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IRENDS IN AEROSPACE: Can space be commercialized?

Fhe immune assault that causes diabetes.

Why we should take immediate steps to slow global warming.

Fireworks have marked celebrations for centuries.

Behind the ,rllli"'-llfl ¢ and .'I'.'.Hl'!.l'“-' lies the science "J|ll pyrotechnics.



Pyrotechnics

The secrets behind dazzling fireworks displays are yielding

to scientific snooping. Similar principles are at work in
devices ranging from the space shuttle to safety matches

distant, muffled “whoomp® re-
A sounds, and a trail of yellow-
orange sparks tumbles into
the night skv, culminating In a circu-
lar burst of brilliant blue and green
streaks. Another explosion shoots out
a ragged arc of red streamers, followed
by a shower of white and gold sparks.
A third firework produces a staccato
barrage of bright flashes of white light
and thunderous noise.

These effects have been a familiar
part of major celebratons for centu-
ries. For most of that time, the design
and composition of fireworks was a
craft, not a science. Onlv in recent
decades have researchers begun to un-
ravel the physical processes that un-
derlie the production of dramatic col-
ors and special effects. As a result of
these investigations, a mue discipline
of pyrotechnics—the “science of fire™—
has emerged. Pyvrotechnics embraces
not only fireworks but a whole range of
devices that use similar materials, in-
cluding hazard flares, safety matches
and even the solid-fuel rocker boosters
of the space shuttle.

One of the oldest pyrotechnic com-
positions, black powder, serves as both
the propellant and explosive charge in
modern firework shells. The Chinese
developed black powder (the original
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ciation and adjunct professor of chem-
istry at Washington College in Chester-
town, Md. Every summer he teaches
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gunpowder) more than 1,000 years ago
for use in crude missiles and firecrack-
ers. Awareness of black powder trav-
eled west during the Middle Ages. The
English monk Roger Bacon disclosed a
formula for the explosive mixture in
1242 as part of his defense against ac-
cusations of witchcraft, He considered
it such a dangerous material that he
wrote about it in code. As the formu-
la became more widely known, black
powder revolutionized guarrying and
construction. Weapons such as mus-
kets and cannons, developed during
the 14th century, exploited black pow-
der as a propellant.

The basic formula for black powder
has persisted essentially unchanged
throughout the centuries: an intimate
blend of potassium nitrate (common-
Iv known as saltpeter), charcoal and
sulfur in a 73:15:10 ratio by weight.
It may in fact be the only chemical
product that is produced today using
the same ingredients, the same pro-
portions and the same manufacturing
process as were used in the time of
Columbus. This constancy reflects the
fact that black powder is a nearly ideal
pyvrotechnic substance. It consists of
abundant, nexpensive chemicals that
are relatively nontoxic and environ-
mentally safe, The mixture Is so stable
that it can be stored for decades with-
out deteriorating, if kept dry. Black
powder is casilyv ignited by means of
a moderate jolt of energy, such as a
spark or a small burning fuse.

Historically, only a handful of fami-
lies have dominated the fireworks in-
dustry in the West. Detalls such as
chemical recipes and mixing proce-
dures were cloaked in secrecy and
passed down from one generation to
the next. Families remain an important
force in the industry. In the U5, for in-
stance, there are the Gruccls of Bell-
port, N.Y., the Zambellis of New Castle,
Pa., the Rozzis of Loveland, Ohio, and
the Souzas of Rialto, Calif. One effect
of familial secretiveness is that, until
recent decades, basic pyvrotechnic re-

search was rarely performed, and even
when it was, the results were not gen-
erally reported in scientfic journals,

is not unlike normal combustion, A
pyrotechnic composition contains
an oxygen source (oxidizer) and a re-
ducing agent (fuely. They are usually
separate, solid chemicals that must
be phvsically mixed together. When
heat is applied, an electron-transfer, or
oxidation-reduction (redox), reaction
takes place.
Atoms in the fuel lose electrons to
atoms in the oxidizer. In the process

I n principle, the pyrotechnic process




the fuel atoms bond to the oxvgen
atoms that are liberated from the oxi
dizer and form stable reaction prod-
ucts, The new chemical bonds are more
stable, and so energy is released in the
form of heat; the same process ooours
in combustion. In combustion, howey-
er, the oxygen comes from the alr. In a
pyrotechnic mixture the oxygen is self-
contained, and the heat is much more
closely confined.

