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Introduction

About the Series

Welcome to How Products Are Made: An Illustrated Guide to Product Manufactur-
ing. This series provides information on the manufacture of a variety of items, from
everyday household products to heavy machinery to sophisticated electronic equip-
ment. You will find step-by-step descriptions of processes, simple explanations of
technical terms and concepts, and clear, easy-to-follow illustrations.

Each volume of How Products Are Made covers a broad range of manufacturing
areas: food, clothing, electronics, transportation, machinery, instruments, sporting
goods, and more. Some are intermediate goods sold to manufacturers of other prod-
ucts, while others are retail goods sold directly to consumers. You will find items
made from a variety of materials, including products such as precious metals and
minerals that are not “made” so much as they are extracted and refined.

Organization

Every volume in this series is comprised of many individual entries, each covering a
single product. Although each entry focuses on the product’s manufacturing process,
it also provides a wealth of other information: who invented the product or how it has
developed, how it works, what materials are used, how it is designed, quality control
procedures, byproducts generated during its manufacture, future applications, and
books and periodical articles containing more information.

To make it easier for you to find what you’re looking for, the entries are broken up
into standard sections. Among the sections you will find are the following:

« Background * Quality Control

« History « Byproducts/Waste

» Raw Materials + The Future

*» Design » Where To Learn More

» The Manufacturing Process

Every entry is accompanied by illustrations. Uncomplicated and easy to understand,
these illustrations may follow the step-by-step description of the manufacturing
process found in the text, highlight a certain aspect of the manufacturing process, or
illustrate how the product works.

A cumulative subject index of important terms, processes, materials, and people is
found at the end of the book. Bold faced volume and page numbers in the index refer
to main entries in the present or previous volumes.
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About this Volume

This volume contains essays on 100 products, arranged alphabetically, and 15 special
boxed sections, describing interesting historical developments or biographies of indi-
viduals related to a product. Photographs are also included. Bold faced terms found
in main entries direct the user to the topical essay of the same name.

Contributors/Advisor

The entries in this volume were written by a skilled team of technical writers and
engineers, often in cooperation with manufacturers and industry associations. The
advisor for this volume was David L. Wells, PhD, CMfgE, a long time member of the
Society of Manufacturing Engineers (SME) and Professor and Chair of the Industrial
and Manufacturing Engineering Department at North Dakota State University.

Suggestions

Your questions, comments, and suggestions for future products are welcome. Please
send all such correspondence to:

The Editor
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Background

Air purifiers evolved in response to people’s
reactions to allergens like pollen, animal dan-
der, dust, and mold spores. Reactions (sneez-
ing, runny nose, scratchy eyes, and even
more severe consequences such as asthma at-
tacks) are the result of antigens found in the
home. These antigens are major triggers of
asthma, and there are more than 17 million
asthmatics in the United States alone. Air pu-
rifiers remove a portion of these particles,
thus reducing allergic-type responses.

Due to their extremely small size, allergens
are able to pass through a standard vacuum
cleaner bag and redistribute into the air
where they stay for days. Even a single mi-
crogram of cat allergens is enough to invoke
an allergic response in most of the six to 10
million Americans who are allergic to cats.
Other airborne particles—such as bacteria
and viruses—can cause illnesses, some of
which are fatal. There are many reasons—
allergies, asthma, fatal illnesses—that mil-
lions of air purifiers are sold in the United
States every year.

There are two common types of air puri-
fiers that can remove some or all of the dis-
ease and allergy-causing particles in the
air: mechanical filters—the most effective
are classified as High Efficiency Particu-
late Air filters (HEPA filters)}—and elec-
trostatic precipitators.

HEPA filters are made out of very fine glass
threads with a diameter of less than 1 mi-
cron (a micron is 0.00004 in, 0.001 mm). By
comparison, a human hair has a diameter of
about 75 microns (0.003 in, 0.07 mm). The
fine glass threads are tangled together and
compressed to form a filter mat. Because the

Air Purifier

individual threads are so microscopic, most
of the mat consists of air. The openings in
the mat are very small, generally less than
0.5 micron (0.00002 in, 0.0005 mm). HEPA
filters will collect particles down to 0.3 mi-
crons (0.00001 in, 0.0003 mm) in diameter.
Even though the filter may only be 0.10 in
(2.5 mm) wide, it would consist of 2,500
layers of glass threads.

Electrostatic precipitators rely on electrosta-
tic forces to remove particles from the air.
They work by creating a cloud of free elec-
trons through which dust particles are forced
to pass. As the dust particles pass through
the plasma, they become charged, making
them easy to collect. Electrostatic precipita-
tors can collect particles down to a diameter
of 0.01 microns (0.00001 mm).

Neither HEPA filters nor electrostatic pre-
cipitators can remove volatile organic com-
pounds from the air, therefore do nothing to
reduce odors. For this reason, most air puri-
fiers are equipped with a pre- or post-filter
composed of activated carbon. Activated
carbon is produced by heating a carbon
source (coconut shells, old tires, bones, etc.)
at very high temperatures in the absence of
oxygen, a process also known as pyrolysis
or destructive distillation. Pyrolysis sepa-
rates the pure carbon from the other materi-
als contained in the raw material. The pure
carbon is then exposed to steam at 1,500°F
(800°C). The high temperature steam acti-
vates the carbon. The activation process
forms millions of cracks in the carbon
grains. These cracks have diameters of
about 0.002 microns (0.000002 mm). Be-
cause there are so many cracks, the activa-
tion process provides the carbon with an
enormous surface area per weight—about

The current generation of
HEPA filters can only
remove particles down to
0.3 microns {0.00001 in,
0.0003 mm} in diameter,
while it is believed that
particles down to 0.1
microns {0.0001 mm] in
diameter can cause
mechanical damage to

lung tissue.
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6.5 acresfoz (1,000 m%*/g). The millions of
cracks provide locations where organic
compounds can be adsorbed. In addition, the
surface of the carbon carries a residual elec-
trical charge that attracts non-polar chemi-
cals (chemicals that do not have separated
positive and negative charges) to it. Activat-
ed carbon is very effective at adsorbing odor
producing compounds.

History

Air purity has been a concern as long as
human beings have lived in groups. One of
the reasons that hunter-gatherers are no-
madic is that they periodically need to move
away from their garbage dumps and latrines.
In A.D. 61, the Roman philosopher Seneca
complained about the miasma of chimney
smoke that constantly hung over Rome. In
1306, King Edward I of England banned the
burning of coal in London due to the heavy
pollutants left in the air.

The Industrial Revolution of the eighteenth
and nineteenth century only worsened the
problem. Burning coal to produce electricity
and fuel trains produced a dark cloud of
smoke over every major center of industry
in the world and covered entire cities with
soot. To deal with this problem, engineers
built higher smoke stacks to move airborne
waste further away from the source. Regard-
less of how high the stacks got, the people
down wind complained about the ashes and
the acid gases from coal combustion (the
source of acid rain) destroying their crops.
Air pollution took another turn for the worse
after World War II when automobiles be-
came the primary means of transportation in
the industrialized world. Automobile smog
has provided Los Angeles with the worst air
quality in the world.

Raw Materials

The materials that go into both HEPA filters
and electrostatic precipitators are: a case
made out of plastic, an electric fan to induce
air flow through the filter, the filter itself,
and control switches to control the speed of
the fan and turn the air purifier on and off.
The HEPA filters are made of borosilicate
glass fibers or plastic fibers (e.g., polypropy-
lene) bound together with up to 5% acrylic
binder (the same compound that binds latex

paint to a house). Electrostatic precipitators
generate ions by running extremely high
positive direct current voltages through steel
wires set between grounded steel charging
plates. Cases are almost universally made
from plastic, usually high-impact poly-
styrene, polyvinyl chloride, high-density
polyethylene, or polypropylene. Most air pu-
rifiers are also usually equipped with a post-
filter composed of activated carbon.

Design

HEPA filters are designed based on the size
of particles to be removed and the required
air flow rate. The finer the pores in the
HEPA material, the finer the particles re-
moved from the air. However, collecting
finer particles means the filter material will
clog sooner and need replacing on a more
frequent basis. The designer will specify the
diameter of the glass fibers and the mat den-
sity of the filter fabric that fixes the filter
pore size. HEPA filters can contain binders
that provide additional strength, but this also
produces a filter that clogs sooner.

Design of an electrostatic precipitator is
considerably more complex. Home electro-
static precipitators usually are designed to
have two components, an ionizing compo-
nent (where the electron cloud is created)
and a collecting component (where the
charged dust particles are pulled out of the
air). The collecting component consists of a
series of parallel steel plates—half are
grounded and half carry a positive direct
current voltage—thus alternate plates are ei-
ther positively or negatively charged. The
ionizing unit consists of thin wires strung
between a separate set of grounded steel
ionizing plates parallel to, but set in front of,
the collector plates. The thin wires carry a
very high positive voltage direct current (up
to 25,000 volts in a home air purifier). The
positive charges in the wires induce a flow
of electrons between the wires and the adja-
cent ionizing plates. Because there is a very
high voltage on the wire, electrons are
pushed toward it by an acceleration of
around 1,000 times the acceleration of grav-
ity, which accelerates the electrons to very
high velocities. For example, as a particle of
dust mite excrement floats past the wire, the
high-speed electrons collide with the elec-
trons in the molecules of the particle, knock-



ing some of them free. As these molecules
lose electrons, they take on a positive charge
and are thus attracted to the negatively-
charged collector plate. The designer must
select a voltage high enough to produce suf-
ficient numbers of electrons to ionize the
particles passing through the precipitator,
and space the collector plates close enough
together so that the ionized dust particles
will be captured on the plates before the pre-
cipitator fan can pull them completely
through the air purifier.

The Manufacturing
Process

The case

Pellets of the raw material (high-impact

polystyrene, polyvinyl chloride, high-
density polyethylene, or polypropylene) are
fed into a hopper and heated to the melting
point, 300-590°F (150-310°C).

The molten plastic is injected under high

pressure into a mold of the case. The
mold is usually made from tool steel by a
highly skilled mold maker. Vents in the
mold allow the entrained air to escape as the
plastic enters. The mold designer must as-
sure that the mold fills evenly with plastic
and that all of the entrained air is allowed to
escape, otherwise the final part might con-
tain small air bubbles or even voids.

Water is forced through channels built

into the mold to transfer heat from the
molten plastic into the environment. Once
the part is sufficiently cool, which can take
up to two minutes, the mold opens. Hy-
draulically-operated pins push the part out
of the open mold into a receiving bin.

The fan

An electric fan is used to pull air through

the air purifier. The fan is usually pur-
chased from a smali-parts supplier. The fan
consists of a small electric motor with metal
fan blades attached to the motor’s power
take-off. The fan blades are usually spot
welded to a collar, which is slipped onto the
power take-off and bolted in place.

The fan is usually attached to the case
with steel screws.

HEPA filters

The glass fibers that make up a HEPA fil-

ter are created by passing molten glass or
plastic through very fine pores in a spinning
nozzle. The resulting glass fibers cool and
harden almost instantly because of their tiny
diameters.

The spinning nozzle moves back and
forth (causing the glass fibers to form a
web) above a moving conveyor belt onto
which the fibers are collected. The speed of

Air Purifier

An example of an electrostatic
precipitator and its components.
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the conveyor belt determines the thickness of
the filter material—a slow conveyor belt al-
lows more glass fibers to build up on the belt.

The melting and cooling of the fiber pro-

duces some bonding of the fibers. As the
conveyor progresses, a latex binder is
sprayed onto the fabric to provide additional
strength. The fabric can be any width up to
the practical size of the machinery and can
be cut down to the size specified by the cus-
tomer before the fabric is taken up on rollers.

Once the HEPA mats are formed, they

are folded into an accordion pattern in an
automatic folder. The accordion pattern al-
lows up to 50 ft* (5 m?) of filter material to
be enclosed in a small space.

The accordion-shaped filter is then en-

closed in a filter case, usually consisting
of an open wire grid. The purpose of the fil-
ter case is to support the filter.

Electrostatic precipitators

The electrostatic precipitator collection

system is manufactured by enclosing
steel plates into a plastic casing, often by
hand assembly. The plates are arranged par-
allel to each other in the case.

2Wires are then connected to alternate
plates through which the high voltage
positive direct current will be applied to the
plates. The other plates are grounded.

The ionizing unit is constructed by run-
ning small diameter wires in front of the
collector plates.

A voltage transformer, which is used to

convert 115 volt household alternating
current into high voltage direct current, is
fixed to the precipitator case. This voltage is
run to both the positively charged collector
plates and the ionizing wires.

The activated carbon filter

The activated carbon filter (for odor re-

duction) usually consists of carbon-im-
pregnated cloth or foam. This is manufac-
tured by infusing the raw material with
powdered activated carbon.

The carbon filter is then wrapped around
the inside or outside of the HEPA filter,

or stretched in a frame at either the inlet or
outlet of the electrostatic precipitator.

Assembly

There are very few components in an air

purifier. For this reason, they are usually
bench assembled. In bench assembly, mov-
ing conveyors bring the individual compo-
nents or sub-assemblies (e.g., the fan al-
ready attached to the case) to a bench where
a person then hand assembles them. In a
typical HEPA air purifier, there may only be
five components that require assembly: cas-
ing, fan, particulate filter, carbon filter, and
the on/off switch.

Quality Control

Filter efficiency is the most important quali-
ty control test for air purifiers. The American
Society for Testing and Materials (ASTM)
publishes quality control tests that filters
must meet before they can be used in certain
applications or be marketed as HEPA filters
(e.g., ASTM-F50: Standard Practices for
Continuous Sizing and Counting of Airborne
Particles in Dust Controlled Areas and
Cleanrooms Using Instruments Capable of
Detecting Single Submicrometer and Larger
Particles). The United States Department of
Defense has promulgated a standard in
which dioctylphthalate (DOP) particles are
blown through a filter. To pass, the filter
must remove 99.97% of the influent DOP.

Byproducts/Waste

The byproducts of manufacturing include
the non-carbon materials that are distilled
from the manufacture of activated carbon,
specification filter material, and excess ma-
terial that must be discarded in the produc-
tion of HEPA filters. Most of the other man-
ufacturing wastes, plastic runners from the
injection machines and excess sheet metal,
can be recycled.

Additional wastes are produced during the
operation of air filters. The ions produced
by electrostatic precipitators interact with
oxygen in the air to produce ozone. At high
concentrations, ozone is poisonous. The
ozone levels produced in a home electrostat-
ic precipitator are unlikely to reach danger-
ous levels, but some people are sensitive to
even low levels of ozone. The collector



plates in an electrostatic precipitator need to
be cleaned periodically.

HEPA filters have limited lifetimes, depend-
ing on the amount of air that is filtered
through them and the amount of particulates
in the air. Most manufacturers recommend
that they be replaced every few years. The
used filters cannot be recycled and thus end
up in landfills.

Activated carbon can be recycled, but the
cost of handling the small amount of carbon
contained in a home air purifier would be
prohibitive. Generally, it also ends up in
landfills after it is used completely.

The Future

As scientists learn more about environmen-
tal pollutants and their impact on human
health, the need to provide cleaner air in
homes and offices will only grow. The cur-
rent generation of HEPA filters can only re-
move particles down to 0.3 microns
(0.00001 in, 0.0003 mm) in diameter while
it is believed that particles down to 0.1 mi-
crons (0.0001 mm) in diameter can cause
mechanical damage to lung tissue. Viruses
can be as small as 0.02 microns (0.00002
mm) in diameter. Clearly, there is still
progress that can be made in controlling in-
door air pollution. The current direction of
technology is toward ever finer filter materi-
als. The new standard in filtration is the
ULPA filter, which stands for Ultra Low
Penetrating Air. An ULPA filter is required
to be able to remove particles down to 0.12
microns (0.00012 mm) in diameter, about

one third of the diameter of the smallest par-
ticle a HEPA filter can remove.

Where to Learn More
Books

Cooper, David C., and F. C. Alley. Air Pollu-
tion Control: A Design Approach. Prospect
Heights, IL: Waveland Press, Inc., 1994.

Godish, Thad. Indoor Environmental Qual-
ity. New York: Lewis Publishers, 1999.

Mycock, John C., et al. Handbook of Air
Pollution Control Engineering and Tech-
nology. New York: Lewis Publishers, 1995.

Periodicals

Christiansen, S. C., et al. “Exposure and
Sensitization to Environmental Allergen of
Predominantly Hispanic Children with
Asthma in San Diego’s Inner City.” Journal
of Allergy and Clinical Immunology (Au-
gust 1996): 288-294.

Other

“Electrostatic Precipitation.” Tin Works, Inc.
3 June 2001. <http://www.tinworks.com>.

“Filter Media.” Mac Equipment. 3 June
2001. <http://www.macequipment.com>.

“Plastic: Injection Molding.” Industrial De-
signers Society of America. 17 June 2001.
<http://www.idsa-mp.org/proc/plastic/
injection/injection_process.htm>.

Jeff Raines
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For thousands of years,
amber has been carved
and worked into beads,
jewelry, and other types

of ornamentation.

Amber

Background

Although considered a gem, amber is a
wholly-organic material derived from the
resin of extinct species of trees. In the dense
forests of the Middie Cretaceous and Ter-
tiary periods, between 10 and 100 million
years ago, these resin-bearing trees fell and
were carried by rivers to coastal regions.
There, the trees and their resins became cov-
ered with sediment, and over millions of
years the resin hardened into amber. Al-
though many amber deposits remain in
ocean residue, geological events often repo-
sitioned the amber elsewhere.

For thousands of years, amber has been
carved and worked into beads, jewelry, and
other types of omamentation. However,
today amber is valued primarily for the as-
tounding array of fossils preserved inside.
As sticky resin was exuded by the trees, ani-
mals, minerals, and plant materials were
trapped in it. As the resin hardened, these
fossils—called inclusions—were perfectly
preserved, providing modern scientists with
invaluable information about extinct species.

Unlike other types of fossils, amber fossils
are three-dimensional, with life-like colors
and patterns. Even the internal structures of
cells may be intact. Often, insects were
caught by the resin in active poses, along
with their predators, prey, and internal and
external parasites. Previously-unknown gen-
era of fossilized insects have been discov-
ered in amber. Intact frogs and lizards,
snake skins, bird feathers, hair and bones of
mammals, and various plant materials have
been preserved in amber. In some cases, de-
oxyribonucleic acid (DNA) can be extracted
from the fossilized organisms and compared
with that of its modern-day counterparts.

History

Amber has been a highly-valued material
since earliest times. Worked amber dating
back to 11,000 B.c. has been found at archeo-
logical sites in England. Amber was widely
believed to have magical healing powers. It
was used to make varnish as long ago as 250
B.C., and powdered amber was valued as in-
cense. Amber was also traded throughout the
world. By identifying the type of amber used
in ancient artifacts, scholars can determine
the geographical source of the amber and
draw conclusions about early trade routes.

In about 600 B.C., the Greek philosopher
Thales rubbed amber with silk, causing it to
attract dust and feathers. This static electric-
ity was believed to be a unique property of
amber until the sixteenth century, when
English scientist William Gilbert demon-
strated that it was characteristic of numerous
materials. He called it electrification, after
elektron, the Greek word for amber.

In the Western Hemisphere, the Aztecs and
Mayans carved amber and burned it as in-
cense. The Taino Indians of the island of
Hispaniola offered gifts of amber to Christo-
pher Columbus.

The decorative use of amber culminated in
1712 with the completion of an entire ban-
quet room made of amber panels construct-
ed for King Frederick I of Prussia. In the
nineteenth century amber attained new sig-
nificance when German scientists began
studying the fossils imbedded in it.

Raw Materials

Resins are complex substances that include
oily compounds called terpenes. Over time,



some terpenes evaporate while others con-
dense and become cross-linked to each
other, forming hard polymers. However, dif-
ferent species of trees produce different
types and amounts of resins. The exact
structure and composition of amber depends
on the makeup of the original tree resin, the
age of the amber, the environment in which
it was deposited, and the thermal conditions
and geological forces to which it was ex-
posed. Thus, even amber obtained from sim-
ilar locations may vary in chemical structure
and physical characteristics.

Types of amber

Although deposits of amber occur through-
out the world, amber from the coast of the
Baitic Sea is the best-known. It is called
succinite amber because it contains a sub-
stantial amount of succinic acid. Most Baltic
amber came from pine tree resin. Amber
that lacks succinic acid is classified as reti-
nite amber.

Amber from Mexico and the Dominican Re-
public began forming 20-30 million years
ago from the resins of extinct species of Hy-
menaea or algarrobo trees. These flowering
trees thrived in the canopy of extensive trop-
ical rain forests. They produced copious
amounts of resin that eventually hardened
into amber. Torrential rains washed the
amber to deltas where it was covered with
silt. As sea levels changed, the amber settled
on the sea floor and the sediment over it
hardened into rock. Later, mountain forma-
tion pushed up the rocks.

Design
Physical characteristics

Many components of amber are similar to
those of modern resins. However the cross-
linking of these compounds makes the amber
hard, with a high melting point and low solu-
bility. Amber has a hardness of 2-3 on
Mohs’s scale, the standard for minerals and
gems. On this scale, talc is 1 and diamond is
10. Amber softens at 302°F (150°C) and
melts at 482-662°F (250-350°C). With a
specific .gravity of 1.05-1.12, amber is only
slightly more dense than water. It will not
completely dissolve in organic solvents.

Amber usually occurs as small irregular
masses, nodules, or droplets. Although it

can be many different colors, it is most often
pale to golden yellow or orange and can be
fluorescent. After a few years of exposure to
light and air, amber often turns dark red and
develops numerous cracks on the surface.
Some amber is translucent or even transpar-
ent. However, trapped air bubbles can cause
amber to be cloudy or opaque. Amber is a
poor conductor of heat and large changes in
temperature can cause it to fracture.

The Manufacturing
Process

Amber is extracted in different ways, de-
pending on its location. Baltic amber wash-
es up along the shores of the Baltic Sea and
as far away as Denmark, Norway, and Eng-
land. The largest deposits of North Ameri-
can amber are found on the surface of open-
pit clay mines in Arkansas. In New Jersey,
Cretaceous amber is dug from the sand and
clay of abandoned pit mines. It is screened,
washed, and examined for inclusions. In
Asta, amber is found in coal mines. Until the
mid-twentieth century, highly-prized amber
was mined from deep pits in northern
Burma (now Myanmar).

Mining and washing

Drops or blocks of Baltic amber are

mined from open pits of 40-60 million-
year-old glauconite sand. Glauconite is a
hydrated potassium-iron silicate mineral and
these deposits are called “blue earth” be-
cause of their blue-green color. After the
surface has been cleared, the blue earth is
dug out with steam shovels and dredges. It
is poured through grates at a washing plant,
where streams of water are used to separate
the amber from the sand. In the early twenti-
eth century, up to one million 1b (450,000
kg) of amber per year were extracted from
the blue earth layer of the Samland Peninsu-
la in the eastern Baltic.

Mexican and Dominican amber may be ex-
posed by landslides on steep mountain
slopes and extracted with picks and shovels.
It also is mined from pits dug deep into the
ground. Much Dominican amber is mined
from narrow tunnels carved as far as 600 ft
(183 m) into the sides of mountains. Water
is baled or pumped out of the tunnels and
the miners crawl through, chisel at the rock,
and pick out the exposed amber. Dominican

Amber
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Baltic amber is mined and clari-
fied to obtain a clear view of the
inclusion.

amber is washed by the miner, sorted by
size, and examined for inclusions.

Clarifying and coloring

Large trapped air bubbles result in a

foamy or frothy type of amber. Micro-
scopic bubbles result in bony or osseous
amber that looks like dried bone. Very
cloudy amber is called bastard. Amber is
clarified by heating in rapeseed oil. The oil
penetrates bubbles near the surface and re-
duces the cloudiness, making even bony or
bastard amber more transparent. Amber also
may be clarified by heating under pressure
with nitrogen and then baking in an oven.
Clarification darkens the amber and pro-
duces disc-like stress marks, called “sun
spangles.” Amber may be stained green or
reddish. Mexican and Dominican amber is
usually clear and transparent and does not
need clarifying.

