long, 7/8" th ick  and With a 3/4" bit 

bore 50 hole8 through it, ( 5  rows, 10 to a row). This i s  the 

torpedo board'. Then take a similar  board and with a t" b i t  
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bore the same number bf holes i n  the earns position, into  it 

but not qui te  through. This 1s the gravel board. A punch 

w i l l  now be required as shown in FIGURE 74, PLATE V o  The 

nipple being 5/8" dlam. and 3/4" long. 

Get some of the bes t  grade t i s s u e  paper and out it 

in to  pieass 2" square. Take a bunch of them i n  the l e f t  

hand. Plaoe one over each hole i n  the torpedo board, a t  the 

same time forcing i t  In  the hole nith the punoher so ae t o  

make a l i t t l e  bag. Fthen the  board i g  f i l l e d  n i t h  paper d ip  

the gravel board in to  a box f i l l e d  otith gravel, t i l t i n g  the 

board so the aurplus v i 1 1 1  run off and t h ~  hole8 w i l l  be 3 u a t  

f i l l e d .  Then reversg the board oontaining the papere and 

plaae S t  over the board o f  gravel, Hold t i g h t l y  together 

and turn  both boards together upside down and the gravel 

w i l l  ba emptied in  t o  the torpedo board a l l  a t  once. Re- 

move the now empty gravel board and mith the fulminate box 

shake a l i t t l e  of  the ~owder in to  eaoh l i t t l e  bag o r  gravel 

just  a s  you would shake s a l t  from a eal t -oel lar .  Only a 

very l i t t l e  is required. Now dip the t i p s  of the thumb and 

forefinger Into paste  and vith  the finger t i p s  of both hands 

gather up the edges o f  the paper, bunoh them together and 

by giving a fan t w i s t s  the torpedo is f inieWdr Capo muat be 

taken not to twist too t i$h t ly  na the torpedo w i l l  be l i k e l y  

t o  explode In tha fingers. 

JAPANESE OR CAP TORPEDOES 

These, while oonsiderably safer  than the lsilver 

torpedoes to  make, and handle, requirs  to be s t ruck t - ~ i t h  

muoh more force i n  order t o  make them explode. F i r s t  we 

munt proceed t o  make the caps. FIGURE 75, PLATE V o  



m e r e  a r e  required n pan 2" deep, 8" wide and 10" long, 

a number of pieces of blanket 12" square qhich m e t  be well 
1 .  

dampened before  using, and a cap dropner made bv drsving 150 

8 penny n a i l s ,  f o r  one inch of their length i n t o  a wooden 

block I*" t h i ck  and f i t t e d  n i t h  a handle, as shown in 

t r a t i o n r  The heads of t h e  n a i l s  should be well l eve l led  up 

so t h a t  every one touohes vhen dropper atands on h Plat  sur- - 
+ face*  Also cu t  n l o t  of pieces of ~ o s t e r  paper 6" x 8" and 

place them i n  tvo p i les  on the  nork tab le .  They are f o r  drop& 
I 

ping the cap8 onto. The cap c~mpos l t l on  i e  made a8 follows: 

NUMBER ONE IWMBm 'IT0 

Chalk ik 11 2 oza. 

S i f t  separately the S n g r ~ d i e n t a  of  No. 1, mix thor-  

oughly and moisten In a bowl n i t h  water u n t i l  of the  conr 

s ia tency  of porrgdge* In another bowl moisten the  2 ozs 

Amorphous Phosphorus t o  the same consis tencg. Then st i r ,  

the  phosphorus i n t o  the bow5 containing the  o the r  ingredients ,  

with a apoon. '"hen thoroughly mixecl. pour i n to  the pan pre-  

viousZy mentioned 

Take the  dropper by ' t he  handle and d ip  it into the  

pan of eompoaition, remove It and p r i n t  it lig'htly i n to  the  

top; she@$ OF one of the  p i l e s  of  poster .  W t h  a wide brush 

pas te  the  top sheet  on the o ther  o i l e ,  a l l  over on one 3id.e 

with t h i n  p a a t e  t o  which a l i t t l e  dex t r ine  has been added and - - 
reverse  i t  on to  the  sheet t h a t  has jus t  had the  caps dronved 

on it* NoOI remove the  f inished sheet  o f  caps t o  one o f  the 

damp blankets  and repeat  operat ion,  p lac ing a piece of blanket 
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between each sheet of caps u n t i l  a l l  t he  como8ition 18 used 

up a f t e r  which plaae a l ight  board on tor> of  the b i l e  of al ter-  

nate  caps and blankets, end on t h i s ,  a n e i ~ h t  allorinn: it to 

remain for  about an hour, a f t e r  nhich renlove the blankets and 

p l a ~ e  the pile of cape i n  a t ight box -re they cannot become 

dry. 