As long as a pvrotechnic mixtire re-
mains cool and dry, it is generally quite
stable. A solid mixture experiences
only a very slow surface reaction con-
trolled by diffusion. When the composi-
tion is ignited, it begins to Hguefy and
vaporize in the resulting pyrotechnic
flame, and the fuel and oxidizer close-
Iy intermingle. This proximity leads to
faster chemical reactions and, in turmn,
still more rapid energy release.

Pyrotechnics makes use of a varle-
ty of fuels. Many mixtures incorporate
organic {carbon-containing) materials,
such as charcoal iused in firewor 1d
gunpowder) or sugar (in smoke gre-
nac Other common fuels include
nonmetallic & such as sulfur,

silicon and boromn. on and boron re-

a large amount of energy when
red, and they do not produce gas

in the process. They are used in delay
fuses to ignite other compositions at a
desired time. Chemically active metal
fuels—most often aluminum, magne-
sium and titanium—burn at high tem-
peratures and emit bright lipht. They
came into use in rhe 19th century and
dramatically improved the brilliance of
mrotechnic explosions.

The spectacular splashes of light
produced by fireworks are the most fa-
mous pyrolechnic phenomenon. The
color of the light depends on its wave-
length. Visible light consists of electro-
magnetic radiation having wavelengths
berween 380 and 780 nanometers (a
nanometer is one billionth of a meter).
The longest visible ravs appear red. the
shortest, violet. A glowing object ap-
pears white If it radiates throughout
the wvisible spectrum. If most of the
light is emitted in a narrow portion of
the spectrum, it takes on the color of
that portion.

Pyrotechnic compositions emit light
b three basic processes: incandescence
(blackbody radiation), atomic emission
and molecular emission, Incandescence
occurs when solid or liquid particles in
the pvrotechnic flame are heated to
d high temperature. The hot particles
emit a broad spectrum of radiation as

they attempt to shed their excess en-
ergy. The higher the temperature, the
shorter the wavelength at which the
most radiation is emitted. The intensine
of the emission is proportional to the
fourth power of the flame temperature,
50 a moderate increase in temperature
drastically brightens the flame.
White-light flares contain a reactive
metal, such as magnesium, as a fuel.
Solid metal oxide particles, created
when the fuel is oxddized, are heated 10
more than 3,000 degrees Celsius; at
these temperatures, their incandescent
glow is white-hot. A mixture of potassi-
um perchlorate and fine aluminum or
magnesium powder produces a pow
ful explosion along with a burst

SPLENDOR OF FIREWORKS bursts forth
in this photograph taken of New York
Harbor during the centennial celebra-
tion of the Statue of Liberty, Crude fire
works have existed for more than a mil-
lennium, but vivid color-emitting com-
pounds were not developed until the
19th century. Firework compositions
were often closely held family secrets;
only in recent decades have researchers
begun to decipher the chemical proc-
esses behind the flashes and booms.




TIME DELAY FUSE

RED STARS
AMD BURSTING
CHARCE

BLUE STARS
AND BURSTING
CHARCE

FLASH AND
SOUN

PROPELLANT

STARS AND
BURSTING
CHARGE

ELACK POWDER _
PROPELLANT

BURSTING CHARGE

DESIGN OF FIREWORK shells con-

trols their visual effect. All contain
black-powder propellint and a quick |
fuse that ignites the powder, ex
pelling the shell from a launch tube,
A time-delay Tuse sets ofl a bursting
charge alter the shell is far above
the ground. The charge activates
pellets (stars) of light-emitting com-
pounds. American -Furopean-sivie
shells contain a random mixture of
stars and bursting charge (top left).
They produce irregular splashes ol
codor, In Japanese-stvie chrysanthe
mum shells, the stars surround the
ﬂll-lr"ﬂrrlﬂhﬂ. creating symmet.