Cutting and reshaping

For jewelry or carving, amber usually is
worked by hand, with a jeweler’s saw and
fine-toothed files. It is wet-sanded with 320-
grit cloth and finished with a 400- or 600-grit
wet-sanding cloth. It can be drilled with dry

steel drills, using a low speed and slight pres-
sure, to prevent heating and cracking.

To obtain a clear view of inclusions, one

end of an amber piece may be chipped
off. Amber with inclusions may be cut or
reshaped for examination of the biological
specimen or to separate two specimens.
Cutting is done with a jeweler’s hand saw
or, for larger pieces, with a high-speed trim
saw with a diamond blade, at speeds up to
4,200 rpm.

Reshaping is done with various grades of

sandpaper. Rough edges from the saw
blade may be smoothed with 200- and 400-
grit paper, by hand or with a belt sander
equipped with a water cooling system, to re-
move dust and prevent overheating and frac-
turing or glazing.

Polishing

Amber for jewelry is polished with tin

oxide or cerium oxide, using a leather
buff, felt wheel or pad, or chamois board.
Periodic polishing with a silicone-based
wax restores shine and decreases evapora-
tion and surface oxidation.

Dominican amber is polished with a sander,
following the natural contours. Surface oxi-



dation of Dominican amber diminishes the
fluorescence and the blue, green, or purple
color. Removing the outer layer and repol-
ishing restores the fluorescence. Repolishing
may be done by hand or with a cotton buff-
ing wheel, using dental polishing compound,
an abrasive for plastics, or other fine neutral-
colored polishing compounds. A final hand
polishing removes the polishing compound.

Cretaceous amber more than 65 million
years old is very brittle and fractured. After
several years of exposure, it is prone to dis-
integration. Encasing Cretaceous amber in a
synthetic resin helps to preserve it.

Pressing

For producing gems, small clear pieces
of amber are softened and fused in a vac-
uum with steam at 400°F (204°C) or above.

The pieces are pressed through a fine

steel sieve or mesh, mixed, and hardened
into blocks. This pressed amber is called
ambroid or amberoid and may contain bub-
bles that have elongated under the heat and
pressure. Sometimes modern insect inclu-
sions are inserted into pressed amber and the
ambroid may be dyed, usually dark red.

Other processing

Small pieces of poor quality amber, in-

cluding about 90% of Baltic amber, are
distilled in huge, dry iron retorts. About
60% is recovered as amber colophony, a
high-grade varnish. Another 15-20% be-
comes amber oil, used in medicines, casting,
and the highest grade of varnish. About 2%
of the products are distilled acids, such as
succinic acid, that are used for medicines
and varnishes.

Quality Control

Harder and, presumably, older amber is usu-
ally considered to be of higher quality.
Since mining costs are 28% higher than the
value of raw amber, its value is based pri-
marily on its inclusions or on its eventual
processing into jewelry and art objects.
Therefore, amber is graded according to its
size and beauty, as well as the presence and
type of inclusions.

Imitation amber with fake inclusions has
been produced for at least 600 years. Fresh

resins, synthetic polystyrenes, Bakelite,
epoxy resins, celluloid, colored glass, plas-
tics, and polyesters all have been used for im-
itation amber. However, true amber can be
distinguished by its hardness, melting tem-
perature, lack of solubility, fluorescence, spe-
cific gravity, refractive index (measure of the
degree that it bends light), and odor on burn-
ing. Sometimes true amber is fractured, a
cavity is carved in it for an inclusion embed-
ded in fresh resin, and the piece is resealed.

Byproducts/Waste

About 90% of the world’s extractable amber
is located in the Kaliningrad region of Russia
on the Baltic Sea. There, amber mining and
processing has caused widespread environ-
mental degradation. More than 100 million
tons of waste has been discharged into the
Baltic from the Palmnicken (Yantarny) mine
over the past century. This insoluble waste
causes high turbidity in the Baltic Sea. The
waters of the pollution-sensitive Baltic take
25-30 years to renew themselves.

The Future

The easily-extracted, top layers of Baltic
amber were exhausted by the mid-1800s.
However it is estimated that over 180,000
tons of amber remain in the Yantamy mine
in Kaliningrad. At the current rate of extrac-
tion, amber could be mined there for another
300 years. In addition, mining has resumed
in Myanmar and the high-quality Burmese
amber is being sold to museums.

Although the process of amber formation
from tree resin continues, it takes millions
of years for the resin to harden into amber.
As amber deposits are depleted by mining,
and resin-bearing trees are cut or burned
rather than allowed to fossilize, the supply
of raw amber will continue to dwindle.

Where to Learn More
Books

Anderson, K. B., and J. C. Crelling, eds.
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ington, DC: American Chemical Society,
1995.
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Amber Forest: A Reconstruction of a Van-
ished World. Princeton: Princeton Universi-
ty Press, 1999.

Other

“Amber Trade and the Environment in the
Kaliningrad Oblast.” TED Case Studies. 27
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Aneroid Barometer

Background

Earth’s atmosphere weighs about 6.5 X 10!
(5.98 x 10*). Spread out across Earth’s en-
tire surface area, it exerts an air (barometric)
pressure of about 14.7 pounds per square
inch (psi) (101 kilopascals [kPa]) at sea
level. While that is the average, the actual
barometric pressure varies greatly from
place to place and from one moment to the
next. The barometric pressure at the summit
of Mount Everest, is one third of the baro-
metric pressure at sea level. The greatest
barometric pressure extremes ever recorded
at sea level were 15.7 psi (108 kPa) during a
very cold winter in Siberia and 13.5 psi (87
kPa) recorded in the eye of a Pacific Ocean
typhoon. Barometric pressure differences
are important because they are the basic cre-
ators of weather.

The sun is the major factor in causing pres-
sure variations in the atmosphere. Hot equa-
torial air rises and flows north. As it moves
Coriolis forces in the northern hemisphere
bend it to the west in the tropics and to the
east in the temperate zones, setting up cells
of clockwise and counterclockwise atmos-
pheric flow. The changing atmospheric
pressures that come with these flows can be
used to predict the weather. In fact, prior to
the advent of the radio, the only tool sailors
had to predict the weather was the barome-
ter, which told them which way the air pres-
sure was changing. A rising barometric
pressure was a sign of improving weather. A
falling barometer was a sign to batten down
the hatches and hope for the best.

History

Many people do not realize that atmospheric
pressure exists since it cannot be felt. Its ex-

istence was discovered by the Italian scien-
tist Evangelista Torricelli. Torricelli made
his discovery during an attempt to help silver
miners, who were having trouble keeping
their mines dry. The only pump available to
the miners were suction pumps, which could
only raise water 32 ft (9.8 m). Torricelli de-
duced the reason the pump could not raise
water more than that was because the weight
of the atmosphere was only heavy enough to
support a column of water 32 ft (9.8 m) high.
Torricelli’s insight was that if a see-saw
were arranged such that half of it was under
a vacuum and half of it was under atmos-
pheric pressure, 32 ft (9.8 m) of water would
have to be placed on the vacuum side of the
see-saw to balance the atmospheric pressure
acting on the other side. The miners’ pumps
were like a see-saw trying to balance more
than 32 ft (9.8 m) of water.

To test his theory, Torricelli took a glass
tube about 4 ft (1.2 m) long, sealed it at one
end, and filled it with mercury. Holding his
thumb over the open end, he upended the
tube into a bowl of mercury. His theory was
that, since mercury is 13.5 times more dense
than water, barometric pressure would only
be high enough to support a column of mer-
cury 2.4 ft (0.73 m) high (the maximum
height the suction pumps could pull water
divided by 13.5). In actuality, the atmos-
phere supported a column of mercury 2.5 ft
(0.76 m) high. The extra distance was be-
cause the vacuum at the top of the glass tube
was almost perfect—Torricelli was also the
first person to create a vacuum—and the
seals in the miners’ pumps were not. It is not
clear who noticed that barometers could be
used to forecast the weather, though it is
possible it was Ferdinand dei Medici, Grand
Duke of Tuscany.

Many people do not
realize that atmospheric
pressure exists since it
cannot be felt. Its
existence was discovered
by the ltalian scientist

Evangelista Torricelli.
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While mercury barometers, even to this day,
are the most accurate barometers, they are
not without drawbacks. Trying to read a
mercury barometer on board a ship caught
in a hurricane is not easy. The idea for a
mercury-free barometer (an aneroid barom-
eter) first occurred to Gottfried Leibniz (co-
inventor of calculus) around 1700. Metallur-
gy was not sufficiently advanced in 1700 to
realize Leibniz’s idea. The French inventor
Lucien Vidie developed the first practical
aneroid barometer in 1843. Aneroid barom-
eters are the most common barometers in
use today. They are the circular, brass,
clock-like instruments with a sweep indica-
tor pointing to the current barometric pres-
sure. They are commonly seen in weather
stations and on board boats. Aneroid barom-
eters function by measuring the expansion
and contraction of a hollow metal capsule.

Raw Materials

The only components of a mercury barome-
ter are glass and mercury. Aneroid barome-
ters, on the other hand, are very complex
machines similar to fine watches. The
aneroid capsule, which is the device that
moves with changes in air pressure, is made
from an alloy of beryllium and copper. The
movements are made from stainless steel
(e.g., AISI 304L) with jeweled bearings
(synthetic rubies or sapphires). Jewels are
used in the bearings because they have very
low frictional resistance. Barometer cases
can be made out of anything, but are usually
made out of brass (a mixture of copper and
zinc). There are many types of brass. One of
the most common is “clockbrass,” a mixture
of 65% copper and 35% lead. Barometer
dials can be made out of anything: alu-
minum, steel, brass, or paper.

Product design for an aneroid barometer in-
volves a careful analysis of the contracting
and expanding properties of the aneroid cap-
sule, design of the temperature compensa-
tion system, and mechanical design of the
linkage between the aneroid capsule and the
sweep indicator.

The aneroid capsule is very thin, hollow,
and usually shaped like a bellows. Most of
the air is removed from the capsule so that
the contraction and expansion of the capsule

is strictly a function of the elasticity of the
capsule and any of its supporting springs.
Leaving air in the capsule would induce
non-linearity into the capsule response. As
the capsule contracted, if there were any air
left, the air pressure in the capsule would
rise, which would make further compression
of the capsule harder. The barometer de-
signer calculates how much the aneroid cap-
sule will expand or contract under the ex-
pected range of pressures the barometer will
be subjected to. Based on these movements,
the designer specifies the linkages that will
translate the movement of the capsule into
the movement of a sweep indicator on the
barometer face.

The aneroid barometer is sensitive to tem-
perature variations both because the capsule
and its linkages will expand or contract as
the temperature changes and also because
the capsule’s elastic properties (how much
the capsule will deflect under changes in
outside pressure) also change with tempera-
ture. There are several ways to compensate
for temperature-induced movements of the
barometer components. One of the more el-
egant solutions involves the use of a
bimetallic strip. A bimetallic strip consists
of two flat pieces of metal, made of different
types of elements or alloys, welded back to
back. Because the temperature changes in
the bimetallic strip and capsule are pre-
dictable, the bimetallic strip can be used to
compensate for the capsule movements. As
temperatures change, the two components of
the bimetallic strip try to expand by differ-
ent amounts. This causes the bimetallic strip
to bend toward the component with the
smaller coefficient of expansion. This bend-
ing motion can be used to shift the indicator
hand or compress the aneroid capsule to
compensate for the temperature change.

The linkage between the aneroid capsule
and the sweep indicator is almost as com-
plex as the movement of a fine Swiss watch.
In fact, a quality barometer linkage incorpo-
rates many of the same components. The
linkage’s purpose is to translate the tiny hor-
izontal motion of an expanding bellows (a
few thousands of an inch or centimeter) into
the sweep motion of an indicator arm. The
required magnification of the capsule move-
ment can be accomplished using levers. A
see-saw is a form of lever. The very end of
the see-saw moves through a much greater



arc than a point near the pivot. By arranging
for the aneroid capsule to push or pull on a
point near the pivot of a see-saw-like lever,
the movement of the capsule is greatly mag-
nified at the far end of the lever. Any non-
linearity of the capsule movement can be
compensated for using a fusee, pronounced
FU-say. A fusee, which was invented by
Leonardo da Vinci, is a spiral-cut pulley
shaped like a cone. At the zero point of the
barometer, the end of the see-saw lever is
connected to the middle of the fusee by a
chain. As the aneroid capsule compresses,
the fusee rotates, shifting the chain down to
a smaller diameter. What this accomplishes
is that as the aneroid capsule hardens under
compression, a smaller movement of the
chain can produce the same movement of
the sweep indicator.

The Manufacturing
Process

The case

A fine barometer case can be cast out of

brass, bronze, or steel or carved out of
wood. Less expensive cases can be stamped
out of steel or aluminum and then plated
with a decorative finish. A casting is made
by pouring molten metal into a mold and al-
lowing the metal to harden.

After the metal has hardened, the mold is

shaken off the case. Stamping involves
pressing a flat piece of metal between two
dies at high pressures.

The case is finished by removing any ex-

cess metal left over from the casting
process, grinding down any rough edges, and
then polishing the case to a bright finish.

Some cases are then varnished or coated
with a clear plastic to prevent tarnishing.

The aneroid capsule

Thin sheets of copper/beryllium metal

(around 0.002 in [0.05 mm] thick) are
stamped into the two halves of the aneroid
capsule. The stamping dies are designed to
leave a knife edge mating surface where the
two halves will be joined.

The individual aneroid components are
electron-beam welded. Electron beam
welding requires that a concentrated stream

Rocking bar  pojinter

spring

of electrons be generated and focused on the
joint to be welded. As the electrons collide
with the part, the kinetic energy of the colli-
sion creates heat resulting in the fusion or
melting of the two pieces to be joined. Elec-
tron beam welding can only be performed in
a vacuum (because the air molecules would
intercept the electron beam) which is very
convenient as the aneroid capsule must also
be free of air. Electron beam welding is per-
formed by automated robot welding ma-
chines because a human welder could not
provide the degree of accuracy needed to
join the parts without damaging them.

The linkages

High quality linkages consisting of levers,

chains, sector racks, pinions, fusee, etc.,
are machined from tool steel. Machining
means that stock bars of metal are ground and
cut to shape the final piece. Automated
milling machinery can easily produce linkage
parts to a tolerance of 0.0001 in (0.0025 mm).

The temperature compensator

The temperature compensator, in quality

barometers, is usually a bimetallic strip.
The bimetallic strip is fixed by welding or
riveting one end of the strip to the barometer
case. Welding involves partially melting both
the casing and the bimetallic strip so that the
two pieces flow together and are joined.

Final assembly

The finished product is bench-assem-
bled. Because production runs are gener-

Aneroid Barometer

An aneroid barometer.
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ally very small, there is very little automa-
tion in the final assembly process. An as-
sembler attaches the movement and temper-
ature compensator to the case.

‘I The face of the barometer is placed
over the central pin of the movement.

‘I The barometer indicator is then fixed
to the central pin with a cotter pin or
screw.

‘I A glass plate is placed over the

barometer face and a bezel is screwed
onto the barometer to hold the glass in
place. In many barometers, the face plate
has a hole cut in the center of it so that the
movement can be seen.

Quality Control

Quality control requires that the completed
barometer be tested under different atmos-
pheric conditions. All aneroid barometers
come with a zeroing screw to adjust the ini-
tial position of the sweep indicator to be the
same barometric pressure as that of a very
precise standard barometer kept at the facto-
ry. The new barometer is then subjected to
varying barometric pressures to assess how
accurately it can record the actual pressure.
Barometers that cannot meet the required
factory tolerances, which vary from manu-
facturer to manufacturer, have their move-
ments replaced.

Byproducts/Waste

Mercury barometers contain the highly-
toxic heavy metal that gives them their
name. However, many localities and some
states have banned the use of mercury in
thermometers, barometers, and blood pres-
sure recording devices. It is only a matter of
time before the mercury barometer disap-
pears from common use. Wastes generated
during aneroid barometer manufacturing are

limited to minor amounts of metal from the
linkage machining. Casting wastes from the
barometer cases are usually immediately re-
cycled at the casting house.

The Future

The future of the barometer is a digital ver-
sion. By placing parallel steel plates inside
the aneroid capsule and running a current
across them, the distance between the two
plates can be determined as it is proportional
to the capacitance of the plates (capacitance
is a measure of the amount of electric charge
that can be stored on the plate). As the
aneroid capsule shrinks and expands, the ca-
pacitance of the two plates changes, provid-
ing a measure of the change in atmospheric
pressure driving the change in plate position.
This obviates the need for jeweled bearings,
fusee, and machined linkages, but produces
an instrument with all the charm of a digital
watch. However, with the insatiable need of
the weather service supercomputers for data,
the future will inevitably bring a huge num-
ber of very inexpensive barometers and ther-
mometers stationed throughout the world
and connected through the world wide web.

Where to Learn More
Books

Barry, Roger G., and Richard J. Chorley.
Atmosphere, Weather, and Climate. 6th ed.
New York: Routledge, 1998.

Middleton, W. E. Knowles. The History of
the Barometer. Baltimore: The Johns Hop-
kins Press, 1964.

Other

Accuweather Web Page. 20 September 2001.
<http://www.accuweather.com>.
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Background

Artificial turf is a surfacing material used to
imitate grass. It is generally used in areas
where grass cannot grow, or in areas where
grass maintenance is impossible or unde-
sired. Artificial turf is used mainly in sports
stadiums and arenas, but can also be found
on playgrounds and in other spaces.

Artificial turf has been manufactured since
the early 1960s, and was originally pro-
duced by Chemstrand Company (later re-
named Monsanto Textiles Company). It is
produced using manufacturing processes
similar to those used in the carpet industry.
Since the 1960s, the product has been im-
proved through new designs and better ma-
terials. The newest synthetic turf products
have been chemically treated to be resistant
to ultraviolet rays, and the materials have
been improved to be more wear-resistant,
less abrasive, and, for some applications,
more similar to natural grass.

History

In the early 1950s, the tufting process was
invented. A large number of needles insert
filaments of fiber into a fabric backing. Then
a flexible adhesive like polyurethane or
polyvinyl chloride is used to bind the fibers
to the backing. This is the procedure used for
the majority of residential and commercial
carpets. A tufting machine can produce a
length of carpet that is 15 ft (4.6 m) wide and
more than 3 ft (1 m) long in one minute.

In the early 1960s, the Ford Foundation, as
part of its mission to advance human
achievement, asked science and industry to
develop synthetic playing surfaces for urban
spaces. They hoped to give urban children

Artificial Turf

year-round play areas with better play quali-
ty and more uses than the traditional con-
crete, asphalt, and compacted soil of small
urban playgrounds. In 1964, the first instal-
lation of the new playing surface called
Chemgrass was installed at Moses Brown
School in Providence, Rhode Island.

In 1966, artificial turf was first used in pro-
fessional major-league sports and gained its
most famous brand name when the As-
trodome was opened in Houston, Texas. By
the first game of the 1966 season, artificial
turf was installed, and the brand name
Chemgrass was changed to AstroTurf. (Al-
though the name AstroTurf is used as a
common name for all types of artificial turf,
the name is more accurately used only for
the products of the AstroTurf Manufactur-
ing Company.)

Artificial turf also found its way into the ap-
plications for which it was originally con-
ceived, and artificial turf was installed at
many inner-city playgrounds. Some schools
and recreation centers took advantage of ar-
tificial turf’s properties to convert building
roofs into “grassy” play areas.

After the success of the Astrodome installa-
tion, the artificial turf market expanded with
other manufacturers entering the field, most
notably the 3M (Minnesota Mining and
Manufacturing) Company with its version
known as Tartan Turf. The widespread ac-
ceptance of artificial turf also led to the
boom in closed and domed stadium con-
struction around the world.

In the early 1970s, artificial turf came under
scrutiny due to safety and quality concerns.
Some installations, often those done by the
number of companies that sprang up to cash

Artificial turf has been
manufactured since the
early 1960s, and was
originally produced by
Chemstrand Company
(later renamed Monsanto

Textiles Company).

15



How Products Are Made, Volume 7

16

in on the trend, began to deteriorate. The
turf would wear too quickly, seams would
come apart, and the top layer would soon
degrade from exposure to sunlight. Athletes
and team doctors began to complain about
the artificial surfaces, and blamed the turf
for friction burns and blisters. Natural turf
yields to the force of a blow, but an arm or

leg driven along the unyielding surface of
artificial turf is more likely to be injured.
Since artificial turf does not have the same
cooling effects as natural turf, surface tem-
peratures can be 30° warmer above the arti-
ficial surfaces. Baseball players claimed that
a ball would bounce harder and in less pre-
dictable ways, and some soccer players
claimed that the artificial surface makes the
ball roll faster, directly affecting the game.
However, the National Football League and
the Stanford Research Institute declared in
1974 that artificial turf was not a health haz-
ard to professional football players, and its
use continued to spread.

In the 1990s, biological turf began to make a
comeback when a marketing of nostalgia in
professional sport resulted in the re-emer-
gence of outdoor stadiums. Many universi-
ties—responding to the nostalgia, advances
in grass biology, and the fears about in-
creased risk of injury on artificial turf—
began to reinstall natural turf systems. How-
ever, natural turf systems continue to
require sunlight and maintenance (mowing,
watering, fertilizing, aerating), and the sur-
face may deteriorate in heavy rain. Artificial
turf offers a surface that is nearly mainte-
nance-free, does not require sunlight, and
has a drainage system. Recent developments
in the artificial turf industry are new systems
that have simulated blades of grass support-
ed by an infill material so the “grass™ does
not compact. The resulting product is closer
to the look and feel of grass than the older,
rug-like systems. Because of these factors,
artificial turf will probably continue to be a
turf surface option for communities,
schools, and professional sports teams.

Raw Materials

The quality of the raw materials is crucial to
the performance of turf systems. Almost
anything used as a carpet backing has been
used for the backing material, from jute to
plastic to polyester. High quality artificial
turf uses polyester tire cord for the backing.

The fibers that make up the blades of
“grass” are made of nylon or polypropylene
and can be manufactured in different ways.
The nylon blades can be produced in thin
sheets that are cut into strips or extruded
through molds to produce fibers with a
round or oval cross-section. The extruded



product results in blades that feel and act
more like biological grass.

Cushioning systems are made from rubber
compounds or from polyester foam. Rubber
tires are sometimes used in the composition
of the rubber base, and some of the materi-
als used in backing can come from plastic
or rubber recycling programs. The thread
used to sew the pads together and also the
top fabric panels has to meet the same crite-
ria of strength, color retention, and durabili-
ty as the rest of the system. Care and expe-
rience must also be applied to the selection
of the adhesives used to bond all the com-
ponents together.

The Manufacturing
Process

The “grass” part of a turf system is made
with the same tufting techniques used in the
manufacture of carpets.

The first step is to blend the proprietary

ingredients together in a hopper. Dyes
and chemicals are added to give the turf its
traditional green color and to protect it from
the ultraviolet rays from the sun.

After the batch has been thoroughly

blended, it is fed into a large steel mixer.
The batch is automatically mixed until it has
a thick, taffy-like consistency.

The thickened liquid is then fed into an
extruder, and exits in a long, thin strand
of material.

The strands are placed on a carding ma-

chine and spun into a loose rope. The
loose ropes are pulled, straightened, and
woven into yarn. The nylon yarn is then
wound onto large spools.

The yarn is then heated to set the twisted
shaped.

Next, the yarn is taken to a tufting ma-

chine. The yarn is put on a bar with
skewers (a reel) behind the tufting machine.
It is then fed through a tube leading to the
tufting needle. The needle pierces the pri-
mary backing of the turf and pushes the yarn
into the loop. A looper, or flat hook, seizes
and release the loop of nylon while the nee-
dle pulls back up; the backing is shifted for-
ward and the needle once more pierces the

backing further on. This process is carried
out by several hundred needles, and several
hundred rows of stitches are carried out per
minute. The nylon yarn is now a carpet of
artificial turf.

The artificial turf carpet is now rolled

under a dispenser that spreads a coating of
latex onto the underside of the turf. At the
same time, a strong secondary backing is also
coated with latex. Both of these are then
rolled onto a marriage roller, which forms
them into a sandwich and seals them together.