Now f i l l  the torpedo board as before directed onlv 

using a somevhat smaller gravel  board, Take out a few eheeta 

of cap8 and with a long p a i r  of soissora cut botneen each 

ron o f  oaps eaoh way 80 me to separate them. Now placle one 

aqumely on top of the gravel in eaoh ' torpedo and taking a 

handful of gravel, drop a l i t t l e  on top of each cap. Thw .. 

a r e  now ready t o  be twia$ed as described fo r  s i lve r  tome- 

does. !?hen a number have been flrdehed they should be nacksd 

i n  sawdust o r  rioe she l l8  and removed from the  workroom, Too t 

many ahould not be allowed t o  aooumulate i n  a b i l e ,  f o r  when 

dry, the explosion of one nil1 aometiroe f i r e  the e n t i r e  l o t  

and the f lying s t o m a  o f t e n  cauee serious i n  jury. Be sure 

never t o  allon the  oapa t o  beoome dry whllo making t h e  torpe- 

does, o r  i n  the storage boxr 

In makine cape, when a batch hee been oonmleted, be 

very careful  to  wipe up thoroughly every drop o r  sbeck tha t  

m y  be egi l led,  and mash well the pan and dropper e tc .  as n e l l  

as  the table ,  shears and brush used and throm amay the  nash- 

in68 where they w i l l  run off. - 
Japanese torpedoes do not keep much over - R vear as 

the phosphorus deoomposes and a f te r  smhile disappears entire- 

l y  from the  cap. Folloming a re  the pr inc ipa l  sizes and .pockinns "( 

of torpedoes t 



S ILVER TORPEDOES 

c- C 

SIZE PAPER HOLRS TOR? BOARD LO. IN BOX B'XS I N  CASR - 

JAPANESE TO- OBS - 
. ~ m .  Extra8 1*5/8" ir ' 26 100 

Japanese 

Japanese 

Cat Soat 

Cannon 

RAILROAD TORPIDOES 

These oons i s t  o f  a 1 oz. t i n  ointment oan containing 

a mixture s imi l a r  t o  t h a t  ueecl i n  paper cape. A e t r i n  of  lead 

i e  soldered t a  bottom of box ao It oan be e a s i l y  attached t o  

r a i l  by bend iw  strip around top of r a i l ,  and fires nhen en- 

gine rune over I t .  FIGURE 74 b. 

PP-PER CAPS li 

Theas a r e  mode similar t o  those deecrlbed under Japa- 

nese Torpedoes with such variations of d e t a i l  as a r e  nooessarv 

t o  their epsc ia l  requirements . Tbey 8 re ,of  ooiulae, punched 

out by maohinerg a shoet a t  a time. 

THISTL ING FIRFORKS 

The peoul lar  property of  Potaas: P i c r a t e  t o  whistle 

while burning has been known f o r  q u i t e  a long time and hag 

been made use of  f o r  producing t h e  amusing rrhist l ing f i r e -  

works. To make t h i s  a r t i c l e :  
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Dissolvo 1 ibe  of o i c r i c  acid i n  the  l e a s t  aosWbla . 
quant i ty  of boil in^ nator ,  i n  a porcela in  l ined r e c e ~ t a b t e ;  [ 

add $ I b ,  potass; Carbonate, l i t t l o  by l i t t l o ,  a t i r r l n g  con- 

t inuously,  Thon aid i l b r  Porrd. Sal tpeter .  S t i r  thoroughly, 

a l l o n  to  s tand  for  an hour and remove to  a hea~ry a ieoe  of 

f i l t e r  paper placed i n  a   lass funnel,  ~ ihe re  it can drnin. 

?hen dry  orus11 t o  f i ne  ~ o n d e r  ::it11 a nooden r o l l e r .  Very s m a l l  

quan t i t i e s  should be handled n t  a time a s  an explosion nil1 

caucle d i sas t rous  r o a u l t s *  The d.ry ponder may be ra&d into  - 
tubes from %" t o  3/4" diam. and c i l l  produce tho ~ r h i s t l i n g  

sound nhen burned. Bamboo tubes nro most affective. 

Oning t o  the ease !-rith :ihich Potnss pioro.te datonntets 

t rh is t las  oannot bo used in ahel le  but em11 tubes diam, 

end 29" l o n ~  xhen charged n i t h  the  above composition mny be 

pleced $n the  hpnds of rookegs o r  faatoned t o  the outside 

and arranged t o  burn a8  the  rocket  i s  ascendirig. Attached 

t o  rrhecla they a re  q u i t e  amusin,?, bu t  tho most e f f ec t ive  use 

f o r  Uem is nhzn a s e r i e s  of s i x  or eight  ranqing i n  s i z e  

from 41' diame t o  3/4" diarn. a r e  s e t  stdo side l f k a  a mndec-2 

Pipe and burned a imul tanaotxsly . 
SOIJ OF A GUN 
---.lll..L--Z 

( S p i t  Devil--- Devil on the Talk) 

This amusing l i t t l e  ~ i e c e  o f  f'iro!-rorka cons i s t s  of 

a d i s c  cbout on0 inch  o r  moro i n  d i n m e  chich, nhen ecratchod 

on the p avomont $ V ~ S  of f  a oontinuous s e r i e s  o f  l i t t l e  ex- 

plosions,  burning f ron  one hnlf t o  three quar ters  of a minute* 

On account of somowhat resembling candy lozenges FI number of 4 

f a t a l  accidonts  have OCCUilOd by omall ch i ld ren  
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bidden in somo sootions. They are  made as  follona: FIGURE 

16, Plate  VI, - 
Seoure a number of bocrds of 7/8" material and bore 

holes Into them deep and l;f" diome someuhnt as  shown a t  a. 