ric explosions. Multiple-burst shells
have several compartments, each
containing a different composition,
that are joined by timedelay fuses
ileft). The loud bang that traditional-
Iy ends a firework s produced by a
compartment containing aluminum.
powder mixture instead of stars and
black powder,

white light. Such "photoflash® or “flash
and sound” compositions have a wide
range of uses, from firccrackers 10 spe-
clal effects for rock concerts 1o bursts
of light for nighttime photography.
These compositions produce the bright
flash that traditionally terminatles a
firework explosion.

Larger mwtal particles retain their
heat longer than powders and can con-
tinuee to bum by drawing on the oxy-
gen in the air. They create white sparks
rather than an instantanecous flash. The
bigger the particles, the longer the
sparks last. Charcoal and iron particles
do not become as hot as active metal
particles—only about 1,500 degrees
C—and so they produce dimmer, gold-
colored sparks,

The brilliant colors seen in modern
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fircworks displays are penerated either
by atoms or by molecules present in a
vapor form in the pyrotechnic flame, In
the former case, the heatl of the Name
oxcites an electron in an atom and
bumps it [rom its normal, ground-state
orbital to a higher-cnergy one. The elec
tron rapidly retums 1o its ground state
and emits the excess energy as a pho-
ton (a single particle, or unit, of radia-
tion) of a specific wavelength

Sodium s one of the most patent
atomic light emitters. Sodium atoms
heated above 1,800 degrees © give
off vellow-orange light having a wave-
lengih of 589 nanomielers. The process
i s0 efficient that it tends 0 over-
whelm any other atemic or molecular
light sources in a pyrotechnic flame.
Even small amounts of sodiom-con:

taining impuritics can ruin efforts to
produce a llame of any other color.

In ather applicatons, sodium'’s pro-
digious light emission can be helpful.
Soclium nitrate oxidizer combined with
mapnesium metal fuel is the principal
composition used by the 115 military
to illuminare nightiime operations. The
magnesium s oxidized by the sodi-
um nitrate when the mixture is ignit-
ed; the resulting hot magnesium oxide
particles shine with a white incandes-
cent glow. High temperatures (3,600
degrees C) in the magnesium flame
also broaden the range of wavelengths
emitted by the sodium atoms. The re-
sule is an intense white light.

As with atomic emission, molecular
emission invalves a fransition from a
ground staté to an excited one. The
molecule must be in gaseous form in
the pyrotechnic flame, and it must be
heated 1o a temperature high enough
1o reach the excited stare that causes it
to radiate. If the (lame is too hot, how-
ever, the molecule disintégrates into its
constituent atoms and no light is emit-
teid. Moreowver, the molecules must be
sufficlently concentrated in the flame
o generate intensely colored light, but
the production of solid or liquid parti-
cles must be Kept 1o a minimum be-
cause they give off incandescem radia-
tion that washes out the color.

n the absence of theoretical under-
standing, colors were generated in
fireworks by a mial-and-ermor proc-
ess. Over the past several decades
Bernard E. Douda and Henrv A. Web-
ster I of the Naval Weapons Support
Center In Crane, Ind., and David R.
llehay of the Longhom Division of
the Thiokol Corporation in Marshall,
Tex., have conducted research that has
belped Identify the principal colored
emitters in pyrotechnics. Takeo Shi-
mizu of the Koa Fireworks Company in
Japan also has contributed 1o this area.
A few groups of molecules are re-
sponsible for nearly all the colors in
fireworks. Compounds of the element
strontium produce the reds: stronti-um
hvdrexide (SrOH ) and strontium chlo-
ride (5rCl) emin red Hght an wavelengths
between 605 and 682 nanometers. Mol
ociules containing barium create the
greens. Barium chioride ( BaCl), for in-
stance, emils green light at wavelengths
between 507 and 332 nanometers.
These molecules are so fragile that
they are unstable at room tempera-
ture; conscquently, they cannot be
packed directly into a firework. Instead
they are synithesized in rapid reactions
in the flame. Manufaciurers add such
compounds as chiorinated rubber, poly-