The artificial turf is then placed under
heat lamps to cure the latex.

The turf is fed through a machine that
clips off any tufts that rise above its uni-
form surface.

‘I Then the turf is rolled into large
lengths and packaged. The rolls are
then shipped to the wholesaler.

Installation

Artificial turf installation and maintenance
is as important as its construction.

The base of the installation, which is ei-
ther concrete or compacted soil, must be
leveled by a bulldozer and then smoothed by

Artificial Turf

How the ingredients of ortificial

turf are blended.
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a steam roller. Uneven surfaces will still be
evident once the turf is supplied.

For outdoor applications, intricate

drainage systems must be installed, since
the underlying surface can absorb little, if
any, rainwater.

Turf systems can be either filled or un-

filled. A filled system is designed so that
once it is installed, a material such as crum-
bled cork, rubber pellets, or sand (or a mix-
ture) is spread over the turf and raked down
in between the fibers. The material helps
support the blades of fiber, and also pro-
vides a surface with some give, that feels
more like the soil under a natural grass sur-
face. Filled systems have some limitations,
however. Filling material like cork may
break down or the filling material can be-
come contaminated with dirt and become
compacted. In either case the blades are no
longer supported. Maintenance may require
removing and replacing all of the fill.

Quality Control

Because of the high use of artificial turf and
the constant scrutiny by professional ath-
letes, new products must undergo a number
of tests as they are being developed. In
1994, the American Society for Testing and
Materials (ASTM) published a list of stan-
dard methods for the testing of synthetic turf
systems. It contains over two dozen tests for
the properties of turf systems.

As part of ASTM s testing, the backing fab-
ric is tested for strength. The force it takes to
separate the individual tufts or blades is also
measured. In tufted turf, this test usually
measures the strength of the adhesive in-

volved. To test how resistant the turf is to
abrasion, the ASTM recommends testing the
fabric by running it under an abrasive head
made of spring steel, while another ASTM
test measures how abrasive the turf will be
to the players. The ASTM also has tests that
measure the shock absorbency of the turf
system, and there are also tests to see how
well the turf stands up during the course of a
game or even prolonged tournament play.

Several quality checks are performed during
the manufacturing process, as well. For ex-
ample, according to AstroTurf Incorporated,
the following quality checks are performed:
19 checks for the raw materials, eight checks
for extrusion, six checks for unfinished fab-
ric, and 14 checks for finished fabric.

Byproducts/Waste

Defected artificial turf batches are discarded
as are nylon yarn that is damaged. Complet-
ed turf is generally recycled, but not reused
as artificial turf. The earth that is cleared
from the installation site is transported to a
landfill and discarded. Older turf that has
been worn down is typically recycled.

The arguments about the environmental im-
pact of artificial versus biological turf con-
tinue. Both create large amount of water
run-off, adding to sewage problems. Chemi-
cal processes are used in the manufacture of
raw materials for artificial turf, but most bi-
ological grass in stadium applications re-
quires chemicals in the form of fertilizer and
pesticides for maintenance.

The Future

The engineering and design of both artificial
and biological turf systems are constantly



improving. As new stadiums are built, the
owners and architects strive to give a more
old-fashioned feel to the structures, which
usually means no dome or a dome that al-
lows the use of biological turf.

Recent installations of artificial turf have in-
cluded new advancements that serve both
economic and environmental needs. Large
holding tanks are built beneath outdoor in-
stallations. The water that runs off the sur-
face is held in the tanks, and used later for
watering practice fields or nearby lawns.

Another recent development has been a hy-
brid of filled turf and biological grass. Once
artificial turf is installed, it is filled not with
rubber or sand, but with soil. Grass seed is
then planted in the soil, nurtured and grown
to a height above that of the artificial turf.
The resulting combination combines the feel,
look, and comfort of biological turf with the
resilience and resistance to tearing and divots

of artificial turf. Of course, it also requires all
the maintenance of both systems, and it is not
suitable for most indoor applications.

Where to Learn More
Books

Schmidt. Natural and Artificial Playing
Fields: Characteristics and Safety Fea-
tures. Portland: Book News, Inc., 1990.

Other

“Manufacturing Information.” AstroTurf
Web Page. December 2001. <http://www.
astroturf.com>.

Wilson, Nicholas. A Comparison of Filled
Artificial Turf with Conventional Alterna-
tives. Portland: 2000.

Steven Guerriero

Artificial Turf
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Some nineteenth and
early twentieth century
vaults were built so well
that today they are almost
impossible to destroy.
Buildings have been

renovated around them.
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Bank Vault

Background

A bank vault is a secure space where
money, valuables, records, and documents
can be stored. Vaults protect their contents
with armored walls and a tightly fashioned
door closed with a complex lock. Vault
technology developed in a type of arms race
with bank robbers. As burglars came up
with new ways to break into vaults, vault
makers found innovative ways to foil them.
Modern vaults may be armed with a wide
array of alarms and anti-theft devices. Some
nineteenth and early twentieth century
vaults were built so well that today they are
almost impossible to destroy. Buildings
have been renovated around them. A restau-
rant in a restored bank building even fea-
tures a dining area inside the indestructible
vault. These older vaults were typically
made with steel-reinforced concrete. The
walls were usually at least 1 ft (0.31 m)
thick, and the door itself was typically 3.5 ft
(1.1 m) thick. Total weight ran into the hun-
dreds of tons. Today vaults are made with
thinner, lighter materials that, while still se-
cure, are easier to dismantle than their earli-
er counterparts.

History

The need for secure storage stretches far
back in time. The earliest known locks were
made by the Egyptians. Ancient Romans
used a more sophisticated locking system,
called warded locks. Warded locks had spe-
cial notches and grooves that made picking
them more difficult. Lock technology ad-
vanced independently in ancient India, Rus-
sia, and China, where the combination lock
is thought to have originated. In the United
States, most banks relied on small iron safes

fitted with a key lock up until the middle of
the nineteenth century. After the Gold Rush
of 1849, unsuccessful prospectors turned to
robbing banks. The prospectors would often
break into the bank using a pickaxe and
hammer. The safe was usually small enough
that the thief could get it out a window, and
take it to a secluded spot to break it open.

Banks demanded more protection and safe
makers responded by designing larger,
heavier safes. Safes with a key lock were
still vulnerable through the key hole, and
bank robbers soon learned to blast off the
door by pouring explosives in this opening.
In 1861, inventor Linus Yale Jr. introduced
the modern combination lock. Bankers
quickly adopted Yale’s lock for their safes,
but bank robbers came up with several ways
to get past the new invention. It was possi-
ble to use force to punch the combination
lock through the door. Other experienced
burglars learned to drill holes into the lock
case and use mirrors to view the slots in the
combination wheels inside the mechanism.
A more direct approach was to simply kid-
nap the bank manager and force him to re-
veal the combination.

After the inventions of the combination
lock, James Sargent—an employee of
Yale—developed the “theftproof lock.” This
was a combination lock that worked on a
timer. The vault or safe door could only be
opened after a set number of hours had
passed, thus a kidnapped bank employee
could not open the lock in the middle of the
night even under force. Time locks became
widespread at banks in the 1870s. This re-
duced the kidnappings, but set bank robbers
to work again at prying or blasting open
vaults. Thieves developed tools for forcing
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Raw Materials

Vault walls and doors are comprised mainly
of concrete, steel rods for reinforcement,
and proprietary additives to give the con-
crete even more strength.

Design

Bank vaults are built as custom orders. The
vault is usually the first aspect of a new
bank building to be designed and built. The
manufacturing process begins with the de-
sign if the vault, and the rest of the bank is
built around it. The vault manufacturer con-
sults with the customer to determine factors
such as the total vault size, desired shape,
and location of the door. After the customer
signs off on the design, the manufacturer
configures the equipment to make the vault
panels and door. The customer usually or-
ders the vault to be delivered and installed.
That is, the vault manufacturer not only
makes the vault parts, but brings the parts to
the construction site and puts them together.

Bank vaults are typically made with steel-
reinforced concrete. This material was not
substantially different from that used in con-
struction work. It relied on its immense
thickness for strength. An ordinary vault
from the middle of the century might have
been 18 in (45.72 cm) thick and was quite
heavy and difficult to remove or remodel
around. Modern bank vaults are now typi-
cally made of modular concrete panels using
a special proprietary blend of concrete and
additives for extreme strength. The concrete
has been engineered for maximum crush re-
sistance. A panel of this material, though
only 3 in (7.62 cm) thick, may be up to 10
times as strong as an 18 in-thick (45.72-cm)
panel of regular formula cement.

The Manufacturing
Process

The panels

The first step in the process is to mold the

wall panels. Unlike regular concrete used
in construction, the concrete for bank vaults
is so thick that it cannot be poured. The con-
sistency of concrete is measured by its
“slump.” Vault concrete is said to have zero
slump. It also sets very quickly, drying in
only six to 12 hours, instead of the three to

four days needed for most concrete. Workers
dump the concrete mix into the panel molds.

Next, a network of reinforcing steel rods
are manually placed into the damp mix.

Then the molds are vibrated for several
hours. The vibration settles the material
and eliminates air pockets.

The edges are smoothed with a trowel,
and the concrete is allowed to harden.

Workers unmold the product and place
the panels on a truck for transport to the
customer’s construction site.

The door

The vault door is also molded of special

concrete used to make the panels, but it
can be made in several ways. The door mold
differs from the panel molds because there
is a hole for the lock and the door will be
clad in stainless steel. Some manufacturers
use the steel cladding as the mold and pour
the concrete directly into it. Other manufac-
turers use a regular mold and screw the steel
on after the panel is dry.

The lock

The lock for a modern bank vault is usu-

ally a dual-control combination lock,
meaning it takes two people to open it. This
lock is connected to a time lock that can be
set so the combination lock will not open
until the pre-set number of hours has passed.
This is still the “theftproof” lock system that
Sargent invented in the late nineteenth cen-
tury. Such locks are manufactured by only a
few companies worldwide. The locking sys-
tem is supplied already assembled to the
vault manufacturer.

Installation

The finished vault panels, door, and lock

assembly are trucked to the bank con-
struction site. The vault manufacturer’s
workers then place the panels enclosed in
steel at the designated spots and weld them
together. The vault manufacturer may also
supply an alarm system, which is installed at
the same time. While older vaults were
armed with multiple weapons against bur-
glars, such as blasts of steam or teargas, this
is rarely found in modern vaults. Instead the
vault door and interior might be wired with
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a listening device that picks up unusual or
unusually frequent sounds. The vault may
also be surveyed with a camera and an alarm
will be hooked up to alert local police if the
door or lock is tampered with.

Quality Control

Quality control for the vault industry is
overseen by Underwriters Laboratory, Inc.
(UL), in Northbrook, Illinois. Until 1991,
the United States government also regulated
the vault industry. The government set mini-
mum standards for the thickness of vault
walls, but advances in concrete technology
made thickness an arbitrary measure of
strength. Thin panels of new materials were
far stronger than the thicker, poured con-
crete walls. Now the effectiveness of the
vault is measured by how well it performs
against a mock break-in. Manufacturers
strive to make products that repel attacks for
a certain number of minutes. A UL Class 1
vault is guaranteed to withstand a break-in
attempt for 30 minutes, a Class 2 for 60
minutes, and a Class 3 for 120 minutes.
UL’s workers attack sample vault walls and
doors with equipment that is likely a burglar
could carry into a bank and use. This usually
includes torches and demolition hammers. If
the UL worker can make a hole of at least 6

X 16in (15.24 X 40.64 cm) in less than the
set time, that particular part has failed the
test. Manufacturers also do their own testing
designing a new product to make sure it is
likely to succeed in UL trials.

Byproducts/Waste

The manufacturing process itself has no un-
usual waste or byproducts, but getting rid of
old bank vaults can be a problem. Newer,
modular bank vaults can be moved if a bank
closes or relocates. They can also be en-
larged if the bank’s needs change. Older
bank vaults are quite difficult to demolish. If
an old bank building is to be renovated for
another use, in most cases a specialty con-
tractor has to be called in to demolish the
vault. A vault’s demolition requires massive
wrecking equipment and may take months
of work at a large expense. At least one
company in the United States refurbishes
old vault doors that are then resold.

The Future

Bank vault technology changed rapidly in
the 1980s and 1990s with the development
of improved concrete material. Bank bur-
glaries are also no longer the substantial
problem they were in the late nineteenth

A. The modular panels of the
vault. B. The finished vault with
safe deposit boxes.
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century up through the 1930s, but vault
makers continue to alter their products to
counter new break-in methods.

At issue in the twenty-first century is a pow-
erful tool called a “burning bar” or “thermic
torch.” Buming liquid oxygen ignited by a
oxyacetylene torch, this bar burns much hot-
ter than an acetylene torch, getting up to
6,602—-8,006°F (3,650-4,430°C). The torch
makes a series of small holes that can even-
tually be linked to form a gap. In the future,
the vault manufacturing industry will likely
come up with a means to combat the burn-
ing bar. Then perhaps criminals will find a
more powerful tool, and the industry will
change its products again. Vault manufac-
turers work closely with the banking indus-
try and law enforcement in order to keep up
with these advances in burglary.

Where to Learn More
Books

Steele, Sean P. Heists: Swindles, Stickups,
and Robberies that Shocked the World.
New York: Metrobooks, 1995.

Tchudi, Stephen. Lock & Key. New York:
Charles Scribner’s Sons, 1993.

Periodicals

Chiles, James R. “Age-Old Battle to Keep
Safes Safe from ‘Creepers, Soup Men and
Yeggs.”” Smithsonian (July 1984): 35-44.

Merrick, Amy. “Immovable Objects, If
They’re Bank Vaults, Make Nice Restau-
rants.” Wall Street Journal (5 February
2001): Al.

Angela Woodward



Background

The bicycle seat, sometimes known as a
saddle, is the part of the bicycle on which
the rider sits while operating the machine.
Generally made from hard plastic and cov-
ered with a thin layer of foam and an easily-
cleaned cover, the seat is nearly identical on
a bicycle whether it was made for a man,
woman, or child. Manufacturers refer to this
conventional design as a single platform
seat (a one-piece seat mounted on a single
shaft or post with a sizable horn in front).
This conventional design is curved with a
bulge in the center of the seat.

This saddle-style bicycle seat is by far the
most popular style seen today. Those who
order custom bicycles for racing or special
sports often receive their machines with
seats that may be slightly modified for spe-
cial sports use. Many owners then replace
the seats with special seats with fancy fab-
rics or custom detailing. The bicycle seat is
similar to the motorcycle seat, and some
companies often manufacture both.

The bicycle seat is a fairly simple commod-
ity to manufacture as it contains only a few
key components such as the platform,
bumpers, screws, bolts, rods for support,
and fabric to cover the seat. Very few con-
ventional, saddle-type bicycle seats are
manufactured in the United States. Rather,
they are often produced in sub-assemblies
in eastern countries, with the sub-assem-
blies shipped to the United States. A bicy-
cle manufacturer or distributor then com-
pletes the bicycle seat by fully assembling
the seat or completing special detailing.
Typical sub-assemblies might include the
basic seat foam or the rod which supports
the seat.

Bicycle Seat

History

The history of the bicycle seat is tied to the
development of the bicycle in terms of effi-
ciency of movement and comfort for the
rider. When the first bicycle, the draisine, ap-
peared in 1818, the seat was simple and unso-
phisticated, hardly more than a wooden
plank. The penny farthing bicycle, or the
high-wheel bicycle with a small wheel in the
back, must have had a terribly uncomfortable
seat as the rider put all his weight on the seat
and pedaled hard to move the bicycle forward
with a primitive gear system. As bicycles be-
came more sophisticated the manufacturers’
primary concerns revolved around perfecting
the gear system to move the bicycle forward
more easily. Safety bicycles, so-called be-
cause the wheels were of the same size and
the rider did not risk falling over the large
wheel of the high wheeler, were extraordinar-
ily popular for both men and women by 1890.

Refinements to the bicycle seat in the early
twentieth century were minimal, including
the addition of comfortable padding on the
convex saddle. More recent refinements to
the conventional saddle seat include making
the seat cheaper to manufacture by having
them made in Taiwan or China, and finding
materials to produce a lightweight seat.
Some conventional seats have been modi-
fied to respond to the concerns regarding re-
duced blood flow to the genitalia by adding
gel to the seat. Only the radical re-designs,
which often include two separate lobes for
the buttocks and eliminate the horn in front,
completely ignore conventional seat design.

Raw Materials

Most conventional-style bicycle saddles are
composed of three or four materials. These

The first bicycle, the
draisine, appeared in
1818. Its seat was simple
and unsophisticated,
hardly more than a

wooden plank.
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include a rigid seat of a molded, nylon-
based plastic. The seat is then covered with
some sort of padding. Most seat manufac-
turers prefer to use closed cell foam.
Closed-cell foam is a form of latex foam
into which a blowing agent has been incor-
porated in order to force gas to escape dur-
ing vulcanization (the process by which
latex is chemically treated in order to give it
elasticity, strength, and stability). The liber-
ation of the gases forms small closed cells,
rendering a foam that is nonabsorbent and
durable (desirable qualities for a bicycle
saddle that may get wet from rain or damp
from human perspiration). The plastic base
and closed cell foam are then covered with
any one of a number of materials, including
vinyl, leather, fabric, kelvar, rubber, nylon,
or heavy fabric such as canvas. Spray adhe-
sives are used to affix the cover to the foam.
These can vary by manufacturer, but effec-
tive spray adhesives used with foam include
neoprene or urcthane based adhesives. Some
saddles are constructed with hollow metal
tubing or rods extruding so that they may
easily attach to the bicycle frame. The met-
als used in these rods vary and may be either
stainless steel or titanium, a lightweight,
high-strength/low-corrosion metal.

Design

The saddle seat has changed little in recent
years. Simple re-design has included adoption
of fancy fabrics that glitter or are decorated
with fancy embroidery. Racers or sport enthu-
siasts have pushed specialty saddle manufac-
turers to develop rubber fabrics that grip or
wick away moisture from the buttocks.

Some small, specialty bicycle seat firms
have completely re-designed the saddle in
recent years for two reasons. First, seats on
bicycles have changed dramatically as the
design of bicycles has reflected the physical
needs of biking enthusiasts who use the ma-
chines for vigorous exercise. For example,
downhill bicycle riders prefer a bigger sad-
dle while roadies or road bikers prefer sleek-
er seats. Bicyclists engaged in these sporting
pursuits demanded these changes based on
practicality. Second, the conventional seat
has been re-designed to relieve pressure on
the genitalia during bicycling activity.

The conventional single-platform saddle is
viewed as unhealthful as well as uncomfort-

able by some cyclists. Many articles ap-
peared in bicycling periodicals criticizing the
conventional seats asserting that their design
could lead to sterility, impotence, and per-
haps even testicular cancer. There is, in fact,
some concemn that the conventional seat puts
undue pressure on the perineum, the area be-
tween the rectum and the genitalia, perhaps
causing blood flow to be restricted to the
area during intensive biking exercise. This
occurs because the artery near the perineum
thickens as a natural defense mechanism,
constricting the inside of the wall and reduc-
ing blood flow to the area. The reduction
lasts far longer than the bicycle trip; it is as-
serted by some that impotency may be the
result of the reduced blood flow.

As aresult, there is a booming market for the
non-conventional bicycle seat. These spe-
cialty seats are designed to take pressure off
the perineum and distribute it broadly on the
butt cheeks. This primarily entails eliminat-
ing the long horn with its curved spine on the
front of the seat that makes contact with the
perineum. Most of these unconventional seat
manufacturers run small operations and have
not yet penetrated the market significantly.

The Manufacturing
Process

Few, if any, conventional bicycle seats have
all components manufactured in the United
States. One prominent company that pro-
vides many such bicycle seats to consumers
says that American companies tend to get
parts from other countries where labor is
cheap, and the American companies simply
assemble the components. Whether these
components are made in this country or not,
conventional seats are composed of a hard
shell, foam, a seat cover, and a metal rod
that attaches the seat to a bicycle frame.

The hard plastic shell forms the founda-

tion of the bicycle seat. The contour of the
saddle is rendered in a metal mold; this sad-
dle may be longer or broader according to the
needs of the seat distributor. Whatever their
configuration, these seats are injection mold-
ed. Injection molding occurs when a plastic
resin is made molten and then rammed and
forced through a gate into a cooled mold. The
resin solidifies in the mold, the mold is un-
clamped, and the plastic shell is forced out of
the mold using some sort of ejector such as a



pin. Several injections can be produced per
minute. Runners that attach parts of the plas-
tic injection molded pieces (simply pieces of
waste) may be knocked off, gathered, and
melted down for later use.

Next, padding is glued to the plastic shell.

The padding is a densely-packed, closed-
cell foam that provides some comfort for the
rider. The foam is cut using heavy blades
along the contours of the shell and moves
down and around the edges of the shell. The
foam is attached to the plastic shell using a
spray adhesive applied using an air compres-
sor and spray gun. These foam seats are ap-
plied to the shell by hand, one seat at a time.
The adhesive application operator makes sure
that the spray adhesive is applied evenly to
the sides and parts underneath the seat to en-
sure that the cover will properly adhere.

The cover, sometimes referred to as the
topsheet, is cut out by hand using heavy

hand-held scissors. Specialized saddles of
leather or other materials such as kevlar,
gripping rubber, or metalicized fabrics are
also cut out by hand. Those that will be dec-
orated with stitching are sewn on industrial
grade machines.

The topsheet is now affixed to the foam-

covered base. This process entails wrap-
ping the cover down over the seat, around
the sides, and sticking to the bottom of the
seat. This topsheet is carefully attached by
hand using the spray adhesive once again.
Wrapped edges are rolled tight to provide a
good fit and prevent separation from the
foundation. After the topsheet is attached to
the base using the glue, it is also stapled to
the base to ensure a permanent, smooth fit.

Plastic bumpers are then screwed onto
the nose (front), the back, and underside
of the seat. These bumpers cover the gluing
and stapling of the topsheet to the base, giv-

Bicycle Seat

A handmade conventional bicycle

seat.
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ing the seat a finished look. The bumpers
are attached using a hand-held automatic
screw gun.

Many seats come with a hollow metal

rod so that the seat may be dropped into
a bicycle frame using the attached rod. In
the event that the saddle includes such a rod,
it must be cut, configured, and attached to
the seat itself. Some companies use titanium
rods that are shipped to their plant in 10 ft (3
m) lengths. The rods are heated, cut into
smaller sections using a heavy machine saw,
and the sections are bent into the desired
configuration using molds. These config-
ured rods are then put into a tumbler that lit-
erally tumbles the rod using polished rocks
in an enclosed cylinder. (This process is
used to round off edges of pebbles and give
them a smooth shine as well.) This process
shines up the rails. Fifty bent rods may be
placed in a tumbler at one time.

The rods must then be forced into an

opening on the plastic shell. In order to
do this, the shell (complete with foam and
cover) and the rods are put into a machine
that applies pressure with the assistance of
the operator, forcing the rod into the seat
using this pressure. The rails are thus
popped into the seat foundation. The seat is
now complete and ready for packing and

shipping.

Quality Control

Quality control primarily revolves around
the successful injection molding of the
seat base. The machine for this purpose is
carefully monitored to ensure a successful
operation and that the mold reflects the de-
sired seat configuration. Products from the
operation are visually inspected at regular
intervals. However, specifications for its
molding must be monitored and assessed
to ensure there is no undue variation.
There is no question that during the entire
manual process of making a saddle the ex-
pert ensures a superior fit. Those with top-
sheets cut incorrectly will not wrap under
the seat and pose a problem with fraying.
An improperly fit or glued topsheet will
rip or tear.

The materials that form the important com-
ponents of the seat must be of high quality
to ensure a good product. The closed-cell

foam must be up to specifications desired by
the manufacturer; inferior foam will disinte-
grate with pressure and moisture. Also of
great concern is that the material for the
metal rail to which the seat is attached will
not wear out with average use. One manu-
facturer used an inferior grade stainless steel
rod for this purpose and metal failure proved
very costly.