Turn up a pumher l i k e  b ahioh v i l l  work eas i ly  I n  the holea. 

Cut some red Foudrinier t iaaue paper in to  c l rcu lar  pieces 2qt 

diam. Lay them over the holes i n  board and punch in. Pour 

into  these the composition given below and fo la  ovor the edges - 
of the paper as i n  o *  Permit to  s e t  and when hardened thev ma:{ " 

be removed and thoroughly dr ied  nhen they m i l l  be ready fo r  

SON OF A GUN COMPOSITION 
- , 

Mix 5 ki$ograma of powdered gum ~ r a b k c  with 5 l i t r e s  

of water, adding water gradually with oonetant s t i r r i n g ,  Then 

add 1) kecgr Magne$Iw carbonate. Plaoe t h i s  i n  a water bath 

with a thermometer arranged so t h a t  temperature can be care- 

f u l l y  observed and heat t~ 5oQ C Q  After  which add a mixture 

of one kgl, white phosphorus and s t i r  u n t i l  en t i r e ly  melted. 

Continue s t i r r i n g  while cooling to  25' 0. A f t e r  which sdd a 

mixture of 2* ke. Red Ochre and 3 kg. Potaaa; ~ h l o r a t e  and s t i r  

un t i l  a perfeotly amooth ~ r o d u o t  r e s u l t s  a f t e r  vhioh it may be 

poured in to  the paper molds a s  above. a rea t  care must be used 

t o  prevent aooidents i n  all mixtures conta inig phosphorus 

and ohlorsta o f  Potass. 

PHARAOHS SERPENTS EQGS 

 his remarkable substance oonsis t s  o f  amall pe l l e t s  

of Sulphocyanide of Mercury Which has the remarkable ~ r o g e r t v  
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of swelling 25 to 50 times i t 8  or iginal  s i z e  -hen l ighted,  are-  
I 

duoing a long snnke l i k e  ash* TO orepare, mnke a concentrated 

solution of Mercuric chloride and add l i t t l e  br l i t t l e  a solu- 

t i o n  of potassium sulphocyanide, a t i r r i n p  conetantlg. A pev-  

lsh preoip i ta te  n i l 1  be formed and when the  l a s t  drop of 

sulphocy~nide added no longer produces eloudineas permit the 

mixture to s e t t l e ,  Drain off a s  much 08 posaible of the c lear  - * 

eupernant l iquid,  remove p rec ip i t a t e  to  a paper F i l t e r  nlaceil 

i n  a glass  funnel and nash s l i eh t lg .  m e n  thoroughly dry re- 

duce t~ * f i n e  po~derr  %en ready to  make the  "egqa" m i s t e n  

very sparingly mith a weak solut ion of Qum Arabic ~ n d  form in to  

small cones n l th  the appliance FIOUR4 77, PLATE VI. 

There i e  a lso a l a rge  blaok anake on the . market . under 

the name of "bhgio Serpentel' containing asphaltum, potaes: bi- t 

ohrolnate and other things but i t a  formula is not known to  the 

author. 

SNAKE NESTS 

(Snake i n  the graea) 

Wac consis t  of  small oonea of t i n f o i l  containing- 

a preparation which, when igni te? ,  oroduce a p a s s  green lsile 

of aah from wNoh presently emerge8 a "pharaohs serpent" 

Cut some tin f o i l  in to  c i ro lee  lhl' diam. Cut these 

again from the periphery to  the center as  ahown a t  a PIrzURF 

78, PLATE V I .  Fold them around the former ( b h o  a a  t o  make 

l S t t l e  conea and inee r t  tnto b look(c ) f i l l i n$  them with the 

following oompoaition; 

Sa1 tpe ter b 1 

&moni@n biohromate 2 

Dextr ine 1 



1 

PLATE VI 
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m e n  qui te  full up t o  tho edge of the block, aresa into  center 

a p e l l e t  of ~harooh ' s  Serpent ponder. Fold over the edge8 to  - -  . 
the center and remove *om blook. To use, l i g h t  a t  top of oone. 

COLORED FLAMES - . 
These a r e  made by diaeolving various substances i n  

a100Wle A oogper oon f i l l e d  with cotton l a  impregnated with 

the alooholio aolutionr It l a  l igh ted  by a t u f t  of ootton 
9 

l e f t  protruding from the opening, FIOURR 79, PLATE VI. 