vinyl chloride (a chlorine-containing



plastic) or perchlorate or chlorate ox-
Idizers (containing a chlorine atom
and four or three atoms of oxyvien, re
spectively). These compounds decom-
pose at high temperatures and release
free chlorine. The chlorine atoms com-
bine with barium or strontium, briefly
creating the desired light-producing
modecules.

A rich blue flame (s perhaps the ulti-
mate challenge to the pyrotechnician
The best blue emitter vet identified
copper chloride (CuClj—Is unstable at
the elevated temperatures needed to

SHAPES AND COLORS of firework bursts reflect the type of
shell and the composition of the stars. A ragged spray
of light is the signature of an American-European shell (fop
left), Round, Nower-<haped explosions result from the aptly

produce infense light in fireworks. If
the [lame temperature exceeds that
necessanry lor optimal molecular emis-
ston, the molecules disintegrate rapld
v, Distinctly blue Areworks therefore
demand especially precise control over
the relative proportions and particle
sire of the ssary chemicals. The
same holds true for purpl violet
colors, which are « ed by combined
emission {rom strontium chloride and
copper chloride formed in the flame,
| pay close attention to lame colors
when [ view a fireworks display: if a de-
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cent blue color appears, | am always
impressed and curious o know what
chemical mixture was used
Color-generating compounds com-
bined with the appropriate fucls and
oxidizers can produce special effects.
rs derive their color from
tion of strontium carbon-
s red light) and alu-
minum granules (which provide the
sparks). These ingredients are mived
with fuels, binders and an oxddizer 1o
create a thick shurry; wires are dipped
into the slurry and allowed to harden

the com

ate (W h_|1_

named chrysanthemum shell (top right. Multiple-burst shells
or valleys of single-burst shells can produce dramatic ef-
fects by incorporating a variety of pyrotechnic compositions
that emit different colors and sounds when ignited {( hollom ).
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INTEMNSITY

FIREWORKS GLOW by incandescent, atomic, and molecular
emission. The color depends on where the emission falls on
the visible spectrum (ropl. Atoms and molecules become
excited at the high temperatures in a pyvrotechnic flame and
release their excess energy as light. Atomic sodium is an in-
tense vellow-orange emiiler, Fragile compounds containing

o creale sparklers. Another strontium
compound, strontium nitrate, is blend
ed with potassium perchlorate ian oxi
dizer and chlorine source and various
fuels to create the cistinctive red plow
of roadside harzard Hares.

[he structure of a firework 1s also
an inftricate brew of craft and engineer
ing. There are two kinds of firework
“shells,” Cvlindrical Amerncan-Europae-
an-sihvle shells, nvpically seven to 30
centimeters in diameter, are launched
from metal, cardboard or plastic mor
tar tbes. A portion of black powder in
the bottom of the shell is ignited,
which propels the tube a few hundred
meters into the air. A time-delay fuse
begins burming when the shell is sel
off; some seconds later, when the shell
is far above the ground, a bursting
charge of black powder breaks the
shell open and ignites pellets of color
compasition (called stars), which are ir-
regularhy packed into the shell. The
stars are expelled ina random pattern
ol light and color. This tyvpe of firewaork
mayv alse contain several ounces of
flash-and-sound powder rather than
stars and a bursting charge, Such a
shell, called a salute, produces a tlash
of light and a loud boom instead of a
bBurst of colors

Reound chr santhe
mum shells are similar in dinmeter o
\merican-turopean shells. and they,
tocy, are launched eom mortar tubes., In
chrysanthemum shells the are
arranged in a sphere about a central
black-powcler bursting charge. When
the charge explodes, it ignites the nu
merous skars and distributes them in a
round, symmetric pattern. Depending
on the size and chemcal compositon

Japanese-sivie

s1ars
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of the stars, the result can vary from a
quick flash to an extended trail. The
trail may even chanpe color if the stars
contain more than one laver of color
priscliicing Compaoesition.