Byproducts/Waste

For those that make plastic injection-mold-
ed seats, runners left over from the mold-
ing process are gathered and melted for use
in future injection moldings. In small oper-
ations that make specialty saddle seats the
waste of materials is kept to a minimum.
Excess cut foam is not reusable and dis-
carded, as is excess fabric from the special-
ty seats. These specialty cover fabrics may
be quite costly, and as they are cut out by
hand, the operators are careful to cut out
the seats to maximize use of the fabrics.
Spray adhesives are carefully used and
controlled using a pneumatic machine for
their dispensing, greatly eliminating adhe-
sive overspray.

The Future

Bicycle seat manufacturers are curious to see
what kind of impact the radically-designed
unconventional bicycle seats have on the
conventional seat market. Some have ad-
dressed the medical concerns voiced about
the single-platform seat through small modi-
fications because complete re-tooling is very
costly. Some bicyclists believe the medical
concerns are unfounded and dispute them.
Specialty seats are not put on mass-produced
bicycles made for American consumption.
That leaves the responsibility for purchasing
the conventional seat to the consumer. Elim-
inating the old seat and replacing it anew
with the specialty seat can be costly. In the
1990s many small companies were founded
to design, prototype, and manufacture new
healthful bicycle seats. These firms are vocal
about the perceived problems with conven-
tional bicycle seats and hope they can offer a
comfortable and healthful alternative to the
seat issue. However, many bicyclists avoid
the specialty seat, preferring a well-padded
conventional, extremely lightweight saddle
to radical new designs.



Where to Learn More
Books

Bijker, Wiebe E. Of Bicycles, Bakelites,
and Bulbs. Cambridge: MIT Press, 1995.

Bryk, Nancy E. Villa. American Dress Pat-
tern Catalogs. New York: Dover Publica-
tions, 1989.

Other

“Bicycle.” Encyclopedia Britannica CD
Edition. Encyclopedia Britannica, Inc.:
1994-1998.

Interview with Jeff Dixon, owner of Spongy
Wonder Manufacturing Corporation. New
Brunswick, Canada. August 2001.

Interview with SDG U.S.A. Management.
Santa Ana, CA. September 2001.

“The Manufacturing Process.” SDG U.S.A.
Web Page. December 2001. <http://www.
sdgusa.com/process.html>.

Nancy EV Bryk
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Binocular

Background

Modern binoculars consist of two barrel
chambers with an objective lens, eyepiece,
and a pair of prisms inside. The prisms re-
flect and lengthen the light, while the objec-
tive lenses enhance and magnify images due
to stereoscopic vision.

History

Man has been experimenting with glass
since its advent sometime around 3500 B.C.
These experiments soon became known for
their ocular implications. The designs of
early optical instruments, like the telescope,
were not recorded. It is assumed that these
instruments were studied and perfected by
Galileo Galilei. Early binoculars were actu-
ally called binocular telescopes, and are
thought to be based on Galileo’s discoveries
and designs of prisms.

Early telescopic lenses were full of bubbles
and other imperfections. They were also
slightly green due to the iron content in the
glass. Polishing techniques were crude, and
although lenses were of good quality in the
center, the peripheral shape was poor result-
ing in a restricted aperture. As telescopes
were improved, binoculars evolved. The
first patent application for binocular tele-
scopes was filed early in the seventeenth
century by Jan Lippershey in present day
Holland. Lippershey primarily used quartz
crystal, which is hard to manipulate. The
first hand-held binocular originated in 1702
with Johann Zahn’s small binocular of two
tubes with a lithe connection.

A patent application submitted in 1854 by
Ignatio Porro began the use of the modern
prism binocular called the Porro prism

erecting system. This optical system consist-
ed of an objective lens and ocular lens (eye-
piece) with two facing, right angle prisms
arranged to invert and correct the orientation
of the image. The two most commonly used
prism systems are the porro prism and the
roof prism design. The roof system uses
prisms positioned one over the other result-
ing in a more compact design.

An other major breakthrough occurred in
1894 when Carl Zeiss, a German optical spe-
cialist, developed binoculars with convex
lenses and delta prisms to correct the inverted
image. In a porro design, the light is bent in a
“Z” shape before reaching the eye, allowing
the distance between the eyepiece and the ob-
jective lens to be compacted. This enables the
size and weight of binoculars to be reduced.

Reductions in the weight of the binoculars
occurred with the use of aluminum or poly-
carbonate housings instead of the heavier
metal alloys used in pre-civil war binoculars.
Performance of smaller and larger binoculars
has improved with the introduction of coat-
ings to render the lenses non-reflective and
reduce the amount of scattered light. The
quality of prisms has also improved over the
years, resulting in a reduction of the bub-
bling effect of optical glass. In the early
1970s, nitrogen filled, waterproof binoculars
were developed. A decade later the arrival of
infrared transmitters capable of seeing in the
dark further transformed binocular technolo-
gy. Variable magnification models were also
developed allowing the user to adjust the
level of magnification.

Raw Materials

Early binocular models had brass housing
covers and were relatively heavy and expen-



Obijective lens

sive to produce. Subsequent leather or hard
rubber covers were replaced in Germany
during the World War I by a cover of black
lacquered cardboard. Galvanized steel re-
placed the heavier brass in the housing cov-
ers. In the 1930s, nearly all of the metal parts
of the service glasses were made of alu-
minum to save brass and reduce the weight.

Modern-day binocular tubes are primarily
made out of aluminum coated with silicon or
a leather-like material called gutta-percha.
The lenses and prisms are made from glass
and coated with an anti-reflective coating.

With the exception of the optical glass and
some rubber seals, the majority of binocular
component parts can be manufactured using
a Computer Assisted Design and Manufac-
turing (CAD/CAM) system that downloads
the designs to a variety of Computer Numer-
ically Controlled (CNC) devices (multi-axis
mill turn and milling machines as well as
vertical and horizontal machining centers,
lathes, etc.). Using CAD software provides
both drawing, dimensioning, and visualiza-
tion capabilities. These lead to improve-
ments in the binoculars final design.

The Manufacturing
Process

The lens material is poured into a lens
mold, which has a spherical curved bot-
tom. This results in a lens that is about 4 in

(10.2 cm) in diameter and 1-1.5 in (2.4-3.8
cm) thick.

The lenses are then removed from the
molds and cut into specific pieces using
a diamond saw to create the optical lenses.

The lenses are placed into the grinding
machine and polished.

After they have been carefully ma-

chined, the lenses are anodized to reduce
reflections in vacuum tanks. The more coat-
ings applied, the less light absorbed.

The ocular lenses (nearest the eyes) are

also molded and carefully polished by
auto-polish machines after which they are
centered on diamond turning machines and
finally cleaned by running through several
different solvents in automated machinery.

The objective lenses, those furthest from
the eyes, are molded and then polished
with polishing machines.

These components are then manually as-
sembled into a die cast body, which is
often made from aluminum.

Using a technique called physical vapor

deposition, the optics are placed into a
“plasma machine” and coated with dielec-
tric coatings. The coatings are essential for
high performance.

The optics are then inspected and tested
for clarity and defects using lasers in
specially designed particulate free rooms.

Binocular

The process of magnifying the
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‘l Next, the rod shaped prisms are cut by

lasers into three-sided shapes depend-
ing on the type of prism being manufactured
(i.e., roof prisms or porro prisms).

‘I The prisms are coated with dielectric
materials (metal oxides) by physical
vapor deposition inside a vacuum chamber.

‘I When all these components are as-

sembled on a belt assembly line, the
final assembly station collimates the binocu-
lar by hand, making the left side exactly par-
allel to the right, so only one image will be
seen at a time.

‘| The binocular housing is then covered

with a substance called gutta-percha,
which looks like leather but is more durable
and flexible. This covering is applied by
hand using an adhesive and may be coated
with a protective rubber covering.

‘| On the assembly line bare metal hous-
ing covers are covered with plastic or
rubber.

‘I The prisms are placed by hand inside
the binocular casing and manually
screwed in place.

‘I The objective lenses are held in place
by a metal or plastic ring and the eye-
piece is fitted with a rubber eyecap.

‘I The focusing lenses are placed in the
housing with screws mounted by hand.

‘I Waterproof binoculars must have o-
rings at every orifice, be purged with
nitrogen (injected through a seal), and
sealed. The final step would be the packing
of binoculars in cases with neck straps, most
cases today being of a canvas-like material.

Quality Control

Binoculars that have been hermetically
sealed (waterproof) and nitrogen charged
(fogproof) are tested underwater. Most
binoculars will withstand water immersion
at 16.4 (5 m) for five minutes. Both barrels
of a binocular need to be optically parallel

for the image to merge into one perfect cir-
cle and are carefully checked for alignment.

Byproducts/Waste

Lenses and prisms that have defects such as
scratches or cracks are either discarded and
melted down to be molded again, or they are
recycled. If the casing is damaged during
production, it is also either remolded or re-
cycled.

The Future

Binoculars continue to advance with new
technology. Their ability to see further with
better focusing techniques enables the con-
sumer to use the product for a wider variety
of tasks. Binoculars are now tending to use
the same stabilizing method used in video
cameras that automatically stabilizes the
prism system so that the image remains
steady to the viewer. Some binoculars are
also coming equipped with night scope vi-
sion. This would enable the consumer to see
objects that are far away even at night.
Technological advancements are continual-
ly made on these specialty binoculars,
which are primarily used by the military or
for surveillance.

Where to Learn More
Books

Bell, Louis. The Telescope. McGraw-Hill
Book Company, Inc., 1922.

Von Rohr, Moritz. Die Binokularen Instru-
mente. Berlin: Springer, 1920.

Other

The United States Patent Office Web Page.
November 2001. <http://www.uspto.gov/
patft>.

Van Helden, Albert. The Telescope. 1995.
November 2001. <http://es.rice.edu/ES/
humsoc/Galileo/Things/telescope.html>.

Bonny McClain



Background

Bird cages are homes for domesticated
birds. Birds require a house in which they
can fly and have some freedom but still en-
sures they do not fly away. Bird cages are
constructed to be large enough to accom-
modate the motion and daily activities of
domesticated birds. Cages are generally
constructed of wire mesh. Some manufac-
turers flatten the mesh and others leave the
wire round just as it is obtained from the
manufacturer. Cages must be constructed
with mesh carefully welded in a grid that
will not permit a bird to put his or her head
through the mesh and strangle. The mesh is
generally 1.5 X 1in (3.8 X 2.5 cm) in grid.
Even larger birds such as parrots are rarely
put into cages with mesh larger than 1 X 1
in (2.5 X 2.5 cm).

The design of bird cages is varied. Some
cages hold one or two small domesticated
birds and are rectangular or square. Polyg-
onal cages are popular and can be quite
decorative. Some cages have a plastic or
metal tray that fits underneath a mesh cage
without a bottom so that cleaning the cage
only entails detaching the tray. Others have
seed catching trays that are far wider than
the cage so that the tray catches all stray
seeds dropped by the bird. Still other cages
are made specifically to breed birds and are
of a very different configuration. These
bird-breeding cages are quite wide with a
divider in the middle that is removed when
the birds in each half of the cage have got-
ten used to the presence of the other. Then
breeding begins. Bird-breeding cages are
often made to the specifications of breeders
and are designed after observation and
feedback from the breeders.

Bird Cage

History

The history of the bird cage is tied to the
adoption of birds as pets. Birds were caged
for their beauty and mystery nearly four
centuries ago in ancient Egypt. Doves and
parrots were favorites of the Egyptians and
are depicted in hieroglyphics. The Mynah
has been considered a sacred bird in India
for at least 2,000 years as well. The birds
were pulled through the streets on oxen,
likely in crude cages to ensure they would
not escape. It is difficult to determine what
some of these cages may have been made
of, perhaps wooden twigs, rope mesh, reeds,
or bamboo. Some say that Alexander the
Great was given a parakeet by one of his
generals and the Alexandrine parakeet was
named in his honor. Ancient Romans kept
and held birds as well and it was considered
the duty of a slave to care for the domesti-
cated animal. By the Middle Ages only the
wealthy kept caged birds.

When Western traders brought back spices
and textiles from the Far East, they also
brought the exotic birds as pets. Birds were
much beloved pets in the American Colonies.
Bamboo and wooden cages were seen in
many kitchens in the New World, generally
hung near open windows. By the Victorian
era the bird was considered even more than a
pet. The decorative cage was seen as an im-
portant ornamentation within the Victorian
parlor. Wire cages were far more effective
and long-lasting cages than more ephemeral
cane, bamboo, or wood, and wire mesh cages
are much preferred in the twentieth century.

Raw Materials

The essential components of the bird cage
are very simple. Most American-made cages

Birds were caged for their
beauty and mystery
nearly four centuries ago

in ancient Egypt.
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are made from wire mesh. These rolls gen-
erally come in varying widths and are keyed
to the widths of the panels to be cut from
them. These rolls may be between 100-200
ft (30-61 m) in length and are very heavy.

Bird cage makers do not manufacture the
mesh; instead, they purchase it from wire
mesh or fencing manufacturers. A quality
bird cage must be made from precisely
configured mesh or the cage will not be
stable or safe for the bird. As the panels
and sides are cut directly from the mesh, it
must be evenly spaced or the cut panels
will not meet precisely at the edges. Ameri-
can manufacturers seek suppliers who can
deliver tolerance welded wire meaning that
the mesh is produced within minute toler-
ances, generally assumed to vary less than
0.13 in (3.2 mm) within a 10 ft (305 cm)
length. The width of the mesh varies great-
ly depending on which species of bird the
cage is designed to accommodate. Larger
birds can have a slightly larger mesh, but
manufacturers are careful to keep the mesh
fairly tight.

Additionally, most American bird cages are
made from galvanized steel as this is a mate-
rial that sturdy and inexpensive, thus keep-
ing the cost of the cage reasonable. Some
bird breeders prefer a stainless steel cage.
However, stainless steel mesh is nearly five
times the cost of galvanized steel mesh and
stainless steel cages can cost in excess of
two hundred dollars.

The Manufacturing
Process

The components of the standard Ameri-

can-made rectangular birdcage includes
four sides of a rectangular cage, a door, a
top, and a plastic or metal tray that serves as
a bottom for the cage. Huge rolls of wire
mesh of varying widths enter the factory as
different widths are used for different parts
of the cage. The large rolls, up to 200 ft (61
m) in length, are constructed of true metal
wire with rounded edges. Some companies
prefer to offer bird cages that do not have
round wire but have flattened mesh. In this
cage, the mesh rolls are automatically fed
into a machine called a cold roller press that
flattens the wire mesh without using heat,
only pressure. Various widths of rolls are
flattened in this fashion; smaller widths used

for doors or specialized parts of the cage are
thus all flattened using the press.

The flattened wire mesh roll is then auto-

matically fed into another machine in
which computer-controlled cutting edges
come down on the roll at periodic intervals
and cut out the side panels of the four-sided
cage. Another feed is used to cut out the top
(from a different width of wire) as well as
the door or any other special piece put into
the designed cage. (All of the blades are
specially programmed to cut out the correct
dimensions of the special panels.)

Next, the panels which have been cut out

of the wire mesh must be physically sep-
arated from the wire mesh. The mesh, with
panels still intact, is fed automatically into
another machine, and the machine uses a
hydraulic punch to remove the panel from
the mesh. This happens with all the compo-
nents of the cage cut out of mesh.

The door panels of the cage must be re-

inforced with another brace or wire
around them. Thus, the door panels are auto-
matically soldered with another band of
wire along the outside of the door. This
strong wire addition leaves no rough edges
of cut gauge, strengthens the door in order
to provide a secure door for the bird, and
provides a stable, consistent edge by which
the door can be hinged to the cage body.

The components are now all cut. The

door must be connected to the front
panel. The door, a bit larger than the open-
ing in the front panel, is attached to the pan-
els with ferrules. An air gun is put up to the
door and the side panel, and an open clip en-
circles the door panel and the front panel. At
least two ferrules are attached to the door
and the front panel and thus serve as hinges.

Most bird owners prefer that their pets

do not sit in cages with a mesh bottom as
it is uncomfortable for the bird to constantly
perch on wire. Furthermore, a fully enclosed
cage is very difficult to clean. Instead, most
bird owners prefer cages with open bottoms
into which they fit a metal or plastic tray
that can be pulled out for cleaning. A plastic
tray is made from plastic pellets fed into a
hopper and melted. The liquid is then inject-
ed into a mold and cooled. The finished tray
is then ejected. A steel tray is made from



thin metal sheets placed in a die. A hy-
draulic punch is released and forces the
metal into the shape of the die.

Many American bird cages are shipped

flattened as shipping costs are too great
to ship them fully constructed. Instead, sim-
ple metal clips are enclosed in plastic pack-
aging in order for the retailer or the con-
sumer to assemble and secure the cage at
point-of-sale or in the home. Thus, the bird
cage is now complete and ready for packag-
ing into cartons.

Quality Control

Quality control is very important in the man-
ufacture of bird cages. Every operator on the
manufacturing line looks carefully for sharp
edges or stubs in the panels that may hurt the
bird. If burrs are found in any of the panels
these must be ground down using a machine
sander. Additionally, the cage must be se-
cure so that the bird does not slip out of any
gaps in the cage should the panels not line up
evenly. Poor registration of the sides and/or
top is primarily the result of poorly-config-
ured mesh wire. It is imperative that the raw
material used in the construction of the bird
cage be very carefully inspected upon re-
ceipt. Most manufacturers only use materials
that are certified meaning they are guaran-
teed to be made to specifications.

Some manufacturers are very careful not to
purchase mesh that is full of drips resulting
from the galvanizing process. These drips
are heavy in zinc, used in the plating
process. Some bird breeders and veterinari-
ans believe that excessive zinc can lead to
zinc toxosis in which the bird is poisoned by
an overabundance of zinc ingested through
nipping at the zinc galvanizing from the
mesh cage. Excessive globs are generally
removed from the mesh for this reason if
they are found upon inspection. A batch of
wire may be rejected if too many such drips
are found upon inspection.

Byproducts/Waste

There is a fair amount of waste that results
from punching out the mesh panels of the
sides, top, and particularly the doors. This
metal waste is gathered up after the panels
are punched out, dropped into a dumpster
and recycled into new wire.

The Future

The future for American bird cage manufac-
turers is a bit cloudy at present. Many bird
cages offered in pet stores and large discount
houses are made out of the country where
labor costs are about one-tenth of labor costs
in the United States. The result is that the
foreign product is often far cheaper than the
American product. Many manufacturers and
consumers agree that the imported products
are far less sturdy and may not pay attention
to issues such as excessive galvanization
which may be harmful to birds. American
manufacturers have dwindled in the last sev-
eral years and many are wary with their abil-
ity to compete with cheap imports.

Where to Learn More
Books

Garrett, Elisabeth Donaghy. At Home: The
American Family Home 1750-1870. New
York: Harry N. Abrams, 1998.

Other

“Bird.” Encyclopedia Britannica CD Edition.
Encyclopedia Britannica, Inc., 1994-1998.

Dale, Steve. “The History of Birds as Pets.”
The Pet Project Web Page. December 2001.
<http://ecol.webpoint.com/pets/birdhist.
htm>.

Oral interview with Willis Kurtz, President
of Safeguard. New Holland, PA. October
2001.

Bird Cage

A standard bird cage.
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Oral interview with Guy Cone, President of
Quality Cage Company. Portland, OR. Oc-
tober 2001.

Nancy EV Bryk



Background

Birdseed is a mixture of seeds, nuts, fruits,
and vegetables provided to birds for suste-
nance. It is produced in a two-stage process
that involves preparing the component in-
gredients then combining them in a mixing
kettle.

Statistics show that the United States is a na-
tion of bird lovers. In fact, feeding and
watching birds has become one of America’s
favorite pastimes. According to the United
States Fish and Wildlife Service (USFWS)
one third of the United States population
feeds wild birds. In a survey done by the
American Pet Products Manufacturers Asso-
ciation (APPMA) it is reported that 6.9 mil-
lion households in the United States have
birds as pets. This fascination with birds has
led to a birdseed industry that dispenses over
500,000 tons of birdseed per year.

History

Humans have a long history of interaction
with the avian world. As far back as the
Egyptian pharaohs and the ancient Romans,
people captured and kept birds for both aes-
thetic and practical reasons. Certainly, mod-
ermn society continues to depend on birds for
food, entertainment, and companionship. In
light of this, then, it is not surprising that the
United States Congress enacted the Wild
Bird Conservation Act of 1992 in an effort
to preserve exotic and endangered birds
around the world.

Even with such a rich history of interaction
between humans and birds, birdseed manu-
facturing did not get its start until the middie
part of the nineteenth century. Many of
today’s American birdseed manufacturers

Birdseed

have similar roots; they were small town
agricultural grain companies with retail
stores. In the 1940s, Simon Wagner of Wag-
ner Brothers Feed Company and Bill Engler
Sr. of Knauf & Tesch (the company is now
known as Kaytee, one of the largest pet food
manufacturers in the country) collaborated
on creating a market for wild birdseed. Up
to that point such a market had never exist-
ed. Creating birdseed was a natural exten-
sion for these feed companies considering
they were already making products that con-
tained the same ingredients. Wagner and
Engler were able to establish a market for
their birdseed relatively quickly. Wagner at-
tributes the early success to the growth of
suburbia after World War II, which led to
new homeowners’ interest in their yards and
the animals that visited them.

Raw Materials

The most commonly used birdseed ingredi-
ents are sunflowers, corn, millet, fruits (such
as raisins and cherries), and peanuts. Many
of these crops come from Nebraska, Kansas,
North Dakota, and South Dakota.

One of the primary ingredients in birdseed is
sunflower seeds. These are four sided, flat
seeds that are about 0.25 in (0.64 cm) and
0.13 in (0.32 cm) wide. The seed coat is
black with gray stripes. The outer coat pro-
tects the inner kernel which is composed of
about 20% protein and 30% lipids. It also
contains a significant level of iron and fiber.
Other seeds that may be used include cot-
tonseed, pumpkin, safflower, hemp, or palm
kemnel seeds.

Cereal grains are another type of ingredient
used in birdseed compositions. Of these
com is one of the most important. About

The birdseed industry
dispenses over 500,000

tons of birdseed per year.
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800 kernels are produced for each ear of
corn harvested. An average center kernel
measures about 0.15 X 0.31 in (4 X 8 mm)
thick and 0.5 in (12 mm) long. Corn kernels
are made up of about 60% starch and 4%
oil. Millet is another grain used. It is smaller
than corn with a length of about 0.15 in (4
mm) and a width of 0.11 in (3 mm). It con-
tains about 11% protein, 3% fat, and 8%
fiber. Its smali size makes it an ideal bird-
seed ingredient, especially for smaller birds.

Peanuts are a groundnut grown on an up-
right plant. Its flowers are fertilized above
ground and then are pushed into the ground
to develop the seeding pods. A pod will
contain anywhere from one to three nuts.
Peanuts are good components for birdseed
because they contain over 25% protein. Ad-
ditionally, they have about 50% oil which
increases their taste appeal for birds. Manu-
facturers must be particularly careful of any
birdseed mixes that contain peanuts be-
cause peanuts can harbor the pergillus
mold. This mold can do serious liver dam-
age to birds.

Fruits are another component material added
to birdseed mixtures. They have a high sugar
content that makes them appealing to certain
bird species. The most commonly used fruits
are cherries and raisins. Cherries are pitted
before they are used and then dehydrated.
Raisins are produced from grapes using a
drying process. They can be either sun-dried
or physically dried by forced-air dryers.

In general, pet bird food is a more complex
mixture including exotic nuts and fruits.
This is because pet birds get all their nutri-
tion from the bird feed that is given to them
by their owners; unlike wild birds that have
access to and utilize other food sources. An-
other interesting additive to some wild bird-
seed is ground hot peppers. It turns out that
birds do not mind the hot pepper taste but
squirrels have a distinct aversion to it. This
prevents squirrels from eating birdseed laid
out for wild birds. Other ingredients such as
algae extract can be added to improve the
tone and color of a bird’s feathers.

The Manufacturing
Process

Making birdseed is a relatively simple man-
ufacturing process. The first phase of pro-
duction involves the procurement of seeds,

grains, and fruit that make up the various
mixes from processors. The second phase
involves blending and packaging these ma-
terials then shipping them to consumers.