For Oreen Flame use Boric Aopd* 

Red $trontium o r  Lithum Chloride 

Yellon Sadium Chloride 

~ l u e  Copper auliate o r  Caseium carbonate - .  - 
Bafore l i gh t ing  sprinkle a l i t t l e  of  the pondered chemical 

over the  cotton ahers it projects  Prom the can, 

COLOKED FIRE STICKS 

These oonaist of th$n vfooden s t i cks  s imi la r  t o  a n ~ l i c a -  

t o r s  used by physiolans f o r  applying iodin e t c ,  to affected 

par t s .  They w e  dipped for  hcnlf their length in to  colored 

f i r e  compositions i n  a more or  leaa l iqu id  s t a t e .  

One method i s  t o  meat one part of gwn ahellao i n  an 

i ron  pot,  s t i r  i n  $%ve par t s  of very finely powdered etrontium 

n i t r a t e *  To keep th le  su f f io len t ly  l iqu id  it must be keot quite 

hot  by the use o f  a steam ket t le .  ThSs 59 for  red eticks.  

Another method i d  to d l 8 a o l ~ e  the shellac i n  alcohol and ad- 

ding the  8trontluml The pr9per oonsletency of the mixture can 

be e s s i l y  regulated by using more o r  l eas  alcohol as r e q ~ ~ i r e r f *  

When the s t ioka are  dried they are ready fo r  use* 
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or chlora te  

Green i a  not so  suoce88fully mada, barium nitrnto/bcing sub- 

8 t i t u t e d  fo r  strontium. A little lampblaok improves the b r n -  
l 

in6  but  de t rao ts  from the  color, espooially the peen. 

Tho s t ioks  aro bushed in to  a groove In the bar as  ehom, 

FIGURE 80, PLATE V I .  f o r  drying@ 

RUBY AND EMERALD SHOTER STICKS 

These a re  muoh more e f feo t ive  and are made i n  much 

the same manner as above, ualng f o l l o n i w  oomosition: 

Strontium n i t r a t e  6 ".. 
Coarse Alundnum 6 

Potaaeium Perchlorate 2 

Shellao 1 

Dlssolve ahellac i n  alcohol and add other  1ne;re- 

d ien ts ,  previously well mixed. S t i r  thoroughly to  a consisten- 
f 

og of th ick  glue and d ip  $ t icks  previoualy arranged in  holder 

80 the7 may be plaoed I n  drying rack. 

FOR GREEN USE1 

Aluminum powder, ooarae 6 

Barium Chlorats 4 

Shellac 314 

The Japanese xrpke a s imi lar  a r t i o l e  of twisted rDaDer 

but t h i s  requires a p e a t  deal  o f  nracltioe and ~ a t i e n c e  to  

learn,  almoat unattainable by naa t e rn  races 

S P A R K L E R S  

Theso a re  made i n  a general May l i k e  the above but i n  

e f f e o t  they throw o f f  a shower of beaut i ful  sparks so di s -  \ 

t i n c t i v e  to  Steel  F i l ings*  The following camoosition may be 
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Lamp blaok 36 

Powdered oharcoal 25 
, 

Steel  Fi l ings  30 50 

Alwninwn powder 15 

Qum Arabio 6 5 

Sal tpeter  6 15 - 
Sulphur 2 6 

The (lum Arabic l a  worked up with moter i n t o  the con- .. 
aistency of' mucilage, the other items, exoept the s t e e l  f i l i n g 9  

a re  s t i r r e d  in. The s t e e l ,  protected by paraff in  as explained 

l a  f i n a l l y  added. After the m%xture Is worked up to  the con- 

sistency of  porridge the s t ioks  are dloped as for oolored 

F i re  Sticks. 

JATER FIREWORKS 

These oonsist  mainly of f ive  o r  s ix  var ie t i e s  as  

follows: FIQURE 81, PLATE V l r  

No* 1 Floating gerb o r  roman candle* A cone shaped ~ i e o e  of 

l i g h t  vood l a  bored pith R hole of sui table  s ize  t o  take the 
" 

gerb or candle as  shown* In order to secure an uarilqht bogi- 

t i o n  with roman oqndlea i t  i s  sometimes necessary to  nlace a 

sharge of iron f i l l n g a  i n  the bottom ~f a case. 

No . 2. Floating Tableau Lights are  merely a colored pot of 

s 'u i table  size placed on a board. 

No. 3. Diving Devils A sharp gerb i s  f i t t e d  with a hollow 

head s e t  a t  an a n ~ l e  with the case. Careful adjustment must 

be made ao as t o  insure the f loa t ing  o f  the  gerb vhich . . mill 

Cause it t o  dive in to  and como u~ out of  the water ~ r o ~ e r l ~ r ~  
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This i s  perhap8 the most nmusing oiece of Ra te r  fironorks ns  

ve l l  as the one c n l l i r g  fo r  the  most careful  nark. The  ti^ 

of float must be ueighted ao as ta onuso i t  to  d ive  and yet  

be buoyant onougb t o  mlos i t  rise a ~ a i n .  