Some American-European shells con-
fain several compartments, cach with
its own bursting charge and stars (or
flash-and-sound powderl. When one
compartment explodes, i gnites a
time-delay fuse that leads to the next
compartment, In this way, a single shell
produce multiple bursts. Incredi-
bly. the protective barriers that sepa-
rale the explosive compartments are
fabricated from nothing more exotic
than cardboard.

Ledll

n addition to light, pyvrotechnics is
often exploited for its production
of heat. The best-known heat-pener-
ating pyrotechmc—the safeny match
contains an energetic blend of potassi-
um chlorate oxadizer and sulfur, along
with a gluclike fuel and nder.
Caluium silicide (uel mixed with iron
oxide generates a moderate amount of
heat but no gas. Dunng World War 1l
small pyrotechmie devices contaming
this composition and a fuse were built
into cans of rations so that they could
be warmed in the absence of a stove
Time-delay mixtures, usually pressed
columns containing boron, ungsten or
silicon fuel, produce a controlled dose
ol heat for a specific length of nme
that can then set off a larger reaction.
Such mixtures are used to control the
rin I|'|_|! SCCJUEnNCe 1IN Yariels al I'l.:l.'“f.'l-ill "
devices, including the exploding bolts
that rapidly  jetuson  emergency-exil
hatches and spent rocket stapes; simi-
lar twme delavs provent hand grenades

50DIuUmM
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copper, barium and strontium produce blue, green and red
colors, respectively {middle). These unstable molecules are
created only briefly in the hot flame. Aluminum or mag-
nesium particles appear as white-hot incandescent sparks
when ignited; iron or charcoal particles do not become so
hot and therefore radiate dimmer, gold-tinged light | bottorm.

from exploding as soon as the pin is
pulled and the lever released. Decoy
compositions have been developed to
protect aircraft from enemy heat-seek-
ing missiles. These compositions emit
infrared radiation that emulates the
thermal signature of a jet engine.

Heat production is often assocated
with the emission of smoke and gas.
Colored smoke grenades, used for sip-
naling and for davtime displays, con
tain a mixmwre of potassiom chlorate
mddizer and sugar fuel that, when acti-
vated, vaporizes arganic dves (o create
a richly hued smoke cloud. Sugar is
used because it burns at a low lemper-
ature; a hotter flame would disinte-
grate the dyes,

Solid-fuel rockets are in essence gi-
ant pyrolechnic devices designed to
optimire pas production. Each space
shuttle booster rocket contains half a
million kilograms of a propellant con-
sisting of energetic pulverized alo
minum fuel and ammonium perchlo-
rale oxtdizer; the mixture also includes
a special fuel and binder called polv-
butadiene-acrvlic acid-acrvlonitrile ter-
poelymer (PBAaNL When oxidized, PRAN
releases copious quantities of carbon
monoxide and carbon dioxide gas and
steam that help loft the shuttle into
space. Ammonium perchlorate is well
suited for rhis application because its
decomposition products are all gases,
and so il enhances the rockets’ thruse.

(ias generation on a smaller scale
creates the whistle effect heard in
some fireworks. Compositions contain-
ing potassium perchlorate oxadizer and
an organic acid salt (such as sodium
salicvlate—a chemical cousin of aspi-
rin} burn one laver at a tme and enuf



gas in spurts. When such compositions
are pressed into narrow tubes, the
rapid pulses of escaping gas create a
whistling sound.

The most appropriate application for
a particular pyrotechnic mixture s
largely determined by the reactivity of
its oaddizer and its fuel. The reactivity
of the fuel is dosely related to the
amount of energy (heat of combustion)
liberated when it combines with oxy-
gen. Metals release large amounts of
energy when oxidized; sugar releases
relathvely little, Charcoal and natural
materials such as red gum—a tree se-
cretion—produce the moderate heat
needed 1o activate the color-producing
compounds in a firework.