Seed procurement

The process of producing birdseed begins

with the procurement of raw materials.
This is an important phase of production be-
cause pure and fresh ingredients are crucial
to the quality of the end product. Birdseed
manufacturers purchase their raw materials
from processors who obtain their grain from
the actual growers or grain brokers.

The processors clean the component

seeds to get them to 98% purity. Once
the raw materials are in the plant, they must
be cleaned further. The cleaning process
consists of sorting unwanted debris and
waste products from the birdseed ingredi-
ents. Typically the raw materials are put
through a three-step air cleaning system that
sorts the quality foodstuff from the waste
(also known as Chilton). The air sorter sepa-
rates the lighter debris such as sunflower
hulls and stems from the raw materials used
in the birdseed mixes. Many manufacturers
use the Chilton to make other animal feed
such as pellets for companion birds. Addi-
tional waste products may be sold to local
farmers for use in their animal feed. Dirt and
rocks can also be removed with a similar
process. Processors may also provide drying
services and some seed treatments to pre-
vent fungal growth.

Once the seed is cleaned and treated, it is

filled into bags, drums, or even trucks
and delivered to the birdseed manufacturer
within one week. Larger manufacturers are
often geographically located near process-
ing companies that clean and store the crops
used to make birdseed.

Next, the cleaned seeds are blended.

Recipes vary depending on the mix, but
all ingredients are automatically measured
and blended in large, stainless steel contain-
ers. In an effort to keep the mixes blended
and consistent from package to package, the
ingredients are continually mixed until they
are deposited into their appropriate packag-
ing. Occasionally, scents, oils (such as anise
or orange oil), or colors are added to the
blends to enhance consumer appeal.
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Packaging

Proper packaging is crucial to the quality

of the birdseed because rodents, mites,
or other pests can contaminate seeds which
in turn can be spread to birds. Packaging
equipment weighs and fills pre-made pack-
ages composed of a variety of materials
from paper to polyester films. The packag-
ing provides a physical barrier between the
feed and potential pests. As a general rule,
companion birdseed typically gets more bar-
rier packaging than wild birdseed.

To minimize infestations by any pests

that may have inadvertently gotten in-
side the bags after packaging, each bag is
flushed with nitrogen. The moisture and oil
content of the grain also has an impact on
the potential for infestations. Seeds with
high oil and moisture content, like sunflow-
ers, require more treatment to prevent infes-
tations or rancidity. Another tactic for cut-
ting down on infestation is to use airtight

bins to house the birdseed ingredients prior
to it being processed.

Quality Control

To ensure that a high quality product is
made, birdseed manufacturers visually in-
spect the raw materials and finished prod-
ucts during each phase of production. Quali-
ty control begins with the raw material
growers. For example, the plants are fre-
quently examined while they are growing to
make sure they are free from disease and
growing properly. If diseased plants are
found, they may be isolated and removed
before harvest. When the birdseed manufac-
turers receive component raw materials in-
spections begin immediately. These ingredi-
ents are subjected to a variety of laboratory
tests to ensure that specifications related to
seed size, nutritional value, and microorgan-
ism contamination are met. After batches of
birdseed are mixed, the finished product is

Birdseed

The manufacturing process of bird-

seed.
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checked to see that the correct proportions
of ingredients were put in each batch.

The Future

Perhaps the biggest issue facing birdseed
manufacturers in regards to pet birds is the
trend in avian nutrition to move away from
birdseed as the main source of nutrition to-
ward pelleted food. Pelleted food is touted as
being “complete nutrition” and, according to
manufacturers, no additional supplementa-
tion is necessary. Manufacturers recommend
using birdseed as a treat or behavior modifi-
cation tool instead of the bird’s mainstay.
The advantage of pelleted food over birdseed
is that it provides a bird with all the neces-
sary vitamins and nutrients required for opti-
mum health. Of course, the drawback to pel-
leted food is that some birds refuse to eat it.
Birdseed is inherently deficient in some im-
portant nutrients like protein and some min-
erals and high in fat (up to 50% fat in some
seed). In the future, birdseed manufacturers
will try to formulate more mixtures with a
more complete nutritional profile.

Another trend in the industry is to make the
industry as a whole more proactive and ho-
mogeneous. Overall, the bird feed industry
is relatively fragmented with cottage-based
industries to massive corporations all pro-
ducing birdseed. As a result, different states
have different regulations and expectations
for quality control. Industry trade associa-
tions have been attempting to deal with the
quality control issue on many levels includ-
ing an attempt to standardize regulations
and expectations from state-to-state. Addi-

tionally, efforts are underway to educate the
entire industry on issues affecting it, such as
noxious weed control in crops.

Where to Learn More
Books

Alderton, David. The Cage Bird Question
and Answer Manual. Barron’s Publishing,
2000.

Armstrong, Holly, et al. Gourmet Bird
Food Recipes. San Leandro, CA: Bristol
Publishing, 2001.

Gallerstein, Gary A. The Complete Bird
Owner’s Handbook. Macmillan Publishing,
1994.

Periodicals

Allen, Carolyn. “We Have Roots: Early
History of the Wild Bird Seed Market-
place.” Birding Business (Summer 2001).

Rouhi, A. M. “Chili Pepper Studies Paying
Off With Hot Birdseed and Better Anal-
gesics. Chemical and Engineering News (4
March 1996).

Other

American Pet Products Manufacturers As-
sociation Web Page. December 2001.
<http://www.appma.org>.

Kaytee Products Web Page. December
2001. <http://www kaytee.com>.
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Background

The name brandy comes from the Dutch
word brandewijn, meaning “burnt wine.”
The name is apt as most brandies are made
by applying heat, originally from open
flames, to wine. The heat drives out and
concentrates the alcohol naturally present in
the wine. Because alcohol has a lower boil-
ing point (172°F, 78°C) than water (212°F,
100°C), it can be boiled off while the water
portion of the wine remains in the still.
Heating a liquid to separate components
with different boiling points is called heat
distillation. While brandies are usually made
from wine or other fermented fruit juices, it
can be distilled from any liquid that contains
sugar. All that is required is that the liquid
be allowed to ferment and that the resulting
mildly-alcoholic product not be heated past
the boiling point of water. The low-boiling
point liquids distilled from wine include al-
most all of the alcohol, a small amount of
water, and many of the wine’s organic
chemicals. It is these chemicals that give
brandy its taste and aroma.

Almost every people have their own nation-
al brandy, many of which are not made from
wine: grappa in Italy is made from grape
skins, slivivitz in Poland is made from
plums, shochu in Japan is made from rice,
and bourbon in the United States is made
from comn. Beer brandy is better known as
Scotch whiskey. It is universally acknowl-
edged that the finest brandies are the French
cognacs that are distilled from wine.

Brandies are easy to manufacture. A fer-
mented liquid is boiled at a temperature be-
tween the boiling point of ethyl alcohol and
the boiling point of water. The resulting va-
pors are collected and cooled. The cooled

Brandy

vapors contain most of the alcohol from the
original liquid along with some of its water.
To drive out more of the water, always sav-
ing the alcohol, the distillation process can
be repeated several times depending on the
alcohol content desired. This process is used
to produce both fine and mass-produced
brandy, though the final products are dra-
matically different.

History

It is unknown when people discovered that
food could be converted to alcohol through
fermentation. It appears that the discovery of
fermentation occurred simultaneously with
the rise of the first civilizations, which may
not be a coincidence. At about the same time
that people in Europe discovered that apple
and grape juice—both containing fructose—
would ferment into hard cider and wine, peo-
ple in the Middle East discovered that
grains—which contain maltose—would natu-
rally ferment into beer, and people in Asia
discovered that horse milk—containing lac-
tose—would naturally ferment into airag. The
first distilled liquor may in fact have been
horse milk brandy, with the alcohol separated
from fermented horses’ milk by freezing out
the water during the harsh Mongolian winter.

It is also not known when it was discovered
that the alcohol in fermented liquids could be
concentrated by heat distillation. Distilled
spirits were made in India as long ago as 800
B.C. The Arabic scientist Jabir ibn Hayyan,
known as Geber in the West, described dis-
tillation in detail in the eighth century. Re-
gardless of its origin, alcohol was immensely
important in the ancient world. In Latin,
brandy is known as aqua vitae, which trans-
lates as “water of life.” The French still refer

Almost every people have
their own national
brandy, many of which
are not made from wine:
grappa in ltaly is made
from grape skins, slivivitz
in Poland is made from
plums, shochu in Japan is
made from rice, and
bourbon in the United

States is made from corn.
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to brandy as eau de vie meaning exactly the
same thing. The word whiskey comes from
the Gaelic phrase uisge beatha also meaning
water of life. People in the Middle Ages at-
tributed magical, medicinal properties to dis-
tilled spirits, recommending it as a cure for
almost every health problem.

Raw Materials

The raw materials used in brandy produc-
tion are liquids that contain any form of

sugar. French brandies are made from the
wine of the St. Emillion, Colombard (or
Folle Blanche) grapes. However, anything
that will ferment can be distilled and turned
into a brandy. Grapes, apples, blackberries,
sugar cane, honey, milk, rice, wheat, corn,
potatoes, and rye are all commonly ferment-
ed and distilled. In a time of shortage, des-
perate people will substitute anything to
have access to alcohol. During World War
I1, people in London made wine out of cab-
bage leaves and carrot peels, which they
subsequently distilled to produce what must
have been a truly vile form of brandy.

Heat, used to warm the stills, is the other
main raw material required for brandy pro-
duction. In France, the stills are usually heat-
ed with natural gas. During the Middle Ages
it would have required about 20 ft* of wood
(0.6 m*) to produce 25 gal (100 1) of brandy.

The Manufacturing
Process

The fine brandy maker’s objective is to cap-
ture the alcohol and agreeable aromas of the
underlying fruit, and leave all of the off-tastes
and bitter chemicals behind in the waste
water. Making fine brandy is an art that bal-
ances the requirement to remove the undesir-
able flavors with the necessity of preserving
the character of the underlying fruit. Mass-
produced brandies can be made out of any-
thing as the intent of the people is to remove
all of the flavors, both good or bad, and pro-
duce nothing but alcohol—taste is added
later. Fine brandies are required to retain the
concentrated flavor of the underlying fruit.

Fine brandy

The first step in making fine brandies is

to allow the fruit juice (typically grape) to
ferment. This usually means placing the
juice, or must as it is known in the distilling
trade, in a large vat at 68-77°F (20-25°C)
and leaving it for five days. During this peri-
od, natural yeast present in the distillery en-
vironment will ferment the sugar present in
the must into alcohol and carbon dioxide.
The white wine grapes used for most fine
brandy usually ferment to an alcohol content
of around 10%.

Fine brandies are always made in small
batches using pot stills. A pot still is sim-



ply a large pot, usually made out of copper,
with a bulbous top.

The pot still is heated to the point where

the fermented liquid reaches the boiling
point of alcohol. The alcohol vapors, which
contain a large amount of water vapor, rise
in the still into the bulbous top.

The vapors are funneled from the pot

still through a bent pipe to a condenser
where the vapors are chilled, condensing the
vapors back to a liquid with a much higher
alcohol content. The purpose of the bulbous
top and bent pipe is to allow undesirable
compounds to condense and fall back into
the still. Thus, these elements do not end up
in the final product.

Most fine brandy makers double distill

their brandy, meaning they concentrate
the alcohol twice. It takes about 9 gal (34 1)
of wine to make 1 gal (3.8 1) of brandy.
After the first distillation, which takes about
eight hours, 3,500 gal (13,249 1) of wine
have been converted to about 1,200 gal
(4,542 1) of concentrated liquid (not yet
brandy) with an alcohol content of 26—32%.
The French limit the second distillation (la
bonne chauffe) to batches of 660 gal (2,498
1). The product of the second distillation has
an alcohol content of around 72%. The
higher the alcohol content the more neutral
(tasteless) the brandy will be. The lower the
alcohol content, the more of the underlying
flavors will remain in the brandy, but there
is a much greater chance that off flavors will
also make their way into the final product.

The brandy is not yet ready to drink after

the second distillation. It must first be
placed in oak casks and allowed to age, an
important step in the production process.
Most brandy consumed today, even fine
brandy, is less than six years old. However,
some fine brandies are more than 50 years
old. As the brandy ages, it absorbs flavors
from the oak while its own structure softens,
becoming less astringent. Through evapora-
tion, brandy will lose about 1% of its alco-
hol per year for the first 50 years or so it is
“on oak.”

Fine brandy can be ready for bottling
after two years, some after six years, and
some not for decades. Some French cognacs
are alleged to be from the time of Napoleon.

However, these claims are unlikely to be
true. A ploy used by the cognac makers is to
continually remove 90% of the cognac from
an old barrel and then refill it with younger
brandy. It does not take many repetitions of
this tactic to dilute any trace of the Napole-
onic-age brandy.

Fine brandies are usually blended from

many different barrels over a number of
vintages. Some cognacs can contain brandy
from up to a 100 different barrels. Because
most brandies have not spent 50 years in the
barrel, which would naturally reduce their
alcohol contents to the traditional 40%, the
blends are diluted with distilled water until
they reach the proper alcohol content.
Sugar, to simulate age in young brandies, is
added along with a little caramel to obtain a
uniform color consistency across the entire
production run. The resulting product can
cost anywhere from $25 to $500 or even
more for very rare brandy.

Mass-produced brandy

Mass-produced brandy, other than having

the same alcohol content, has very little
in common with fine brandy. Both start with
wine, though the mass-produced brandies
are likely to be made from table grape vari-
eties like the Thompson Seedless rather than
from fine wine grapes. Instead of the
painstaking double distillation in small
batches, mass-produced brandies are made
via fractional distillation in column stills.
Column stills are sometimes called continu-
ous stills as raw material is continuously
poured into the top while the final product
and wastes continuously come out of the
side and bottom.

A column still is about 30-ft (9-m) high

and contains a series of horizontal, hol-
low baffles that are interconnected. Hot wine
is poured into the top of the column while
steam is run through the hollow baffles; the
steam and wine do not mix directly. The al-
cohol and other low boiling point liquids in
the wine evaporate. The vapors rise while
the non-alcoholic liquids fall. As the still is
cooler at the top, the rising vapors eventually
get to a part of the still where they will con-
dense, each type of vapor at a temperature
Just above its own boiling point.

Brandy

43



How Products Are Made, Volume 7

The distillation of brandy.

44

wan's nec
Swan's neck

Pre-heater

Boiler —

L Coiled pipe

—Condenser

Once they have recondensed, the liquids

begin to move downward in the still. As
they fall, they boil again. This process of
boiling and condensing, rising and falling,
happens over and over again in the column.
The various components of the wine frac-
tion and collect in the column where the
temperature is just below the boiling point
of that component. This allows the ethyl al-
cohol condensate to be bled out of the col-
umn at the height where it collects. The re-
sulting product is a pure spirit, colorless,
odorless, and tasteless, with an alcohol con-
tent of about 96.5%. At 96.5% alcohol, it
can be used to fuel automobiles. It can be di-
luted and called vodka or diluted and fla-
vored with juniper berries and called gin.

Mass-produced brandies are also aged in

oak casks and pick up some flavors from
them. Like its fine counterpart, the brandies
are blended, diluted to around 40% alcohol,
and bottled.

Quality Control

The quality control process for fine brandies
involves trained tasters with years of experi-
ence sampling brandy. A large cognac
house might have 10,000 barrels of brandy
in its cellars, each of which must be tasted
annually. Hence, most of the brandy “tast-
ing” involves only smelling, as tasting sev-

eral hundred barrels of brandy in a day
would result in alcohol poisoning. The
tasters usually “taste” each of the barrels at
least once a year to assess how it is aging
and to evaluate it for its blending qualities.
Brandies that pick up off-flavors during dis-
tillation are discarded.

As mass-produced brandies are manufac-
tured to be odorless and tasteless, the only
real quality control required is to check
their alcohol content. Because alcohol is
less dense than water, the alcohol content of
brandy can be checked with a hydrometer.
A hydrometer is a glass float with a rod
sticking out the top of it. The rod is calibrat-
ed so that a line on the rod will be exactly at
the liquid surface if the hydrometer is float-
ing in water. As alcohol is less dense than
water, the hydrometer will sink deeper in
alcohol than it will in water. By calibrating
the rod scale with different blends of
known alcohol content, it can be used to
determine the percentage of alcohol in a
water/alcohol mixture.

Byproducts/Waste

The waste products from brandy production
include the solids from the wine production
and the liquids left over from the still. The
solids from brandy production can be used
for animal feed or be composted. The liquid



wastes are usually allowed to evaporate in
shallow ponds. This allows the residual al-
cohol in the waste to go into the atmosphere,
but the United States Environmental Protec-
tion Agency does not consider this to be a
major pollutant source.

The Future

For the foreseeable future, the vast bulk of
all the brandies will be produced in column
stills. However, there is an increasing inter-
est in luxury goods throughout the world.
Not just fine brandies, but Calvados (fine
apple brandy) and slivovitz (fine plum
brandy) are getting increasing amounts of at-
tention from collectors and ordinary citizens.

Where to Learn More
Books

Faith, Nicholas. Cognac. Boston: David R.
Godine Publisher, 1987.

Harper, William. Origins and Rise of the
British Distillery. Lewiston, U.K.: The
Edwin Mellen Press, 1999.

Periodicals

Kummer, Corby. “Don’t Call It Cognac.”
Atlantic Magazine (December 1995).

Other

United States Environmental Protection
Agency. Emission Factor Documentation
for AP-42, Section 9.12.2, Wines and
Brandy. (October 1995).

Jeff Raines

Brandy

45



It is estimated that one
person is killed every 32
minutes and another
person is injured every 26
seconds in alcohol-related

accidents.
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Breath Alcohol Tester

Background

There is a serious need to ensure that alco-
hol-impaired drivers stay off the roads. It is
estimated that one person is killed every 32
minutes and another person is injured every
26 seconds in alcohol-related accidents.
Highway deaths increased slightly from
41,717 deaths in 1999 to 41,812 in 2000.
Forty percent (16,725) involved alcohol, an
increase from 38% the previous year.

Breath alcohol testers (BATs) depend on the
blood to breath ratio. This ratio describes
the relationship between the alcohol content
of the breath and the alcohol content of
blood at any given time. The accepted ratio
of breath alcohol to blood alcohol is
2,100:1. This means 2,100 ml of a deep air
lung sample contains the same amount of al-
cohol as 1 ml of blood. All breath testing in-
struments developed since 1939 use this
ratio. The ratio is guided by Henry’s Law,
which states the quantity of gas that dis-
solves in a liquid at a standard temperature
and pressure are directly proportional to the
partial pressure of that gas in the gas phase.

In order to obtain an accurate reading of a per-
son’s alcohol content the device must test a
person’s deep lung air. The exchange of
gasses, such as alcohol, between the blood
and lung occurs in the alveoli. Each lung con-
tains several million alveoli. If deep lung air is
not exhaled into the device, the sample breath
could be diluted with a lower alcohol concen-
tration. Instruments usually require a person
to blow for a minimum amount of time to en-
sure the air is captured from the deep lungs.

There are two main types of BATs used
today. The first type uses infrared light to
detect alcohol content. This device passes a

breath sample through a narrow band of in-
frared light set to a frequency absorbed by
alcohol. The amount of infrared light not ab-
sorbed by the alcohol tells the concentration
of alcohol in the breath.

The second type of device uses fuel cells
(which rely on chemical reactions) and is
the most commonly used BAT. The alcohol
in a person’s breath is the energy for the fuel
cell. The higher the concentration of breath
alcohol, the more electricity that will be
generated. The device measures the strength
of the current to determine the breath/blood
alcohol content (BAC).

The fuel cell itself varies only slightly from
product to product and is a component that
manufacturers purchase from outside
venders. In a fuel cell, two electrodes are im-
mersed in a liquid electrolyte, a substance
that conducts electricity. An electrode is a
solid electric conductor through which an
electric current enters or leaves. The elec-
trodes are coated with a platinum layer and
have very fine pores. Between the electrodes
is the thin electrolyte layer. The alcohol is
pulled into the fuel cell by a pump and seeps
through the electrodes, where it is then
chemically converted. The fuel results in a
flow of electricity between the electrodes.

The alcohol found in alcoholic beverages is
ethyl alcohol, also known as ethanol. The
molecular structure of ethanol has four
major types of bonds: carbon to oxygen,
carbon to carbon, carbon to hydrogen, and
oxygen to hydrogen. In a fuel cell tester, the
platinum material on the electrodes acts as a
chemical catalyst and ionizes the hydrogen
atoms by taking away their electrons. The
hydrogen atoms are now positive. In this
chemical conversion (which takes place at



the top of the fuel cell) the hydrogen atoms
then move lower in the fuel cell and com-
bine with oxygen. Water is formed and one
electron per positive hydrogen molecule is
absorbed. Now there are more electrons at
the top of the cell than at the bottom. The
two surfaces are connected -electrically
through a wire. The electrons flow through
the wire from the platinum electrode. The
wire is connected to an electrical-current
meter and to the platinum electrode on the
other side. The result is a neutralizing cur-
rent that flows through the fuel cell. The
current indicates the amount of alcohol con-
sumed by the fuel cell. The more fuel (alco-
hol) present, the higher the current.

History

Since the time of Hippocrates (c. 430 B.C.),
physicians have known that human breath
can provide clues to a medical diagnosis.
Breath is one accurate way to measure a per-
son’s BAC because blood goes through the
lungs, the site of gas exchange. The alcohol
molecules are transferred from the blood to
the lung air expelled in a breath.

In 1938, the first BAT was developed by Dr.
R. N. Harger and called the Drunkometer.
The year 1941 brought about the Intoximeter
invented by Glenn Forrester and then the Al-
cometer developed by Professor Leon Green-
berg. These machines calculated the blood al-
cohol to breath alcohol levels of deep lung air
samples. The only way to determine the BAC
before these instruments was through blood
or urine tests. These methods were both time
consuming and expensive. In 1954, the
Breathalyzer was invented by Indiana State
Policeman Robert Borkenstein. This was a
portable, durable type of alcohol testing de-
vice that became the instrument of choice by
police around the country.

Early breath alcohol testers required the per-
son being tested to blow up a balloon. This
ensured that a deep air lung sample would
be taken. The balloon air was then released
over photoelectric chemicals that changed
color in the presence of alcohol; the deeper
the color change, the higher the alcohol con-
tent. This device was often challenged in
court because it could produce false results.
For example, if a person used a mouthwash
containing alcohol before taking the test, it
could result in a higher BAC.

By the 1980s chemical breath tests were
rarely used. Suspects were continuously
challenging the results and courts were
overturning them. Manufacturers focused on
improving the accuracy, speed, and ease of
fuel and infrared BAT use.

Raw Materials

Fuel cell breath alcohol testers are primarily
composed of a fuel cell, pump, mouthpiece,
printed circuit board (PCB), and a liquid
crystal display (LCD) or light-emitting diode
(LED) all contained within a plastic case
generally made from low density polyethyl-
ene (LDPE), polypropylene (PP), or poly-
styrene (PS) plastic. The fuel cell is made
from two platinum coated electrodes and a
permeable electrolyte material. The pump is
made of glass and nylon and used to pull the
alcohol into the BAT. At the heart of the
BAT is the PCB which controls the entire
unit. The microprocessor contains the coding
that the BAT uses to carry out the functions.
The device also uses a LCD or LED to pre-
sent instructions to the user, including the re-
sults or potential error messages.

Both infrared and fuel-cell breath testing de-
vices are used in three different types of in-
struments: evidential, screening, and passive
breath alcohol testers. Evidential BATs col-
lect samples from a person’s breath. The re-
sults are accurate enough that the collected
evidence can be used in a court of law. For
the most part, these devices are large—the
size of a desktop computer—and housed at
the police department. Screening BATs are
typically the most widely used BAC testers
due to their accuracy and portability (they
are about the size of a pocket calculator).
These BAC testers require a person to blow
into the device, and it reads either pass, fail,
or provides a digital readout of the person’s
BAC. Passive BATs are also handheld de-
vices, but require no action on the suspect’s
part. The device takes samples of the air
around a person.

The Manufacturing
Process

The first step in the production of a fuel
cell BAT is to manufacture the case.

Breath Alcohol Tester

47



How Products Are Made, Volume 7

A fuel cell breath alcohol tester.