No. 4. Fish are made s imilar  to the Diving Devil except 

tha t  not so much adjustment i a  neceaaary as they only run 

around on t o p  o f  the natar.  

No. 5. Vater Bheola a r e  an ordinary Vertical  %eel s e t  on 

a board float as  shown, 

The Fish and Devils should be heavily coated n l t h  

paraf f in  nhen Pinished; even the nosing of tho matah s h o ~ ~ l d  

be grotec tad i n  this manner and water-proof fuse, bronerl~r  

primed, used f o r  l igh t in81  

Water flromorka are only oraot ica l  on quiet ~ o n d s  and 

small lakes and are uaually $ired from a s k i f f *  Great care 
sc 

should be used to  pro tec t  the aupply i n  boa t  from sparks of 

those burning, In  order t o  nrevent accidents to  the onerator 

#6 2s a Flooting Mine. 

SMOKE AND SPARK POTS - 

Theao n r e  used mostly i n  the la rge  spectaoular pyro- 

technical  pic tures  fenturlng voloanos e t c ,  such a s  t' The. Last  

Day8 of  Pornpelt " Burning of R O N  '' etc .  They coneiat of 

ahort mine cosog about 41' to 6" i n  d inme and. 6" to 12" long* 

 he compoaitiona are r 
SPARK POT 

Meal po~rdsr 

Fine Charcoal 

Sawdust 



StIOKE POT 

Strontium Nit ra te  10 Sal tpotor  4 

Sulphur 6 Lnmpblnck 1 

Whiting (Chalk) 4 Chrrrconl 1 - 
Fine Charcoal 314 ~ s d ~ r s o n i o  1 - 
Dex tr in@ 3/4 Rosin 1 

SMOKE SCRREM 

Vhile theee arc raol lg  no p o r t  of the  pyroteohnical 

a r t  they do come under t he  heoding o f  Mil i tary ~yroteohr; ica.  

They oons i s t  of n fine streom of Titanium t e t r ach lo r ide  nhich 

i s  sprayod *om on a i rp lane  st a au i tab lo  height  and &ieh - in  

f a l l i n g  produoes the dense smoke Sntonded t o  acroon what i s  

behind it. The 1Squld i s  projeated baaknard from the  olane n t  

the  acme rate aa the plane8 movement through tho a i r  so that 

the drop le t s  t a l l  aorgendioulnrly 

SrAOHE CLOUDS 

Theas @re for  use  i n  day f i renorks  diaolays and. con- . - 
s l a t  of amall sho l la  f i l l e d  ~ S t h  v a ~ i o u a  colored nouder suoh 

as vermil l ion f o r  red clouds, ul tramnrine f o r  blue, yellom 

oohre fo r  yellow and chrome ween f o r  green clouds. The 

burs t ing  ohnrga i a  put  up in 0 l i t t l e  PRT)GF bas nhich i s  

faatenod t o  t h e  end of the  fuse on t h e  i n s i d e  af the ahel l ,  

Tho oolored ponder i a  nacked as t i g h t l y  ae  noasible i n  each 

half s h e l l  t he  two hnlvea slappod together and a s t r i o  of 

glued oanvaa passed around tho jo in t  t o  hold themc 

SMOKE STARS 

Suoh, a8 are  used fo r  producing the enormous s n i d e r  

e f f ec t8  of the Jape Day Shel ls  a re  bor s ta rs ,  closed a t  the 
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bottom n h i l e  the t o p  has ttvo s t r i p s  of heavy DrDer ocsted 

ac ross  i t  90 ns t o  l eave  only a  s m n l l  p o r t i o n  o f  the contents  

exposed. T h i n  end i s  primed t o  make it take  fire e n s i l v  nnd 

t h e  c ross  s t r i p s  r e s t r i o t  the  opening so that t h e  conroosition 

smokes i n s t e a d  of  t a k i n g  f i r e  and flnmin,: while burning. 

SMOKE STAR COTdPOSITION .---,- 

Sulphur 

S a l t p e t e r  1 

Ant imony Sulph 1 

S!JrOKE OERB FOR HANGING FROM PARACRUTE ( YSLLOT ) 