The reactivity of an oxidizer depends
on two main factorss decomposition
temperamure and heat of decomposi-
tion. At decomposition temperatire,
the onddizer begins to release oxvgen at
a significant rate. Heat of decomposi-
tion, as the term implies, is the amount
of heat required to decompose the oxi-
dizer in order 1o release the oxygen.
This amount can be positive (endother-
mic), in which case decomposition ah-
sorbs heat, or negatve (exothermich, in
which case it generates heat.

Potassium chlorate decomposes at a
low 360 degrees C and is exothermic; it
s used in smoke grenades and house-
hold matches because it is energetic
and easily activated. At the other ex-
treme, lron oxide decomposes at near-
by 1,500 degrees C and is strongly
endothermic. It can be activated only
by an energetic metallic fuel such as
aluminum.

ackaging and the homogeneity of
a pyrotechnic mixture also affect
its reaction rate. As every maker
of a pipe bomb knows, confinement
significantly speeds up the pyrotechnic
process by concentrating heat and hot
gas near the reaction site. A mixture
that burms at a controlled rate in the
open can explode violently if confined.
In general, the greater the homogeneity
of the fuel and oxidizer, the faster the
burning rate.
Once, while conducting a seminar,
I was asked why liquids are not wide-
ly used as pyrotechnics, since they
should mix more thoroughly and so
produce more reactive compositions
than solids. The answer, | realized, is
that Houids intermingle too well. Liquid
compositions would be extremely ho-
mogeneous and therefore highly reac-
tive and sensitive 1o igniton. Liquids
also could settle out during storage,
thereby upsetting the chemical balance.,
Early versions of dynamite, which con
sisted of porous materials (such as

sawdust) soaked in liguid nitroglhvoerin,
were extremely unstable precisely for
this reason

Reactivity |s greatest when the oxi-
dizer and fuel are blended at the atom-
ic level and the electron-accepting oxi
dizer is located immediately adjacent
to the atom or ion of fuel thar donates
the electrons when the pyvrotechnic re
action is initiated. Such energetic atom-
ic mixtures are, strictly speaking, ex
plosives not pyrotechnics, but the prin-
ciples underlying thelr behavior are
simtlar. Nitroglvoerin, [or instance, has
the molecular formula CoNsH.0s A
small disturbance (heat or impact, for
instance) causes it to decompose into
carbon dioxide (COy), warer (H:(), ni
trogen (N;) and a littde excess oxvgen
(05). In the process, nitrogen-oxygen
atomic bonds are replaced by far more
stable carbon-oxygen, hydrogen-oxy
gen and nitrogen-nitrogen bonds; the
result is a violent release of energy.

A less familiar, but increasingly m
portant, matenal of this Kind is sodium
-,1{|[||.', :hl' aCtve | r‘-'!'ni“ll.““' N AuloT-
tive airbags. This compound consists
of interpenetrating lattices of jons of
sodium and azide (a group ol three
chemically bound nitrogen atoms), An
encrgetic impact disrupts the lattice
structure. The sodium combines with
oxygen while the nitrogen atoms re
group into pairs (o form a large quanti
v of nitrogen gas.

FJ Vhe history of the pyrotechnics
l industry, both in the US and
abroad, has been filled with trag-
lc accidents that have occurred during
the manufacturing process, such as the
devastating explosion that destroyed
the Grucc plant in Long Island, N.Y., in
1983, Improving safety demands a de-
tailed understanding of the phenom
enon of ignition
Ignition begins when energy [rom