48

SET READ

e

\ J

Plastic—LDPE, PP, or PS—pellets are fed
into a hopper and heated until they are fully
liquidized.

The hopper then releases the viscous lig-

uid into a plastic injection mold. In this
process, the plastic is poured into a die that
is shaped like the desired case. After the lig-
uid fills the die, it is closed and any excess
material is drained. After the die cools, it
opens and the case is ejected.

The PCB is made from a fiberglass

epoxy resin with a copper coil bonded to
one or both sides. These arrive at the plant
assembled.

Two springs are soldered to the PCB that

will connect to the batteries. When the
case is closed, the battery compartment on
the case lines up with the springs so the bat-
teries are ready to fit in the compartment.

The pump is what draws a person’s

breath inside the testing device to the
fuel cell. The manufacturer takes a three-
volt motor, Pyrex cylinder, nylon piston,
and a stainless steel lead screw. The pump
turns the stainless steel screw and the screw
moves the pistons back and forth, forcing
the breath through the fuel cell. Pyrex is a
heat-resistant, chemical-resistant glass. The
nylon piston is a solid cylinder or disk that

fits snugly into the cylinder. An o-ring, a
small ring made of rubber or plastic, is man-
ually placed on the groove of the piston. The
piston is then lubricated slightly then fit in-
side the Pyrex cylinder. Workers make sure
the pieces are firmly held together. They
then attach the motor and the lead screw to
the pump with bolts.

After the pump is assembled it is tested

on a test jig, a contraption that manufac-
turers build to test products. Every manufac-
turer has their own unique test jig but the
goal is the same for all: to ensure the pump
can properly cycle air in and out numerous
times. Workers hook the pump to a machine
that releases air through the pump about 200
times. They monitor the air current passing
through the pump and make sure it is within
specifications. Specifications require a set
quantity of air moving through the device.

Once the pump is complete the rest of

the pieces are assembled into the plastic
case. The PCB is manually screwed into the
case. Then the LCD is connected to the
PCB. The LCD has a connector on one side.
The connector is attached to a flexible strip
consisting of wires and a flat piece of tape-
like material. Workers push the connector
into the PCB and it snaps into place.

Next, workers fasten the pre-assembled

fuel cell to the rest of the BAT compo-
nents. The fuel cell is attached to a porting
block. The porting block is the plumbing of
the device (a small plastic tube that the sam-
ple air moves in as it heads towards the fuel
cell). Workers attach the fuel cell to the port-
ing block with four screws. The porting block
is then fixed to the microprocessor with two
screws. The pump is attached to the porting
block with piece of silicon tubing. The tubing
ties the pump to the porting assembly.

Once the BAT is completely assembled

manufacturers need to input measure-
ments into the device. Manufacturers set the
device by a process called calibration. Cali-
bration is the process of setting-up the BAT
to a known, standard alcohol level in order
to accurately measure the alcohol concentra-
tion in the breath. The BAT will sample ei-
ther a test gas or solution of a known alco-
hol concentration, called the alcohol
standard. Once tested, the BAT will auto-
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‘I After the BATSs have been tested, they

are packaged and shipped to the
wholesaler or directly to individual cus-
tomers.

Quality Control

Each BAT has a self-diagnosis test built into
the PCB. Manufacturers test all the func-
tions of the device. The units are cycled
through simulators and tested repeatedly.
Manufacturers can run a cycle of 50 tests at
once. For example, the PCB is programmed
to beep when the device has detected
enough deep lung air entering it. It is also
programmed to graph the air being blown.

Manufacturers will push a known amount of
air through the machine to test multiple
functions at once.

When manufacturers have completed their
testing, they send their product to the United
States Department of Transportation. The
Department of Transportation must approve
a device before placing it on their Conform-
ing Products list. In terms of law enforce-
ment, states are required to purchase only
devices on the Conforming Products list.
Government agencies will also only pur-
chase devices from those approved by the
Department. As these markets are the vast
majority of alcohol testing devices sold in
the United States, manufacturers regularly
send their product to a Department of Trans-
portation office for approval.

An example of how a fuel cell
breath alcohol tester works.
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The Department of Transportation tests the
device for performance. Laboratory workers
use a wet or gas solution with a known con-
centration of alcohol. If using a wet bath, the
device is hooked up to an instrument called
a wet bath simulator. The solution is poured
into the simulator and the instrument auto-
matically heats the solution to a temperature
of 93°F (34°C). The simulator has a gas out-
let port. Workers connect a mouthpiece
adapter to the port, then connect Bat’s
mouthpiece to the mouthpiece adapter.
Vapor is pushed from the wet sample simu-
lator into the BAT at a constant rate
throughout the cycle. Workers then program
the unit to 0.01. Testers can determine the
exact concentration of alcohol that emerges
from the solution by knowing the tempera-
ture. The simulator pushes vapor through
the device and testers match up what the de-
vice reads with the known alcoholic concen-
tration. BATs are required to meet specifi-
cations that are set by the Department. For
example, among the requirements made by
the Department of Transportation is that the
device must distinguish alcohol from ace-
tone when alcohol is at a 0.02 level. Labora-
tory workers repeat the test roughly 200
times, using different test conditions. They
vary the known temperature from cold to
warm, such as 50°F, 68°F, and 86°F (10°C,
20°C, and 30°C).

The Department of Transportation also en-
sures that enforcement personnel accurately
use the alcohol-testing device. Law enforce-
ment personnel must pass a certification that
conduct breath alcohol testing by either their
state or local government.

The Future

The push is to manufacture portable devices
that can collect evidence on the spot. To ac-
complish this, there is an increasing move
towards manufacturing alcohol fuel cell de-
vices. As opposed to alcohol infrared de-
vices, the fuel cells testers are much less ex-
pensive. Their accuracy and ease of use is
comparable to infrared testers.

The desire for hand-held BATs made for the
individual consumer market is also growing.
People who want to know if they are over
the legal alcohol limit can test themselves

with these BATs. Establishments that sell
alcohol also are a potential market for these
devices. These products are about the size of
a flashlight and far less expensive than the
devices geared for professionals. They are
not as precise as other testing devices, but
have the benefit of ease and cost.

Law enforcement personnel are one of the
main groups who commonly and regularly
use breath testing devices to ensure drivers
are not under the influence of alcohol. These
devices are also used to ensure alcohol
abuse does not occur in the workplace. The
United States Department of Transportation
requires alcohol testing for millions of safe-
ty-sensitive employees in the trucking, air-
line, rail, transit, and maritime industries.
Testing of these employees is administered
randomly. Non-regulated companies are in-
creasingly administering alcohol tests on
their employees.

In 2001, most states have a legal limit of a
0.1 BAC, with some states enforcing a 0.08.
That translates to the BAC not exceeding 10
or 8 mg per 100 ml of blood.
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Background

A bullet is a projectile, often a pointed metal
cylinder, that is shot from a firearm. The
bullet is usually part of an ammunition car-
tridge, the object that contains the bullet and
that is inserted into the firearm. Cartridges
are often called bullets, but this article will
discuss only the projectiles fired from small
or personal firearms (such as pistols, rifles,
and shotguns).

History

Though there were cast lead bullets used
with slings thousands of years ago, the his-
tory of the modern bullet starts with the his-
tory of firearms. Sometime after A.D. 1249,
it was realized that gunpowder could be
used to fire projectiles out of the open end
of a tube. The earliest firearms were large
cannons, but personal firearms appeared in
the mid-fourteenth century. Early projectiles
were stone or metal objects that could fit
down the barrel of the firearm, though lead
and lead alloys (mixtures of metals) were
the preferred materials by 1550. As manu-
facturing techniques improved, firearms and
lead builets became more uniform in size
and were produced in distinct calibers (the
diameter of the bullet).

The Industrial Revolution produced further
improvements. Firearms with rifled barrels
(spiral grooves inside of the firearm barrel
that impart stabilizing spinning motion to
the bullet) led to the familiar conical bullet.
More powerful smokeless powders replaced
gunpowder (now called black powder) in
the late nineteenth century, but they also re-
quired harsher firearm and bullet materials.
Lead bullets left lead residue in the barrel;
jacketed bullets (a harder metal layer sur-

Bullet

rounds the softer lead core) were developed
to stop this. The familiar metal ammunition
cartridge (containing a bullet, a case, a
primer, and a volume of propeilant) was
common by World War 1.

Raw Materials

Bullets are made of a variety of materials.
Lead or a lead alloy (typically containing
antimony) is the traditional bullet core mate-
rial. Traditional bullet jackets are made of
copper or gilding metal, an alloy of copper
and zinc. There are many other materials
that are used in bullets today, including alu-
minum, bismuth, bronze, copper, plastics,
rubber, steel, tin, and tungsten.

Bullet lubricants include waxes (traditionally
camauba wax made from the carnauba palm),
oils, and molybdenum disulfide (moly).
Modem wax and oil formulas are generally
not made public. Moly is a recent innovation;
this naturally occurring mineral sticks to
metal on contact. The bullet making process
can also use grease and oils to lubricate the
bullet during machining and pressing steps.
This lubrication prevents damage to the bul-
let or the machinery by allowing the bullet
and machinery to move against each other
without sticking. Solvents are used to remove
grease and oil from the bullet afterward.

There are several different uses for ammuni-
tion, such as military, law enforcement,
hunting, marksmanship/target shooting, and
self-defense, each requiring different bullet
performance. There are also legal and public
relations design considerations, such as
lethality, threats to innocent bystanders, en-
vironmental impact, and appearance.

Public outcry in the United
States has been greatest
against socalled “cop-
killer” bullets designed to
penetrate body armor
such as that used by
police, and against
expanding bullets such as
the Black Talon, which has
a tip that opens into six

sharp “claws” on impact.
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Bullet design is dependent on firearm design
and vice versa. The bullet must fit into the
barrel correctly. A bullet that is too small
will not engage the rifling in the barrel, or it
will bounce around in the barrel and not exit
in a straight line. A bullet that is too large
will jam in the barrel, possibly causing the
firearm to explode from the pressure. The
bullet weight must also match the amount of
powder in the cartridge, so that it is fired at
the correct speed.

Bullets are designed using calculations and
data gathered from previous testing (firing)
of bullets. This data can include variables
such as accuracy (whether it hit the target),
precision (whether more than one of the
same bullet type produced similar results),
speed of the bullet, effectiveness at a given
range (distance to the target), penetration
into the target, and damage to the target.
Bullets are then tested against a target which
resembles what they will be used against.
There are several materials used to simulate
the intended target, including bullet gelatin,
a recently developed material used to simu-
late flesh.

Modern bullets can have many different fea-
tures. Some of these features concern the
shape of the bullet and others the materials
of construction. Most bullets look like a
cylinder with a pointed end. The cylindrical
section to the rear of the bullet is the shank
and the pointed section to the front of the
bullet is the tip, though the tip may be flat
instead of pointed. Bullets can be made of
one or more materials.

Bullets made out of only soft material (such
as lead) expand on impact causing more
damage to the target. Bullets made out of
only a harder material (such as steel) pene-
trate further into thicker targets, but do not
expand much. A softer core can be enclosed
or partially enclosed in a layer of harder
metal called a jacket. This jacket can com-
pletely enclose the bullet or it can leave the
softer tip exposed for expansion purposes.
Varying the amount of jacketing alters the
amount of penetration versus expansion.

The shank can have a flat base or a tapered
base (boat tail). The flat base is heavier and
provides greater penetration, but the boat
tail provides greater accuracy over distance.
The base of the shank can also have a base

plate of harder metal to prevent deformation
of the bullet during firing. The base some-
times has a conical indentation (a gas check)
that expands on firing to seal the base of the
bullet against the firearm barrel and trap all
of the energy from firing to propel the bullet
forward. The shank may also have grooves
used to contain lubricating grease that helps
the bullet move freely in the firearm barrel.
Sometimes a single groove, called a can-
nelure, is cut into the bullet to mark how far
the bullet is to be inserted into the cartridge
and to provide a feature to crimp the car-
tridge to the bullet.

The tip of the bullet is usually pointed. This
point may be curved (called an ogive).
Sharper tips provide greater penetration.
Wadcutters are bullets with no point or a
sharp shoulder behind the point used in tar-
get shooting to cut paper targets cleanly.
Semiwadcutter bullets have a flat-tipped
cone tip and can be used for target shooting,
hunting, or self-defense. Target bullets are
light and designed for speed and accuracy in
a shooting range. They are usually not ap-
propriate for other purposes.

Some tips are designed to expand on impact.
This kind of bullet is banned from military
use, but can be used for law enforcement,
self-defense, and hunting. The tip or the en-
tire bullet may be made of a soft material
such as lead, but there are other design fea-
tures that can aid bullet expansion. Hard ma-
terial behind the softer tip provides more pen-
etration and pushes the softer tip forward to
expand more. The harder material can be the
shank, a section of the tip, a partition of hard
metal between the tip and the shank, or even
a hard point on the tip that is driven backward
on impact to expand the softer tip material.

Another feature that provides expansion is a
hollow tip (or hollow point), an empty cone
in the tip that points toward the rear of the
bullet. When the bullet hits the target, the
thin sides of the hollow tip expand outward.
Even harder metals can expand, especially if
they are scored (have grooves cut in them)
to provide places to split apart.

Few bullets have separable parts. Some bul-
lets have sabots, sleeves that surround the
buliet while it is being fired but that fall off
after leaving the firearm. Sabots allow
smaller bullets to be fired from larger



firearms at higher velocities than they would
be fired from smaller firearms. Bullets can
also contain multiple pellets or other parti-
cles that exit the bullet in a spray on impact
or on leaving the target. This provides a
higher chance of hitting something (from
the many particles) or can cause many
wounds in an easily damaged target.

Shotguns often fire shot (many small round
pellets) or solid slugs (large, often soft bul-
lets) out of an unrifled barrel, though some
shotguns have rifled barrels. Air guns fire
solid round or hourglass-shaped pellets.

Military bullets have special features, some-
times also used in law enforcement and self-
defense. In order to get around the prohibi-
tion on expanding bullets, military bullets
can be designed with heavier than normal
back ends so that they tumble into the target
on impact to create a larger wound. They can
also be designed to break apart on impact
with a similar effect. Some military bullets
have incendiary (flammable) material in the
base of the bullet that leaves a visible trail.
This is known as a tracer bullet because it al-
lows the shooter to track the bullet. Incendi-
ary material can also be placed in the tip of
the bullet so that it can start a fire on impact.
Military bullets are usually made of harder
materials or are fully jacketed. They are
often designed for penetration. “Non-lethal”
plastic or rubber bullets are sometimes used
by the military and in law enforcement.
These bullets are designed to temporarily in-
capacitate rioters and demonstrators, but
they have the ability to kill.

Law enforcement and self-defense bullets
should incapacitate the target. Many of
these bullets are designed to expand or shat-
ter after hitting the target, causing maximum
damage. These bullets can be made of hard-
er material that has greater penetration
through materials such as heavy clothing
and body armor. Police and self-defense
bullets should not over penetrate (go
through the target) and endanger bystanders.

Hunters have different requirements for dif-
ferent types of targets. Fast moving targets
require faster, often lighter, bullets. Larger
targets with heavy hides and large bones re-
quire bullets that can penetrate and inflict
enough damage to drop the animal quickly.
There are several different designs that ad-

dress these conflicting demands. Many
hunting bullets are designed to expand. Par-
titioned bullets and partially jacketed bullets
are common for larger targets.

The Manufacturing
Process

There are many types of bullet manufactur-
ers, ranging from large companies and gov-
ernments to smaller custom ammunition
manufacturers to individuals who load and
reload ammunition with a few simple tools.
There are also many different bullet designs
and a lack of consensus about which is most
effective. Because of this, there is no uni-
form method of ammunition manufacture.
Large ammunition manufacturers, including
the United States government, automate
some of the manufacturing steps. At appro-
priate points during the manufacturing
process, special features may be added.

The solid bullet or bullet core

The two most common bullet-forming
methods are casting and swaging. Hollow
points can be formed by either method.
Hard (harder than lead) solid bullets can be
stamped (a metal punch cuts a bullet-shaped
piece out of a bar or sheet of softer metal)
and machined from metal stock. Machining
includes any process where a machine is
used to shape metal by cutting away por-
tions. A typical machine used for bullets is a
lathe. A lathe rotates the bullet metal against
steel chisels to gradually cut away material.

CASTING A BULLET

Casting is pouring molten metal into a

mold. This mold is hinged and when
closed has a hollow space that is the shape
of the bullet. The metal is melted in a cru-
cible (a metal or ceramic pot that can hold
molten metal safely) and then poured into
the mold.

After the metal has cooled, the mold is

opened and the bullet falls or is knocked
out. Any imperfections are removed by cut-
ting or filing. If the bullet is extremely de-
formed, it can be melted down and the
process repeated.

To cast a bullet with multiple sections of
different materials, the first material is
poured into the mold to partially fill it. After

Bullet
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this material has cooled and partially or com-
pletely solidified, the second molten material
is poured into the mold to fill it partially or
completely. This can be done several times,
but most often is done twice to create a bul-
let with a heavier section (for penetration)
behind a softer section (for expansion).

SWAGING A BULLET

Swaging is a cold forming process, which

means that it involves shaping metal with-
out heating to soften or melt it. The appropri-
ate amount of material to be swaged (mea-
sured in grains) is placed in a die. A die is a
harder metal container with a cavity (an empty
space) shaped like the bullet without the back
end. The die is part of a larger stationary object
or is held in place on a platform.

A metal punch that fits into the open end

of the die is forced into the die to the ap-
propriate depth. As the punch forces the bul-
let metal into the die cavity, the material
takes the shape of the cavity. The pressure
can come from a manual or hydraulic press,
from repeated hammer blows, or from a
threaded punch that is screwed on. Excess
metal is squeezed out of bleed holes.

The punch is removed from the die and

the bullet is pushed or pulled out of the
cavity. Any imperfections are removed by
cutting or filing.

Multiple swaging steps can be used to

insert partitions, to create a bullet out of
multiple materials, and to further define the
shape of the bullet. Sometimes several steps
are necessary to add features such as a hol-
low point.

The bullet jacket

Some bullets have jackets of harder metal
surrounding a softer core.

A coin-shaped piece of jacket metal is

punched out of a strip or a sheet. The
punch is usually a round metal cylinder that
is pushed through the jacket material into a
depression in a table. Some punches are
rounded so that the piece of metal is shaped
like a cup. Sometimes, tubing is used in-
stead of a coin or a cup of metal.

If the jacket material is too hard to be
formed easily, it can be annealed. An-

nealing is heating the metal, often with a
gas flame, to soften it and make it more
workable.

The jacket material is then placed in a die

or over a punch and the punch is forced
into the die. There may be several different
punches and dies used to form specific fea-
tures in the jacket. One of usual steps is to
make sure that jacket is of uniform thick-
ness. The thickness is typically 0.03-0.07 in
(0.08-0.17 cm). Some bullets have a thin
jacket electroplated onto the core.

Bullet assembly

Jackets and multiple bullet parts can be

joined by methods such as swaging them
together, casting one section on top of an-
other, soldering, gluing, or electrical weld-
ing. Soldering is a process of joining two
pieces of metal together with solder, an
alloy that is usually tin and lead. The solder
is melted and sticks to both pieces of metal,
gluing them together after it cools and solid-
ifies. Glues for joining multi-part bullets are
usually epoxies, plastics that are formed
from two different fluids that harden when
combined. The epoxy fluids are dispensed
from tubes and mixed, then the pieces are
joined together and held in place until the
epoxy hardens. Electrical welding is the
process of passing a strong electrical current
through two metal parts that are in contact
so that they soften and stick together. If the
joining method is not strong enough, the
bullet may fall apart prematurely.

Next, grooves may be cut or pressed into

the shank of the bullet. The grooves can
be pressed into a soft bullet by rotating the
bullet against a ridge on a metal wheel, or
they can be cut into the bullet on a lathe.
Many cast bullets already have grooves.

‘I The bullet is sometimes coated with a

lubricant, usually wax, oil, or moly,
which reduces bore fouling from soft bul-
lets. Jacketed and hard bullets are not gener-
ally lubricated, though they can be, especial-
ly with moly. Bullets are often degreased
(put in a solvent bath to remove grease from
previous manufacturing steps) before the lu-
bricant is applied.

‘I Wax and oil lubricants can be applied
by rubbing with a soft material such as
a cloth wheel, spraying, pouring, or dipping.



Moly is applied by placing bullets in a con-
tainer of moly powder and rotating the con-
tainer so that the bullet and the moly parti-
cles tumble around until the bullet is coated.

‘I The completed bullets are then manu-
ally removed and packaged.

Quality Control

Many firearm users want consistent perfor-
mance from their ammunition. The larger am-
munition manufacturers responded by insti-
tuting quality control programs in the 1980s
and 1990s. These programs include statistical
process control (SPC), total quality manage-
ment (TQM), and random testing. SPC in-
volves measuring a manufacturing process
and determining statistically how to optimize
it so that it produces correct and consistent re-
sults. TQM is the application of this kind of
quality control to the whole business, not just
the manufacturing part of the business.

Random testing involves periodically taking
a manufactured part and testing it. Complet-
ed bullets are loaded into ammunition and
fired to determine if they perform as expect-
ed. Unfinished bullets can be examined to
determine if they are being produced correct-
ly up to that point in the manufacturing
process. Both finished and unfinished bullets
can be weighed, measured for symmetry
(bullets should be identical along every di-
rection from an imaginary line drawn from
the center of the tip to the center of the base),
and cut apart to make sure that there are no
air spaces and that internal features are cor-
rect (such as the thickness of a partition or a
jacket). Commercial bullet sizes can vary by
thousandths of an inch, but military and high
quality bullets are more uniform.

Byproducts/Waste

Up to 24 toxic materials have been found in
ammunition production. Solvents (often
used to remove oil and grease) are danger-
ous to inhale and can be captured for dispos-
al or purification and reuse, as can any oil.
Scrap metal can be reused or disposed.

The most dangerous raw material is lead. Pro-
duction workers and firearm users can be ex-
posed to dangerous levels of lead from bul-
lets, and firing ranges, including military
ones, are being shut down because of high

lead levels. Lead can also leach into ground-
water, further contaminating the environment.
High levels of lead can lead to government in-
tervention in the clean-up process, needing
years of work to reach acceptable levels.

The Future

Companies continue to improve bullet per-
formance to attract buyers, but social and
political considerations are becoming more
important. Health, safety, and environmen-
tal issues are leading to the replacement of
toxic materials such as lead with materials
such as tungsten, steel, bismuth, and plastic.
Newer materials do not have the same per-
formance characteristics as older materials,
and this leads to newer ammunition designs.

There has been a legal struggle for decades
over the lethality of police and self-defense
weapons. Public outcry in the United States
has been greatest against so-called “cop-
killer” bullets designed to penetrate body
armor such as that used by police, and
against expanding bullets such as the Black
Talon, which has a tip that opens into six
sharp “claws” on impact.

Other innovations may be more radical. For
example, tanks can fire shells with fins that
pop out for stabilization at velocities that are
too high for barrel rifling. This innovation
could be scaled down for personal firearms.
Self-propelled, finned rockets can also be
shot out of pistol-sized launchers, though
this type of projectile may no longer be
called a bullet.

The casting of a bullet.

Bullet
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Background

A candy cane is a hard candy usually pep-
permint flavored and decorated with stripes.
The candy is long, thin, and bent at the top to
resemble a walking cane. These candies are
made using a batch process, which involves
mixing and cooking the candy base, forming
the stick shapes, and putting it in the appro-
priate packaging. First introduced in the sev-
enteenth century, candy canes have been a
favorite holiday candy for hundreds of years.
Today, the candy cane makes up a signifi-
cant amount of the $1.4 billion Christmas
candy market. In fact, billions of candy
canes are made and consumed each year.