Black Antimony 1 

Red Arsenic 1 

Sulphur 1 

SaLtpe t e r  1 

RED SMOKE GREEN SAIOICE -- 
Potass :  Chlora te  1 Potass  : Chlorate  33 

Lactose 1 Lactose 26 

Aummine 
3 

15 
Pnrani  t r a n i l i n e  

Indigo (Syn the t i c )  26 

BLUE SE:OKE .- 

Potass :  Chlorate 7 

Lactose 5 

Iudigo  (Syn thc t io )  8 



P A R T  I V .  
I - 

EXHJB IT ION 

SNAKE AND BUTTERFLY 

This ingenious pieoe o f  firework8 i s  believed t o  have 

been devised by the Brook Firework8 Co. of Surrey,. England, 

and created qui te  a sensation a t  the Cryatal Palaoe when 

f t r s t  ghown about fort$ ysare ego4 It ooneiste of a make 

squirming around in the a$r 8 f t e ~  s butterfly whiob manages 

however to evade I t r  

The, framework oonaists o f  an endlesa chain of wooaen 

l inks  4" x en bolted together and running on four eprookets 

snd four i d l e r s  of a su i tab le  a i z e  a8 shown i n  FIOURE 82, 

PLATE V Z o  When mounted, a crank I s  attached to  one of the 

eprookets by whloh the whole $8 operated. The engke and but- 

t e r f l y  are mads of lanoework whioh i s  attaohed t o  the chain. 

FOCKET @HEEL 

Thla  i s  a very old, y e t  always a t t r a c t i v e  devioe. 

It consists  of two wheels three fee t  i n  diameter, attaohed 

to  opposite ends of  an axle, arranged t o  revolve horizontally 

on a spindle a8 shown. The rockets pass through aorew eyes 

along the r i m  o f  the vheel, and are  matched to  f i r e  a t  inter-  

vale as the wheel revolvea by bein8 connected to quccessive 
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dFSvers. On the top is a ba t te ry  of roman candles. The top 

wheel is f i t t e d  with ordinary drivers containing ateel f i l i n g s  

and matohed t o  burn two a t  a time, one each on opposite sides. 

.The lower wheel i s  f i t t e d  with aluminum gerbs a l l  to burn a t  

once with the lest  two drivera of' the top wheel, The l a t t e r  

are  set  a t  an angle with the axis of rotat ion so as t o  give a 

wgder spread of f i r e @  The battery o f  oandles starts with 

eecond p a i r  of drivers of tog wheel FIWRE 83, PLATR Vf 

REVOLVINO GLOBE 

This sinrple get baffl ing and always interesting- 
,. * 

devioe is wnatntoted as shown in FIGURE 84, PfiATF: VI. The 

frame mag be aeoured in different  sireee, a l l  madg for lances - 
@ t o .  from manufacturer$ of f ireworks wheels In North Weare, 

N. He or  i t  may be oonstruotad by the pyroteohniat himself 

aaoordlng to auggeationa given in aketoh. 

When the pieoe $8 tjurnlng, tihe globe aplsears to . be - 
revolving f i r s t  i n  one, then in the other  dlreotion i n  a most 

amus ing manner 
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CHINESE FlRE CRACKERS 

FIGURE 864 PLATE Vie 

A8 far  a8 is  known t o  the writer there hag never been 

given i n  English a detai led deeorlptlon of thi8 in te rea t ing  . - 

l i t t l e  a r t i o l e  of pyroteohnloe of whioh there a re  undoubtedly 

more made than of an7 other  oieoe of i i r aworke~  The ingenultta 

of i t s  produotion i n  the unbelievably large quant i t ies  t h a t  

they a r e  made I s  only equalled by the  many other  unusurrl 

things done by thie m e t  pa t i en t  and painstaking raoe. 

The tube8 o r  flreopaoker oagea a re  1-3/4" long, 1/4" -- 
outaide diameter and have a bore of 5/32It* Tlley are rol led 

of a grade of paper unknown in t h i e  oountry; perhaps the 

lowest grade of  pap@ mebe, uneleed and qui te  i r regular  in 

oharaoter) a s o r t  of oorase blo t t ing  paper a A small amount 

of gum water o r  r i o e  paste is used a8 a binder and the case 

i s  f inished with one turn of very thln red, green or  gellow 

paper. They e r e  ro l l ed  i n  length8 of one t o  two f e e t  and 

then out t o  the required a i m .  . 
Now a blook i s  prepared for  gethering about 1000 of-  

the tubes $at0 a hexagon shaped bundle, a s  followso A piece - 

of hard wood about Iv thiok and out  in to  a hexagon, each aide 

of whioh 1s  5') wide i a  provided with pointed wood o r  metal 
- ,  

pine 3/411 long and 5/32" diam. r o t  In to  the wood base so t h a t  

the  above amount projects ,  and axaotly apart.  They a r e  

a l so  a r r a n r d  In a hexagon with sides 4 inches wide. A tubs 

Is now slipped over each p in  u n t i l  the e n t i r e  block i s  f i l l e d ,  

having previously provided a wood frame the same s i ze  es the 



outside of the block one half  Inch thiak and having an lnsirle 
. .  - 

diameter s l i ~ h t l y  greater  than the  aaaembled tubes 80 as to 

be able  to  s l i p  s n u a y  around them. This i a  s l i ~ p e d  up and 

down a few t i m e  t o  shape the bundle nicely and a s t r ing  t ied 

around it t o  fu r the r  eeoure same* - 
A pleae of white paper i s  now pasted over the top 