HOUSEHOLD MATCH is a specialized pyrotechnic device. A reaction between
potassium chlorate oxidizer in the match and red phosphorus in the striker pro-
duces a flame that ignites the mixiure of potassium chlorate and gluelike fuel
in the match head. All the pyrotechnic effects—heat, smoke, light, gas and
sound—are present, Some carly matches were lit by dipping a potassium chlo-
rate compasition in sulfuric acid. The combination of sulfur and potassium chlo
rale is so sensitive 1o ignition that mixtures of the two were outlawed in Eng-
land in 1875, Use ol polassium chlorate is also restricted in fireworks in the U5,
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some source—a flame, friction. impact,
spark, clevated temperature or even la-
seT beam-—breaks the chemical bonds
in a pyrotechnic mixture. As a result,
more stable bonds are formed and en-
ergy is released. If the energy is ade-
quate to activate the next layer of the
mixture, the reaction continues; if the
energy is absorbed by the surrounding
material or s insufficient to activane
the next layer, the reaction dies out.
Fred L. Mcintyre and his co-workers
at the John C. Stennis Space Center's
Hazard Test Range in Mississippl have
analvzed a series of pyrotechnic com-
positions to determine how sensinve
each is to igniton by various energy
spurces, These smudies demonstrated
that critical factors controlling sensiriv-
ity are the amount of heat generated by

the reaction and the ignition tlempera-
ture—the minimum temperatmre nec
essary to induce a rapid, sell-propagat-
ing reaction. lgnition sensitivity is also
affected by the particle size of the chem
iral components and by the grain size
of the blended composition; fine grains
ignite more readily than large ones.
Ease of ignition by friction depends on
the presence of abrasive materials in
the mixture. Adding a lubricani, such
as wax, can significantly reduce the
likelibood of friction-induced ignition.
Safery is also important for the users
of pyrotechnics—often children cele-
brating Independence Day, Bastille Day,
Guy Fawkes Day, New Year's or oth-
er holidayvs traditicnally accompanied
by fireworks. In 1976 the U.S. Consum-
er Product Safery Commission enacted

CELEERATIONS have made use of fireworks for centuries. A chromolithograph
of the opening in 1883 of the Brooklyn Bridge spanming the East River record-
ed a particularly imaginative display (top). The bridge’s cenlennial was greeted
by another darzling demonstration of pyrotechnic art (bottom). The 1983 dis-
play was arranged by the Gruccis, a major fireworks-producing family in the US.
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strict federal standards for consumer
fireworks. The European Commuanmity
nations have a wide range of salety
standards that they are antempting o
incorporate into a single code as part
of their legal and economic unification

here s no question—based on nu-

merous conversations [ have had

with researchers in many ficlds
that many science careers were siimu-
lated by early experiments in pymotech-
nics, The need 1o come up with a quick
explanation to parents concerning a
basement filled with smoke from a suc-
cessful experiment probably has also
sparked more than a few legal careers.

The family-business nature of the
civilian pyrotechnics industny and the
classified nature of much defense-re
lated work have made academic train-
ing in the fleld difficult to acquire. The
only academic pyrotechnics courses in
the U.S. that | am aware of are sever-
al annual, one-week seminars at Wash
ington College in Maryvland, taught by
several colleagues and me. Fortunate-
Iy, a number of organizations active-
Iv encourage treating protechnics as
a science and publish research in the
field, These groups include the Interna-
tional Pyrotechnics Society and the
more amateur-oriented Pyvrotechnics
Guild International. An occasional jouwr-
nal called Pyrotechnica also contains
articles on current work.

The most active supporter of the
civilian industry continues to be the
viewing public. Since 1976 the annual
consumption of fireworks in the U5, Iy
private indhviduals for family and
neighborhood celebrations has dou-
bled. The centuries-old tradition of fire
works displavs is stll fascinating, de-
spite competition from rock concerts,
music videos and other eve-dazzling
and car-filling forms of entertainment.
Evidently modern technology has yet
to find a match for the excitement one
feels when the work of a master pyv-
rotechnician explodes in the night sky
with a clap of thunder and a brilliant
shower of color.

_ —
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1985
FiIREwoRES: THE ART, SCIENCE AND
TECHNIOUE. Second Edition. Takeo Shi-
mizu. Pyrotechnica Publications, 1988,
Feworks: A HISTORY anND CELIBRA
TioN. George Plimpton. Doubleday &
Co., Inc., 1985,
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