Candy canes are traditionally a Christmas
holiday candy. The classic candy cane is a
white candy with red stripes infused with ei-
ther peppermint or wintergreen flavors. They
are usually about 6 in (15 cm) tall and about
0.25 in (6 mm) thick. Over the years, candy
manufacturers have introduced various modi-
fications on this classic look. Today, candy
canes vary in size from about 2-12 in (5-30
cm) tall. Their widths can also vary ranging
from about the width of a pencil to over 1 in
(2.5 cm) thick. A variety of flavors are avail-
able such as apple, watermelon, cinnamon,
strawberry, and even chocolate. The colors of
these products are often modified to better re-
flect the candy’s flavor. For example, a green
apple candy cane might be colored green
with red stripes. Some manufacturers have
changed even the familiar “cane” shape. The
result is a wide variety of candy cane type
products that are sold throughout the year.

History

Candy was made as far back as 3000 B.C. In
fact, the first candy maker was probably a

Candy Cane

caveman who discovered the pleasant taste
of honey from beehives. Archeological evi-
dence indicates that the ancient societies of
Egypt, China, and Greece were all involved
with candy production using honey mixed
with fruits and nuts. During the Middle
Ages, a method for refining sugar from
sugar cane was developed in Persia. Over
the years, this technology was improved and
spread throughout Europe. Various hard
candies and licorice were introduced and be-
came a part of people’s diets.

There have been numerous legends about
the development of the candy cane. These
typically suggest that candy canes were cre-
ated as a religious symbol for early Chris-
tians. Stories say that it was developed to
symbolize different aspects of the burgeon-
ing Christian faith. For example, the red and
white stripes are supposed to represent
Christ’s blood and purity. However, the his-
torical evidence does not support these
claims. In fact, the candy was clearly intro-
duced well after the establishment of Chris-
tianity in Europe.

Candy canes were probably first introduced
over 350 years ago. Professional candy
makers had learned that sugar could be
stretched and rolled into various shapes.
This prompted them to produce straight,
white sugar sticks that were easy to eat.
During the 1600s, people began to decorate
their homes at Christmas time. This typical-
ly involved a tree and various sweets like
cookies, cakes, and stick candy. The histori-
cal evidence indicates that candy canes were
first given the cane shape in 1670 by a Ger-
man choirmaster at the Cologne Cathedral.
He supposedly gave the children who sang
in his choir sugar sticks that were bent like a
shepherd’s staff to keep them quiet during

Today, the candy cane
makes up a significant
amount of the $1.4 billion
Christmas candy market.
In fact, billions of candy
canes are made and

consumed each year.
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long services. The tradition of handing out
these candies during Christmas services
spread throughout Europe.

The candy cane was first introduced to
America in 1847 by a German-Swedish im-
migrant named August Imgard. He decorat-
ed a Christmas tree with candy canes in his
Wooster, Ohio home. Evidently his creation
had inspired others and a tradition was born.

While people had occasionally enhanced the
appearance of the white candy cane with
colored sugar prints, it was not until the
early nineteenth century that candy canes
got their stripes. It is not known exactly who
gave candy canes this characteristic, but
they have been produced that way ever
since. This is also about the time when the

flavors of peppermint and wintergreen were
added to make the product known today.

During the early part of the century, candy
canes were made by hand. This process was
extremely laborious. Candy canes were sold
almost exclusively at a local level. In the
1950s a Catholic priest named Gregory
Keller invented a machine that could make
candy canes automatically. This sparked the
mass production of the candy. Today, over
1.7 billion candy canes are sold each year.

Raw Materials

Confectioners have steadily refined candy
cane recipes and production methods. By in-
corporating new information about the char-
acteristics of ingredients and food production



processes, they have been able to make candy
cane manufacturing an efficient process. The
raw materials used to make candy canes are
specifically chosen to produce the appropri-
ate texture, taste, and appearance. Sweeteners
are the primary ingredients, but recipes also
call for water, processing ingredients, col-
orants, and flavorings.

Sweeteners

Candy canes are primarily made up of
sugar. When sugar (sucrose) is refined, it is
typically provided as tiny grains or crystals.
It is derived from beet and cane sugars. The
sugar used in candy cane manufacture must
be of high quality so that the proper texture
and structure will be achieved. It is the
unique physical and chemical characteristics
of sugar that makes formation possible.
When sugar is heated, it melts and becomes
a workable syrup. The syrup can be manipu-
lated, rolled, and fashioned. As it cools, the
syrup becomes thicker and begins to hold its
shape. When the candy is completely
cooled, the sugar crystals remain together
and form the solid candy cane.

Com syrup is also used to produce candy
canes. It is a modified form of starch, and
like sugar it provides a sweet flavor. When
it is mixed with the sugar, it inhibits the nat-
ural tendency of sugar to crystallize. Crys-
tallization would result in a grainy appear-
ance and a brittle structure. Corn syrup has
the added effect of making the sugar con-
coction more opaque. Without the corn
syrup and other ingredients, the candy
would be transparent. The com syrup also
helps to control moisture retention and lim-
its microbial spoilage. Beyond sugar and
corn syrup, other sweeteners are sometimes
incorporated into the candy cane recipe.
These may include glucose syrups, mo-
lasses, or other crude sugars. Some low
calorie candy cane recipes may incorporate
artificial sweeteners like aspartame.

Processing ingredients

Certain ingredients are put in the candy cane
recipe to aid in production. To dilute the
sugar and make it workable, water is used.
During the manufacturing process the water
is steadily boiled off, and the end product
has much less water than what it started
with. Another processing ingredient is

cream of tartar. This compound has the ef-
fect of producing air bubbles that help ex-
pand the sugar loaf and make it more stable.
Salt also helps to adjust the chemical char-
acteristics of the syrup. Typically, a small
amount is used so that it is undetectable in
the final product.

Colorants and flavorings

A variety of other ingredients may be incor-
porated into a candy cane recipe to produce
various effects. To give the candy flavor and
color, wintergreen or peppermint oils are
added. Other natural flavors obtained from
fruits, berries, honey, molasses, and maple
sugar have also been used in candy cane
production. Artificial flavors have also been
added to improve taste. Additionally, fruit
acids like citric acid and lactic acid can be
added to provide flavor. Artificial colors
such as certified Federal Food, Drug, and
Cosmetic Act (FD&C) colorants are used to
modify the color of the final product. In the
United States, the federal government regu-
lates these colors and qualifies each batch of
colorant produced by the dye manufacturers.
This ensures that no carcinogenic com-
pounds are added to food products.

The Manufacturing
Process

Making the batch

The first step of production involves

blending the ingredients together in a
large vessel. Typically, a stainless steel ket-
tle is used that is equipped with automatic
mixers. Ingredients can be poured or
pumped into the batch by workers known as
compounders. At this step, the water, sugar,
corn syrup, and other processing ingredients
are combined. They are then heated to over
300°F (141.5°C) and allowed to cook until
they form an amber liquid.

Working the candy

While it is still hot, the sugar mixture is

poured on water-cooled tables. The
candy cools slightly and is sent to the work-
ing machines. These devices are equipped
with arms that stretch the candy repeatedly
until it looks silky white.

While the candy is being stretched, a
line worker adds the proper amount of

Candy Cane
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A box of candy canes.
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flavoring. Also, coloring may be added at
this point.

Another worker then takes a large por-

tion (95 Ib [43 kg]) of the warm candy
and forms it into a loaf. Part of the loaf is
put off to the side, dyed, and cut into strips.
For the traditional candy cane, this portion
is dyed red. It will become the red stripes in
the final product. The 4 in-long (10 cm) red
strips are then pressed at set intervals into
the white loaf.

Extrusion and candy forming

The loaf can then be sent to the extruder

machines to convert it into a candy cane.
The loaf passes through the extruder and
comes out the other side on a conveyor as a
long strand of candy. The strand runs under
cutters that slice it at set intervals to pro-
duce individual candies. They are then
passed through a device that bends the
candy. Since the candy is still slightly warm
it can still be shaped as desired. Some ex-
truders can handle over 2,000 Ib (907 kg) of
candy an hour.

After the candy cane is formed, it is put

into its packaging. Some manufacturers
wrap the candy cane in a clear plastic. This
is done right as it is exiting the extruder. The
plastic is then wrapped around the candy
cane and sealed by a heat sealer.

In most instances, a set amount of candy

canes are collected and boxed in sec-
ondary packaging. These boxes are passed
through a shrink-wrap machine and sealed.
This extra layer of packaging ensures that
no moisture damages the product. The
boxes are then put into shipping containers,
put on pallets, loaded on trucks, and deliv-
ered to stores around the country.

Quality Control

Quality control is an integral part of all
candy production. The first phase of control
begins with tests on the incoming ingredi-
ents. Prior to use, lab technicians test ingre-
dients to ensure they meet company specifi-
cations. Sensory evaluations are done on
characteristics such as appearance, color,
odor, and flavor. Other physical and chemi-
cal characteristics may also be tested such as
liquid viscosity, solid particle size, and
moisture content. Manufacturers depend on
these tests to ensure that the ingredients
used will produce a consistent batch of
candy canes.

The next phase of quality control is done on
the candy cane paste. This includes pH, vis-
cosity, appearance, and taste testing. During
production, quality control technicians check
physical aspects of the extruded candy. A
comparison method is typically used. In this
method, the newly made product is com-
pared to an established standard. For exam-
ple, the flavor of a randomly sampled candy
cane may be compared to a standard candy
cane produced at an early time. Some manu-
facturers employ professional sensory pan-
elists. These people are specially trained to
notice small differences in tactile, taste, and
appearance properties. Instrumental tests that
have been developed by the confectionery
industry over the years may also be used.

The Future

Modern candy cane production began in the
1950s. Since then manufacturers have
steadily improved methods. In the future,
improvements will be made to allow for
even faster production with fewer workers.
Improvements in the product may include
lower calorie versions to appeal to more
calorie conscious consumers. Manufacturers
will undoubtedly create new flavors and col-
ors to increase the number of candy canes
sold in a year.

Where to Learn More
Books

Alikonis, Justin. Candy Technology. West-
port: AVI Publishing Co., 1979.

Booth, R. Gordon. Snack Food. New York:
Van Nostrand Reinhold, 1990.



Macrae, R., et al., eds. Encyclopedia of
Food Science, Food Technology and Nutri-
tion. San Diego: Academic Press, 1993.

Walburg, L. The Legend of the Candy
Cane. New York: Zondervan Publishing
House, 1997.

Other

National Confectioners Association. 24 Sep-
tember 2001. <http://www.candyusa.org>.
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The number of cash
registers sold in 1922
alone was over two

million.

Cash Register

Background

The cash register is an essential business
tool that is often overlooked as one of the
transforming mechanizations of the industri-
al age. A cash register records the amount of
a sale, supplies a receipt to the customer,
and keeps a permanent journal of daily
transactions. Today, cash registers are high-
ly automatic, and have many functions that
help in the organized running of a store or
restaurant. A more expensive and complex
register system can be used to keep track of
inventory and signal distant computers to re-
order supplies. It can tally sales by depart-
ment or by class of item, saving managers
time and paperwork. This kind of machine
is most often used by large chain retailers or
restaurants and referred to as a point of sale
(POS) terminal. The POS terminal may be a
hodge-podge of components from different
manufacturers. More conventional cash reg-
isters used by smaller establishments are
generally one-piece machines with a built-in
cash drawer, printer, and display. These are
almost all manufactured in Asia but de-
signed by distributors in the country where
they will be used.

History

The cash register was apparently invented
out of desperation. The creator was James
Ritty, an Ohio restaurateur. Ritty ran a café
in Dayton in the 1870s. The place was popu-
lar and always filled with customers. Never-
theless, the business continually lost money.
Ritty blamed the dishonesty of his bar-
tenders, who either kept money in their
pockets or in an unlocked cash drawer, often
nothing more than an old cigar box. This
loose monetary system did not provide any

way of keeping track of sales. If a customer
returned to a shop after buying something,
saying he had been overcharged or not given
the correct change, there was no objective
way to settle the dispute. The open box also
meant that employees were always within
reach of tempting cash. In Ritty’s time, theft
by clerks was a way of life, and shopkeepers
had little defense against employee dishon-
esty. Ritty changed bartenders many times
but continued to lose money until he was
driven to a nervous breakdown.

To ease his mind, Ritty took a ship for Eu-
rope. On the ship he made friends with the
ship’s engineer, and spent hours in the en-
gine room. There he observed the workings
of an automatic device that recorded the rev-
olutions of the ship’s propellers. From this,
Ritty imagined he could make a similar de-
vice that would record amounts of money
passing through the cash drawer. He reput-
edly cut short his vacation to rush back and
begin work on the prototype. Ritty assem-
bled his first cash register in 1879, and
patented a second, improved register later
that year. Ritty went into business with
“Ritty’s Incorruptible Cashier” after perfect-
ing a third model.

Ritty’s early machines had two rows of keys
running across the front, each key marking a
money denomination from five cents
through one dollar. Pressing the keys turned
a shaft that moved an internal counter. This
kept track of total sales for the day. The
amount of each individual sale was shown
to the customer on a dial similar to a clock
face, with one hand for the cents and one for
the dollars. Because the machine kept a
daily total, any pilfering would be obvious.
A later model kept the clock face and in-
cluded a paper roll punched with pins to



provide a more permanent record for the
shopkeeper. However, Ritty was unable to
ignite any excitement for his new device.
Apparently he made only one sale, which
was to John H. Patterson. Patterson ran a
small coal business, but was so taken with
the Incorruptible Cashier that he decided to
buy Ritty’s company.

Unfortunetely, Ritty had already sold his
business to another party, Jacob Eckert.
Eckert had made a vital addition to the ma-
chine, a bell that rang when a sale was
made. Eckert ran the business as the Na-
tional Manufacturing Company with sever-
al partners. John Patterson arrived in Day-
ton in 1884, eager to buy the small firm.
After making a preliminary deal, he dis-
covered that National Manufacturing was
the laughingstock of Dayton. The company
had not made any money, and no one be-
lieved that it could. Patterson tried to buy
his way out of the contract, but was forced
to complete the sale. Patterson changed the
name of the firm to the National Cash Reg-
ister Company.

The new company quickly improved the
cash register. By 1890, the machines printed
customer receipts as a standard feature. In
1906, the cash register was electrified. The
company made a science of advertising and
selling, becoming the role model for many
other industries with its canned sales talks
and innovative distribution of sales territo-
ries. By 1900, the company had sold over
200,000 registers and sent salesmen through-
out Europe and South America. As early as
1896 it had sales in China, and by the end of
World War I, National Cash Register was
bringing in almost half its sales from over-
seas markets represented by at least 50 coun-
tries. The number of registers sold in 1922
alone was over two million. The company
dominated the industry, buying up competi-
tors when convenient. National Cash Regis-
ter continued to develop its product line,
coming out with new features to respond to
customer demands. By 1944, the company
had applied for 2,400 patents.

With the advent of micro processing tech-
nology in the 1970s, the cash register indus-
try changed. Most of the manufacturing
moved to factories in Asia, and eventually
two basic types of cash register evolved.
One type is the generally low-end, all-in-

one machine usually referred to as an elec-
tronic cash register, or ECR. The other wing
of the industry is the POS terminal, which is
more than a cash register because of its su-
perior data processing ability. Both are man-
ufactured in similar ways, though the ECR
may be shipped to the customer complete
and ready to go, where the POS is made up
of different components that may not meet
up until the customer installs the terminal.

Raw Materials

Raw materials for cash registers are similar
to materials used for other electronic prod-
ucts. The principal components for an ECR
are an Acrylonitrile Butadiene Systrene
(ABS) plastic casing, circuit board, metal
printer, metal cash drawer, ABS plastic key-
board, and a liquid crystal display panel.
ECRs are made at factories that also special-
ize in consumer goods such as televisions
and VCRs. The materials and the construc-
tion process are virtually the same for all
these products. Cash registers differ from
other consumer goods, though, in the impor-
tance of the design process.

Though cash registers are mostly made in
Asia, they are used around the world. All
except the lowest-end products need to be
designed for the country and particular in-
dustry where it will be used. In the United
States, most retailers or restaurants wanting
a more specialized machine order their reg-
isters through a domestic distributor. The
distributor works with the customer to un-
derstand the specific tasks the cash register
needs to perform. Perhaps the register needs
to be able to recall certain records of cus-
tomer transactions. A cash register for a dim
bar may need an easy-to-read display. The
cash register in a restaurant may print one
receipt for the customer, but print different
information in the kitchen, telling the cooks
what to prepare. The cash register distribu-
tor will design the software for these special
functions or have it designed at a software
company. The distributor then approaches
the manufacturer with the list of needed fea-
tures. In some cases, the new features can be
made to fit in a pre-existing model or the
manufacturer’s engineers may have to re-
design parts and processes.

Cash Register
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An early model cash register com-
pored to a modern day POS ter-

minal.
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The Manufacturing
Process

Cash registers are manufactured at large
plants using a classic assembly line system.
Twenty to 25 workers stand in front of a
conveyor belt that may be 200 ft (61 m)
long and move at 2-3 mi (3.2-4.8 km) per
hour. Workers with screw guns and solder-
ing irons attach parts as they come down the
assembly line.

The cash drawer

Workers use lasers to cut the sheet metal to

the customer-specified size. They then put
the flat sheet of metal on the conveyor belt,
which transports the sheet to a punch press.
The hydraulic press has precut shapes that are
clamped onto the sheet metal. The press is
then closed and the shapes are cut out.

As the cut metal exits the punch press,

workers weld the pieces together for the
drawer and drawer case, these are then
painted and dried.

The case and drawer move down the as-
sembly line and workers attach the till
and latch components, which are assembled
out of the country. The cash drawer has a re-
movable till that is opened by releasing a

latch. The latch is activated by an electro-
magnetic device called a solenoid. When a
current flows through the solenoid, it creates
a magnetic field that moves a steel plunger,
releasing the latch. Workers screw and sol-
der the latch bracket sub-assembly and at-
tach it to the back of the drawer.

On the assembly line

Some parts of the cash register, such as

the drawer, may be made as sub-assem-
blies or bought from specialized suppliers.
On the assembly line, workers begin by con-
structing the power supply.

Next, workers manually assemble the

logic board by soldering, screwing, or
snapping the circuits into pre-cut destina-
tions.

Workers build the printer device, the dis-

play panel, and the keyboard, and attach
these to the machine as it passes down the
assembly line.

Finally the casing, which is usually made
of plastic created through injection
molding, is screwed onto the machine. A
certain percentage of the cash registers may
be taken off the assembly line at this point
for quality control testing. The rest run



through a boxing machine, which packages
them securely.

Shipping
The boxes are placed in cartons, and the
cartons are labeled and sent for shipping.

Distributors may warehouse them or send
them directly to customers.

Installation

Because of the complexity of most cash

registers, distributors help install them
for customers and show them how to use the
devices. In the case of a sophisticated POS
the distributor makes sure that the terminal
is properly integrated to work together as it
should.

Quality Control

Quality control may be done both at the
manufacturing plant and at the distributor’s
facility. The amount of quality control dif-
fers with the price of the product. A low-end
ECR may have minimal quality checks. For
a mid-grade machine or component, the
manufacturer may check 10-15% of the de-
vices as they come off the assembly line. On
a top-quality machine, a higher percent-
age—up to 50%—may be checked. The dis-
tributor too generally gauges how much
quality control to do according to the price
and sophistication of the machine. Usually
the distributor plugs in the machines to
make sure the mechanical components are
working. The distributor may leave the ma-
chines, or a sampling of the order, on all
night to make sure they don’t burn out. The
distributor also runs diagnostics on the soft-
ware. Other tests are also conducted de-
pending on the order.

Byproducts/Waste

There are no unusual byproducts or waste
associated with cash register manufacturing.
Used cash registers can be reconfigured and
upgraded. While some distributors concen-
trate on new machines, a subset of the in-
dustry specializes in rescuing used machines
and updating them. Most cash registers used
in the United States are 13-15 years old.
Early cash registers are now highly valued
as collectors’ items.

The Future

Most advances in cash register technology
come from the POS end of the industry,
where large users such as giant chain retail-
ers can take advantage of economies of scale
and employ sophisticated new software or
hardware. Much of this technology eventual-
ly trickles down into ECR manufacturing.
Communications between registers was once
an advanced feature, but it is becoming stan-
dard even on mid-level machines. Cash reg-
ister software is constantly evolving in re-
sponse to pressure from customers.

Where to Learn More
Books

Cortada, James W. Before the Computer.
Princeton: Princeton University Press, 1993.

Crandall, Richard L., and Same Robins.
The Incorruptible Cashier. Vestal, New
York: The Vestal Press Ltd., 1988.

Marcosson, Isaac F. Wherever Men Trade:
The Romance of the Cash Register. New
York: Dodd, Mead & Company, 1945.

Periodicals
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Device.” Computerworld (20 July 1998): 51.

Angela Woodward
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segment of the catheter
industry, the coronary
catheter market, is
expected to reach four
billion dollars by 2003,
growing at 11.2%

annually.
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Catheter

Background

A catheter is a flexible tube made of latex,
silicone, or Teflon that can be inserted into
the body creating a channel for the passage
of fluid or the entry of a medical device. For
many years, the epidermal catheters used
were plain tubes made of available industri-
al compounds, and design was largely based
on current need. In the 1950s and early
1960s, a very common practice was to cut a
suitable length of industrial polyvinyl chlo-
ride (PVC) or nylon tubing and have it ster-
ilized with the other surgical equipment.
Nowadays, there are many specialized
catheter designs. For example, specific
catheter designs allow catheters to be used
in pulmonary, cardiac (vascular), neonatal,
central nervous system, and epidural tissues.
Catheters are designed to perform tissue ab-
lation (tissue removal) and even serve as
conduits for thermal, optics, and various
medical devices.

The three major types of catheters are coro-
nary, renal, and infusion. Coronary
catheters are used for angiography (x-ray of
blood vessels after injection of radiopaque
substance), angioplasty (altering the struc-
ture of a vessel), and ultrasound procedures
in the heart or in peripheral veins and arter-
ies. The best-known renal catheters are
Foley catheters, which have been commer-
cially available since the 1930s. These
catheters are equipped with an inflatable
balloon at the tip and are used for urine in-
continence, dying patients, and bladder
drainage following surgery or an incapaci-
tating injury or illness. The Foley catheter
is relatively easy to use and used through-
out the world in hospitals, nursing homes,
and home-care settings.

History

The earliest precursor to the present day
Foley catheter is documented in 3000 B.C. It
is believed that Egyptians used metal pipes
to perform bladder catheterizations. As early
as 400 B.c., hollow reeds and pipes were
used in cadavers to study the form and func-
tion of cardiac valves.

In 1844, Claude Bernard inserted a mercury
thermometer into the carotid artery of a
horse and advanced it through the aortic
valve into the left ventricle to measure blood
temperature. It is because of his work that
the use of catheters became the method of
standard for physiologists in the study of
cardiovascular blood flow. Adolph Fick
took another major step in the development
of cardiac catheterization in 1870. His fa-
mous note on the calculation of blood flow
is the basis for today’s cardiac procedures.

Among the earliest published descriptions of
human catheterization were done by Frizt
Bleichroeder, E. Unger, and W. Loeb in
1912. They were among the first to insert
catheters into the blood vessels without x-ray
visualization. Interest in catheterization was
also stimulated with the advent of
chemotherapy. Early chemotherapy required
the injection of drugs directly into the central
circulation. Bleichroeder inserted catheters
into dog arteries and assessed the effects
after leaving them in place for several hours.
He reported no complications or clots.

The Foley catheter came into existence in
the 1930s. Frederick E. B. Foley began to
experiment with different catheters of the
time. He realized that urinary catheters
would easily slip out of the bladder because
there was no way to hold them in place.
Foley experimented with different methods
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of securing the catheter until he came up
with the idea of attaching a balloon-like de-
vice to the end of the catheter. The device
would then be able to be placed and then in-
flated from the outside. By 1934, Foley
catheters were on the market. Other than in
material, the Foley catheter remains rela-
tively unchanged in design today.

Raw Materials

Foley catheters are made from either sili-
cone or latex rubber, depending on the use.

Foley catheters are made of latex or silicone
rubber. Silicone rubber catheters are be-
lieved to be superior to latex catheters, as
silicone is more biocompatible, causes less
cell death, less likely to become encrusted,
and more resistant to bacterial colonization.
The catheter can either have two or three
outlets. In a two-way catheter, one outlet
acts a urine output and the other inflates the
balloon. A three-way Foley catheter has the
same function as a two-way catheter, but
uses the third outlet for bladder irrigation.