of the bundler Vhen dry it %a removed Prom the form and B 

piece of paper pasted on t h e  other s ide  when it i s  dried again* - - 
The under s iae  i s  nniatenad a t  the edges and the surplus paper 

neatly rubbed of$. VhcM again dry  the upper s ide  i s  noistenc*l 
* - 

a l l  over and t h e  paper over the top of eaoh cracker i e  pierced 

mith a punch or  round p ~ h t e d  s t l a k  so tha t  they mag be chafqed 

With the  neaesaarg powder and olay* Some operators hgld 

several s t ioke i n  between t h e i r  fingere a t  one time so a8 to  

be 6ble t o  punah several hole8 simultaneoual~. 

A wooden board about one inch wider a l l  around than 
* 

t he  bundle of orslokers and t" inoh thick with 1/8" holee bored 

through it, aorrespondlng exact ly  i n  poalt ion wtth the arackere 

i n  the  bundle, 1 s  now l a i d  on a smooth board, covered with 

f ine ly  powdered olay which l a  presaed into the holes in  it ,  

with t h e  hand, u n t i l  it i s  firm enough not t o  f a l l  out when - the 

piece $8 35e'ICoQE. The surplus  i s  brushed off  and it i e  ~ l a a e d  

over the bundle o f  crackeps 80 t h a t  the clav f i l l e d  holea are 

exactly over the oponinga i n  the tubeac A a l ight  blow i s  

ueually su f f i c i en t  $0 csuae the clay t o  f a l l  in to  the crackera 

Any not f a l l i n g  out $8 pushed out  ~ 5 t h  a st ick.  The bundle 

I 8  jarred s l i g h t l y  at;ainst the table t o  make the c lay  set t le*  

A s imilar  operation i s  now performed ~ 5 t h  a thicker board con- 



ta ining o l ight ly  la rger  holes capable of holding the ponder 

charge a f t e r  which the clay board is used once mope as de- 

saribed above 4 

The top layer  of paper l a  now moistened so tha t  it may 

be en t i r e ly  removed and the olay which has become s l igh t ly  

moistened a s  well, i s  gently pushed down with a sui table  rammer. 

It i s  then dr ied  in the sun. Ths bottom end l a  n o w  carefully 

dipped in to  water, turned bottom up and t h e  paper removed from 

t h i s  side also,  the olay pushed down and pferoed with an awl 

f o r  the purpose of inser t ing  the match o r  fuse. This i e  how- 

ever not done u n t i l  the  oraokera have been again dr ied  i n  the 

sun* After the fusee ere Inserted, the ends o f  the oracksrs 

are pinohed around it, about 1/8" from the end, by a orimper 

o r  two blunt knives hinged together a t  one end and have a V 

shaped notch cu t  out  of the oenter of each blade, so tha t  

when the two notches approach from opposite side8 they pinch 

the cracker topther and cause the fuse t o  be held i n  place. 

When they a re  now f i n a l l y  dried fo r  the l a s t  t i m e  they are 

p la t t ed  together so a8 t o  form the packs of commerce. The 

p l a t t i n g  and wrapping of the packs i a  auoh a dexterous per- 

formance t h a t  it i s  useless  t o  t r y  to  describe i t  as it i s  

only aoquired by many years of  eucceeding generatlona doing 

the same thing, 

The following formula8 are i n  use f o r  making the 

composition used i n  ohinese crackers and f l a s h  crackers: 



CHINESE FIRE CRACRERS 

Sal tpeter  50 ' 

Sulphur 28 

Charcoal 25 

Chlorate Potass 

Sand 

FLASH ORAClU5RS 

Sal tpe tsr SO 

Sulphur 30 25 50 
I 

Alumlnum Povtder f ine 20 26 40 

Per4hLorete. Post;aser 50 30 

A very important ae well a s  extremely d i f f t c u l t  aart of 

the  Chinese oraoker t o  make 18 the mae. Very tender and 

s k i l l e d  finger8 are required t o  produo8 t h i a  inaignifioant - 
looMng ye t  moet r equ i s i t e  ad3unot. A t h in  strip of the - * 

f i n e s t  Chinese t i s s u e  paper, about 3/4" wide and 14" long i s  

l a i d  on a smooth danp board; a l i t t l e  stream of powder i a  

poured down i t s  oenter f'rom a hollow bamboo e t iok and with the 

t i p s  of aoft skinned f ingers  whioh seem t o  have an at t raot ion 

f o r  the paper and placed against the r i g h t  hand lower corner, 

a r o l l i n g  motion i n  the g e m 8 1  di rec t ion  of the upper l e f t  

hand oorner oausee the gaper la r o l l  up into a twine l i k e  

h a e r  The e l i g h t e s t  touoh of ~ a s t e  secured the end and rrre- 

vents qnrol l lngc Wen dry i t  i s  out in to  the required lengths 

and l e  ready for use. - 
NOTE; The Information upon whloh the  foregoing a r t i o l e  nas 

written has been supplied by Ip Lan Chuen, Manager of the 

Ilmong Man Loong Fireworks Cacof )long Kong, China. 



I N D E X  

Aerolitee 
Aluminum 
Ammonium chloride 
Antimony, metalic 

11 red and blaok 
Asphal twn, gum 
Arsenio, red 
Balloons, designing 

II 
I1 

constructing 
11 

fireworks attaohmenta 
in f l a to r s  

Barium, n i t r a t e  
II ohlorate 

Bengolas 
Blue l i g h t s  
Bat te r ies  
Bombette fountains 
Bombshells, round 

I? 
II 

canils t e r  
Japaneae 

Boris ?o ld  
Bouquets 
Calomel 
Caecades . 
Cases, r o l l i n g  

11 
11 

candle 
oaleoade " drying " gerb 
dr iving 

I) Lanoe 
" mine & f l o r a l  s h e l l  
II 
I? 

saucisson 
I t  

serpent 
I1 

s h e l l  
I t  

rocket 
torch 

Charcoal 
Colored fires 

I t  
I t  

amokele s a 
s t ioks  

Clay 
Come t a  
Co per, carbonate 

Chartiers 
I t  
It 

black oxide 
sulphate 

Crackers, cannon 
tt Chinese 

Engl i s  h 
f l a s h  

Crimping 
Des igning 
Devil among the t a i l o r s  
Dextrine 

m""* 

Dry in6 



I N D E X  

Elec t r i o  spreaders 
Exhibit ion f irenorks 
~ i a m e a ,  Colored 
Finishing 
Flower po t s  
Formers 
Flares  
Fountains 
Frame work 
Fulminate of s i l v e r  
Fuse, b lae  t i n e  
Fuses, s h e l l  
Fusees, r a i l r o a d  
Gerbs 
Glue 
Gold & Si lver  rain 
Gum Arabio 
Globe, revolving 
Gun powder 
~ e a d i n g ,  rocket  
Introduc t Son 
Ingredients 
Labeling 
Lampblack 
Lancea 
Lanc ewer k 
ElIa nesiwn f Ma ching 
Match, candle & rocket  

II 
tt 

exhib i t ion  
frame " pipee 

Mealpowder 
Mines 
Mine Bags 
Mixing 
Mortar s 
Manipula tiona 
Niagara F a l l s  
Orpiment 
Paper oapa 
Parachute8 
Paste 
Paris p e e n  
PScric aold 
Pigeons 
Pin wheels 
Pharaoha Serpent Eggs 
Port  f i res  
Pots, smoke " spark 
Phosphorus 

11 amorphus 



I N D E X  

Potash, bichromate 
11 chlorate 
It 
It  

n i t r a t e  
perchlorate 

Priming 
Ramming 
Realgar 
Red gum 
Rookets, skg 

11 standard s izea 
)I bombshell 
11 ohain 

Rockets, oones 
II 
11 

f l i g h t s  
golden oloud 

l t  
11 

l i qu id  f i r e  
parachute 

II 
- 

II 
p r ize  oometio 

II 
report ing 

I1 
shor t  s t i ck ,  

I1 
B tand 
willow tree 

Roman candles, 
11 II ramming, hand 
II II machine 
II 11 standard s izee 

Sam dust 
Saxon wheels, 
Saucissona 
Shellac 
Sheel-lao 
Shella, p la in  

11 
I1 

double & t r ipp le  
II 

f l o r a l  
II 

Japanese 
meteoric 

Ship l i g h t s  
Serpents 
Smokeless f ire8 
Smoke fireworks " olouds, oolored 

" stars 
screens 

Snake nes t s  
Snake bc, bu t t e r f ly  
Son of a C3un 
Soda oxalate " met-antimonate 
Sparklers 
S tar t ing  f i r e ,  
Steel  f i l i n g s  
St icks ,  ruby & emerald 



Stare, out 
11 
t1 

box 
oandle " oompositione " exhibition8 " granite 
Japane ee ' molds 
p w e d ,  hand 
plate  

Strontia oarbonate 
11 nitrate  

Stearine 
Sugar o f  milk 
Sulghwr , f lowera 

I) -. f l o w  
I 
11 

ground 
washed 

Tableau f ire8 
Thalium nitrate - 
Tor o b a  , alunisrum 

18 
n orampaign 
II 

parade, Carnival 
railroad 

Tourbill iona 
Trailer stare,  
Trlanglee 
Tor edoes, Japanbee R -- railroad 

f ireworks, 
I1 
11 

beacons 
.. divers 
II 

t I 
i lying f$ 

I1 
a n e e  
wheala 

Wheels, rooket 
aaXOn " vertioa3 

Waep li@t 
OJhisyt 
Whir tZing fireworks 
WPkpplng a ino 