Foley catheters vary in size from 12 fr to 30
fr (4 to 10 mm) in diameter, with the stan-
dard being 14 fr (4.6 mm). The balloon itself
varies in size from 5 cc to 30 cc, depending
on the needed use. The balloon can either be

filled with sterile water or air. The catheter
can also be attached to a drainage bag.

The Manufacturing
Process

The first step in the manufacturing of a

Foley catheter is the production of the
long, thin tube that will be inserted into the
bladder. The liquid rubber silicone is
poured into a room temperature vulcaniza-
tion (RTV) rubber mold. The mold is
shaped like the desired catheter with either
two or three outputs.

The silicone is then heat cured. This pro-

cedure can take anywhere from 0.5 to 40
hours. Once cooled, the tube is withdrawn
from the mold.

A small opening is then punched in the
distal end of the tube furthest away from
the two outputs.

A thin band of cured latex is slipped

over the tube by hand to form a sheath
around the tube. It is positioned so that the
latex covers the opening that has been
punched in the tube.

To form the balloon, the entire length of
the tube is dipped in latex, which creates
an overcoat layer and bonds the band to the
tube proximate to the distal and proximal
ends of the band, forming the balloon. This

An example of how a Foley
catheter is inserted into the male
and female urinary tract.
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adds to the thickness of the balloon and is
used to adjust the outer diameter of the tube
to the desired size.

The catheter is then transported to the

packaging center where it is put into a kit
with a needleless syringe (to fill the balloon)
and a drainage bag.

Quality Control

Quality control is built into each step of the
manufacturing process. The machine opera-
tions check the final product of each stage
in the process. The thermoplastic materials
are immersed in liquid to ensure that de-
fects are not present and that there will not
be any leakage.

Byproducts/Waste

Any material deemed to be defective is ei-
ther discarded or recycled depending on the
severity of the damage. Since the product is
directly related to human health, the materi-
als must be of the highest quality.

The Future

A new use of the catheter is being tested in
medical facilities for the purpose of dissolv-
ing clots or blockages in the coronary arter-
ies. Once the catheter is positioned in the
coronary artery, the tip of the catheter acts
much like a showerhead, spraying six jets of
saline around the clot. These saline streams
break down the clot and the vacuum-like na-

tures of the pumps force the debris out of
the artery. With the clot gone, doctors can
proceed with balloon angioplasty to repair
the fatty blockage, which caused the clot to
lodge there in the first place. This method
requires only mild intravenous sedation
rather than the general anesthesia that would
be required with bypass surgery. Such new
technology lessens the physical and emo-
tional strain on a patient.

In current ablation systems (catheter used
for tissue destruction), the tip of a radio fre-
quency ablation catheter can become quite
hot. Blood can subsequently form coagulum
on the catheter tip that prevents delivery of
successful lesions. Another advance is ac-
tive cooling of the catheter tip. This allows
higher energy delivery at a cooler tip tem-
perature without an increased risk of coagu-
lum formation. The higher energy results in
a better lesion.

Catheters are also being designed with safe-
ty features to prevent needlestick injuries
along with Silver/Hydrogel-Coated Foley
catheters to resist bacterial infection.

The fastest growing segment of the catheter
industry, the coronary catheter market, is
expected to reach four billion dollars by
2003, growing at 11.2% annually. The
largest segment, however, is the renal mar-
ket, which is comprised primarily of urinary
catheters and dialysis catheters. Currently a
four billion dollar segment, it is expected to
reach 7.1 billion dollars in 2003.

Where to Learn More
Books

Topol, Eric J., ed. Textbook of Intervention-
al Cardiology. Philadelphia: W. B. Saun-
ders Co., 1993.

Periodicals

Mueller, R., and T. Sanbom. “The History
of Interventional Cardiology.” American
Heart Journal 129 (1995):146-172.

Other

United States Patent Web Page. December
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Condensed Soup

Background

Condensed soup is a canned variety of soup
prepared with a reduced proportion of
water. The consumer then adds water or
milk and the mixture is heated. Condensed
soup was developed by John T. Dorrance,
an employee of the Campbell’s Soup Com-
pany, in 1899.

History

The advantage of boiling food in water as
opposed to cooking it over an open flame is
that it produces a denser food. Boiling sever-
al ingredients together causes the flavors to
blend, thus creating a new taste. The practice
of cooking meat in hot water dates to prehis-
toric times. Pots found from the Iron and
Bronze Age excavation sites contain food
residues. The Ancient Romans were known
to eat a type of fish broth. Medieval cook-
books also included numerous recipes for
soups. Robert May’s Accomplished Cook,
published in 1660, included recipes for
“soops” with ingredients such as spinach,
carrots, artichokes, potatoes, and parsnips.

For centuries, soups were poured over toast-
ed bread. In fact, the word soup derives
from the same source as “sop,” a piece of
bread soaked in liquid. In earliest times,
soup was served in a communal pot and the
broth was drunk directly from the pot. This
changed with the invention of the spoon in
the fourteenth century.

The practice of eating soup was not wide-
spread in colonial America although there is
some evidence that members of the upper
and lower classes did enjoy it. In 1742 the
first American cookbook was published in
Williamsburg, Virginia by William Parks. It

included recipes for “Soop Sante,” “Pease
Soop,” “Craw Fish Soop,” and “Brooth.”
German immigrants who settled in Pennsyi-
vania introduced soups made from chicken,
mutton, veal, beef, calf’s head, rice, apples,
and huckleberries. To the Pennsylvania Ger-
mans, soup making and eating was a cere-
monious communal event.

The arrival of French immigrants during the
French Revolution furthered the popularity
of soup. One such immigrant, Jean Baptiste
Gilbert Payplat dis Julien, opened a restau-
rant in Boston in 1794 and became known
as the Prince of Soups. Turtle soup was a
specialty of the house.

Soups soon began to appear in more Ameri-
can cookbooks. The Virginia House-Wife
was published by Mary Randolph in 1824
and included 16 recipes for soup. It also in-
cluded tips such as folding in butter and
flour for a richer soup and using wine, toma-
toes, cayenne, and curry powder for flavor.

However, at the end of the nineteenth century,
soup was still not eaten in the United States to
the extent that it was in Europe, as John T.
Dorrance found after he returned from study-
ing chemistry in Germany. Dorrance’s uncle,
Arthur Dorrance, was an executive with the
Joseph Campbell Preserve Company. At the
time, the company was a produce cannery.
John Dorrance found that there were only two
companies in the United States that were can-
ning soup. Franco-American and Huckens
sold ready-made soups in half-pint, pint, and
quart containers. The soups’ size and perisha-
bility made them difficult to ship and a not-
very-profitable commodity.

Although compressing and concentrating
soup into bouillon cubes was a common

In the United States, 2.5
billion bowls of
condensed tomato, cream
of mushroom, and chicken
noodle soups are eaten

annually.

69



How Products Are Made, Volume 7

70

practice in France, the resulting soup was
often lacking in flavor. Using his knowledge
of chemistry, Dorrance set about to create a
better condensed soup. He reasoned that by
reducing half of the soup’s water, the weight
would be considerably decreased. His chal-
lenge was to create a strong stock that would
hold its flavor when water was added to re-
constitute the soups. In effect, Dorrance was
creating a sauce.

Within a year of embarking on his experi-
ments, Dorrance introduced five varieties of
condensed soup: tomato, consommé, veg-
etable, chicken, and oxtail. At first, Dor-
rance sold his soups door-to-door, working
hard to convince American families that
soup could be easily added to their daily
diet. The ultimate success of Dorrance’s in-
novation made the company profitable for
the first time in its history, and in 1921 re-
sulted in a corporate name change to the
Campbell’s Soup Company.

Dorrance closely guarded his recipes by di-
viding them into two separate parts. One
was the list of ingredients with specific
weights and measurements. The other part
contained the directions for combining the
ingredients. The production process was
also divided between two separate depart-
ments of the company’s plant.

Raw Materials

A wide variety of foods and seasonings are
used to make condensed soup. Meat, such as
beef and chicken, is used to create soup
stock and as an ingredient. Vegetables can
include broccoli, cabbage, corn, green
beans, lima beans, okra, onions, peas, toma-
toes, and white potatoes. Grains include
noodles, rice, and barley. Spices and flavor-
ing include allspice, bay leaves, celery seed,
cloves, curry powder, parsley, pepper, salt,
sugar, and thyme. Flour and mashed sweet
potatoes are used as thickeners. Water is
used in the cooking process, but generally
cancelled out by the thickeners. Vegetable
and soybean oil are used as a coating agent
to prevent spillovers during the cooking
process. Worcestershire sauce is also used
in condensed soups. It is made from an-
chovy essence, clover, garlic, malt vinegar,
meat extract, molasses, shallot, sugar, and
tamarind. Preservatives, such as monosodi-
um glutamate (MSG), may be added to pro-

long the soup’s shelf life. MSG is a salt de-
rived from seaweed and vegetable proteins.

The Manufacturing
Process

The following process is for condensed
tomato soup. Other types of condensed
soups are made in a similar fashion.

Making the stock

‘l Equal parts of lean beef and heavy bones
are placed in 220-gal (833-1) iron kettles
and covered with cold water. The meat is al-
lowed to soak for 15-20 minutes before the
heat is turned on. The water is slowly heated
until it comes to a boil after approximately
one hour. During this process, scum rises to
the top. The scum is skimmed off regularly
by mechanized long-handled skimmers and
discarded.

The stock cooks for six to eight hours,

until the meat is reduced to shreds.
Water is added to keep the stock at a con-
stant level. Spices are blended together and
added to the stockpot. At the end of the
cooking time, the stock is poured off. A
screen in the bottom of the kettle traps the
meat and bones.

Preparing the tomatoes

Tomatoes that pass inspection and re-

ceive a grading of number one are loaded
into hanging baskets and sprayed with water
to remove dirt. After this initial washing, the
tomatoes are conveyed to trays where they
are inspected and washed again.

The tomatoes are fed into a hammermill,

a machine with two sets of interlocking
fingers. The hammermill crushes the toma-
toes to pulp. The pulp is piped into 600-gal
(2,247-1) steam jacket copper breaker ket-
tles. The pulp is simmered in the kettles and
stirred constantly.

The kettles are equipped with spouts. The

cooked pulp is emptied through the spout
into cyclone machines. Spinning blades in
the cyclones force the pulp through a fine
wire mesh that separates out the seeds and
skin. The remaining liquid is piped into
stainless-steel tanks and transported to the
soup-making area. Seeds are saved for future
plantings; skins are discarded.



Seasoning the water

Proprietary amounts of celery seed,

cloves, allspice, and bay leaves are
poured into a kettle and covered with cold
water. The water is quickly brought to a boil
and allowed to boil for about 10 minutes.
The seasoned water is drawn off through
spigots and passed through several cheese-
cloth with varying levels of thickness.

Creating a paste

Flour and uncooked tomato pulp are
combined in an industrial mixer until a
paste is created.

Combining all parts

The cooked tomatoes are piped from the
stainless steel tanks into 110-gal (416 1)

kettles. Raw pulp is gradually stirred into
the kettle until the kettle contains 95 gal
(360 1) of tomato product. Salad oil is then
piped into the kettle.

Garlic and onions, which have been me-

chanically chopped, are mixed together
and added to the kettle. Then the tomato
paste is added. The liquid spices are added
along with pepper, salt, sugar, and Worces-
tershire sauce. The soup is mechanically
stirred during this process.

‘I The soup is boiled for two to three

minutes until the flour thickens. It is
then drawn off through a spigot and passed
through a cyclone machine fitted with a #16
iron sieve and paddle brushes. The paddles
rotate at about 250 revolutions per minute
(rpm). From the cyclone, the soup is piped

Condensed Soup

The manufacturing of fomato soup.
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through a brass wire screen. The wire screen
is tightly woven, about 22 holes to an inch.
As the soup passes through the screen, any
black specks or other materials are sifted out
and discarded.

Canning the soup

‘l The soup is now more similar to a

thick sauce due to the lack of water,
thus making the soup condensed. The soup
is next piped to the canning section where
overhead valves pour it into cans. The
valves are set to release the same amount of
soup into each can. The filled cans are then
mechanically sealed.

‘l The cans are conveyed to a tall, cylin-

drical stearn cooker called a retort.
There the cans are subjected to blasts of heat
for about 30 minutes for sanitation purposes.

‘I The cans are mechanically lifted out

of the retort and placed on a conveyer
belt. Water is sprayed onto the cans to cool
them.

‘I The cans are conveyed to the labeling
station and labels are affixed.

Quality Control

The the quality of ingredients in condensed
soups is extremely important. Some com-
panies, such as Campbell’s, contract farm-
ers to grow crops that are used in their
products for quality assurance. Crops like
tomatoes are processed as soon as possible
after harvesting. The tomato pulp is
processed at harvest and stored so that it
may be used throughout the year. Certain
companies also employ a staff of expert
butchers to prepare the meat for stock and
professional chefs who taste the soup
throughout the manufacturing process. The
United States Food and Drug Administra-
tion (FDA) enforces that many quality as-
surance steps are met. Any soups found to

be harmful to the consumer are recalled
back to the plant.

The Future

Although the production of ready-make
soups has improved and increased since the
early days of the Campbell Soup Company,
condensed soups remain popular among con-
sumers. In the United States, 2.5 billion
bowls of condensed tomato, cream of mush-
room, and chicken noodle soups are eaten an-
nually. Internationally, Campbell’s tailors its
soups to various cultures, making watercress
and duck gizzard soup in China and cream of
chili poblano in Mexico. The company also
promotes the use of condensed soups as
sauces in many recipes. A soup company
must remain competitive in order to keep up
with the consumer’s tastes and price range.
Today, more than one million cans of soup
are used every day, and Campbell’s has 67
varieties of condensed soup. Trends in genet-
ic research may help to grow a larger amount
of above average-sized vegetables for soups.
This would increase the volume that the soup
companies would put out, and perhaps de-
crease the price to the consumer.

Where to Learn More
Books
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Background

The corset is an undergarment traditionally
made of stiffened material laced tight to the
body in order to slim a woman’s waist. Evi-
dence shows that some type of waist-cinch-
ing garment was worn by Cretan women be-
tween 3000 and 1500 B.C., but narrow
waists became the fashion among women in
Europe during the Middle Ages. Women
from that period wore a forerunner of the
corset, called a body or stay, or a pair of
stays. The rigid, bust-to-hip corset became
popular in the sixteenth century and persist-
ed in various guises up through the middle
of the twentieth century. It was considered
beneficial to women’s health by some doc-
tors and writers, while others considered the
constricting garment a virtual torture. Corset
making was a specialized sub-sector of the
garment industry. Tailors called staymakers
were experts in the fitting and forming of
corsets, which were sewn laboriously by
hand. With the development of elastic tex-
tiles, corsets eventually became more yield-
ing. Around the 1930s, women’s fashions
started emphasizing a more natural figure
and the corset gradually became extinct.
The closest thing to a modern corset is the
all-in-one foundation undergarment.

History

Archaeological evidence shows that women
wore surprisingly modern-looking under-
garments as far back as 3000 B.C. in Babylo-
nia. A Cretan figure dating from about 2000
B.C. was unearthed by British archaeologist
Sir Arthur Evans in the late nineteenth cen-
tury. It showed a bare-breasted woman with
a tiny waist cinched tight by what looks like
a ribbed belt. Ancient Greek writings refer
to a women’s undergarment made of linen

Corset

or kid, cinching in the waist, and perhaps
flattening the bust. Roman women also
probably wore some sort of undergarments,
but the general style was for long and loose
clothing. This style persisted, for both men
and women, through the Middle Ages. It
was around 1150 that European women’s
clothing had a recognizable waistline. This
was accomplished by lacing in an otherwise
loose dress. A twelfth century British manu-
script gives evidence of a tightly laced
“shapemaker” worn as an outer garment.

The tailoring skills to make intricately cut
and shaped clothing did not really develop
in Europe until the middle of the fourteenth
century. About this time, women began
wearing an undergarment of stiffened linen,
tightened by front or back laces. In the fif-
teenth century this item was known as a pair
of stays or bodies in English and corps or
cors in French. The English word corset
presumably comes from a version of the
French cors. At first corsets were made of
two layers of linen, held together with a stiff
paste. The resulting rigid material held in
and formed the wearer’s figure.

From the sixteenth century on, corset mak-
ers started using thin pieces of whalebone—
shaped like quills or knitting needles—in
between two layers of corset material. The
whalebone corset was much more confining
than the paste-stiffened one and often worn
in conjunction with other undergarments
that further exaggerated the female shape. In
Queen Elizabeth’s time, the fashion among
the court classes was for a long, stiff corset
reaching from the bust to below the natural
waistline, paired with a huge, whale bone-
stiffened hoop skirt called a farthingale. In
the nineteenth century, women wore their
corsets along with a cage-like hoop contrap-

Evidence shows that some
type of waistcinching
garment was worn by
Cretan women between
3000 and 1500 8.c., but
narrow waists became
the fashion among
women in Europe during

the Middle Ages.
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tion—a crinoline—that held her skirts far
out to the sides and back. The corset also ac-
companied the bustle, a padded device that
emphasized the woman’s backside. Corsets
changed with fashion, becoming longer or
shorter, supporting the bust or minimizing
it, depending on the whim of the day.

Improvements in the manufacture of latex in
the early 1930s led to workable elastic
threads that could be woven or knitted into
fabric suitable for undergarments. Soon the
elastic corset became the norm. This was a
much more flexible garment than the earlier
rigid corset, and as the garment changed the
name changed too. What had been called a
corset became the roll-on, then came the
step-in and the corselette. By 1940,
women’s underwear in Europe and the Unit-
ed States had evolved in favor of a two-
piece arrangement; a brassiere for the bust
and a roll-on or panty-girdle for the waist.
The corset returned briefly after World War
II in the guise of the waspie—a short, boned
corset to wear with the tight-waisted dresses
in high style at the time—but was never an
everyday item again.

Health effects of the corset

European women throughout the Victorian
era wore tightly laced corsets that were as-
suredly uncomfortable and in many cases
actually injurious to health. Young girls
were put in corsets to grow accustomed to
the restrictiveness. Many illustrations and
contemporary references from the turn of
the century depict the painful process of
tightening the corset. The corset wearer
would lie on her stomach on the floor, while
someone else put a foot on her back and
pulled the laces. Women who perpetually
wore tight corsets suffered from a variety of
health problems, including deformed spines
and ribcages, difficulty breathing, and com-
pression of the internal organs. Around the
turn of the century, several corset makers in-
troduced new corsets designed by doctors.
These aimed to support a woman’s figure
without undue compression.

In the early twentieth century, upper-class
women had more access to physical activi-
ties such as sports and bicycling. With the
tango craze just before World War I, women
took to removing their corsets before a
dance. Corset manufacturers introduced

sports and dance corsets to accommodate
these new activities. While some corsets
were becoming looser and more comfort-
able, women were still admonished to wear
them. Though some doctors spoke out about
the danger to women’s health of tight lac-
ing, a conflicting and equally scientific-
sounding opinion claimed that going with-
out a corset was unnatural and unhealthy.
Historical evidence—from the Cretan fig-
urine to cave paintings—was used to uphold
the idea that women had always needed fig-
ure support. One popular opinion was that
evolution was more difficult for women
than for men and the corset was essential to
keep women upright. Thus only a small,
radical minority actually advocated aban-
doning the corset.

Raw Materials

Corsets were made of a variety of materials,
depending on the time period and the fine-
ness of the article. The main fabric for the
body of the corset might have been linen,
stiffened with paste or starch. Lower-class
women would have worn corsets of a cheap,
sturdy cotton cloth. Corsets were also made
of decorative fabrics like satin or silk.

The whalebone used to stiffen corsets was
technically not bone at all but the teeth-like
structures, called baleen, of a baleen whale.
Baleen whales have hundreds of horny
plates arranged in their upper jaws that serve
to sieve tiny marine animals out of the
water. Baleen is somewhat of an intermedi-
ary material between horn and hair, made up
of many parallel hair fibers encased in hard
enamel. Each baleen plate is about 10 in
(25.4 cm) wide and 9-13 ft (2.74-3.96 m)
long. Baleen can split along the parallel
fibers and—when softened by steam—is
easily shaped. Once dry, it holds its shape
proving to be an enormously useful material
for corset-making. Over-fishing led to the
demise of baleen whale populations, and
corset makers were driven to find substitute
materials. They used cane or steel, and later
plastic. The corset maker inserted thin sliv-
ers of whalebone into the corset to hold its
shape. Whalebone was also used in some
corsets for a front piece called the busk. The
busk gave a smooth line to the front of the
corset and was also sometimes made of
wood, horn, or steel.



Metal eyelets for corset lacing were intro-
duced in France in 1828. Elastic was used in
corsets as early as the 1890s, but at first this
material was suitable only for small shaped
pieces called gussets. Around 1930, manu-
facturers learned to extrude latex into long
fibers, making it possible to knit or weave a
variety of elastic fabrics. Elastic became the
norm in corsets and other undergarments in
the 1930s.

Corsets were finished with a variety of dec-
orative effects, including lace and ribbon.
The thread used to stitch the corset together
may have been strong silk or waxed cotton,
depending on the garment.

Corsets were designed to fit exactly to an in-
dividual wearer, otherwise the effect was lost
or the garment would be even more uncom-
fortable. Though a corset maker might follow
a standard design, each had to be modified
for the individual customer’s height, weight,
and figure. For a fine corset, the wearer
would be fitted twice. First, the corset maker
made basic measurements of the customer’s
torso, then cut the material to measure. The
garment was roughly sewn, using long stitch-
es called tacking. The customer was then fit-
ted again and any adjustments noted. The
tacking was undone and the corset sewn back
together, using fine, short stitches.

In terms of the fashion aspect of design, the
corset changed along with the mode of
dress. If dressmakers brought out a line of
small-waisted gowns, then corset makers
obliged them with tight corsets. The fash-
ionable figure of the “Gibson Girl” in the

early years of the twentieth century brought
on a craze for the S-curve corset, which
thrust the bust forward and the hips back. In
the 1920s, the flapper style of dress needed
no corset or only a straight-lined, non-con-
stricting one. As noted above, several doc-
tors designed what they considered healthful
corsets, and corset makers also responded to
cultural trends, such as the tango, by pro-
ducing special use corsets.

The Manufacturing
Process

Corsets were most often made by specialized
corset makers. Elaborate corsets required
great ingenuity in cutting and stitching and
each had to be specially ordered and fitted,
but simpler corsets for every day could be
made at home. The following manufacturing
process is for an eighteenth-century corset
made by a professional corset maker.

The corset maker was usually a man and

his assistants were usually women. He
would start by taking measurements of the
customer, either in her home or his shop.
Then these measurements were used to
make a pattern out of stiff paper.

The corset maker laid the paper pattern

on a heavy material such as cotton drill
or coarse linen. After tracing the pattern, it
was cut out with scissors.

These cut pieces were laid on a different

material (such as muslin) that would
form the softer inner lining. The lining was
also cut from the pattern.

Some corsets also had a third layer, an
outer covering of some fine material

Corset

The basic pattern and construction
of an eighteenth-century corset.
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such as silk. These pieces would be cut in
the same way.

The layers of the corset were then tacked

together (sewn with long, light stitches).
With a ruler, the corset maker made parallel
lines 0.25 in (6.3 mm) apart, marking where
the whalebone would go.

Then tight, straight stitches were sewn
along the lines. This made cases between
the two layers of cloth, to hold the bones.

Usually the corset maker had to cut the

whalebone to size, but by the eighteenth
century whalebone was available already
split into strips. The corset maker cut the
strips to size and rounded and filed the ends.
Then the bones were pushed into the spaces
in the corset pieces.

Next the eyelet holes were made. These
would be punched with an awl and fin-
ished with a buttonhole stitch.

All the corset pieces were then tacked to-

gether. The corset maker steamed the
whalebone into shape with a hot iron, and
the corset was left to dry on a dressmaker’s
dummy.

‘| Now that the corset was roughly put

together, the customer was fitted
again and any alterations were noted. Then
the tacking was undone and the corset was
stitched back together with strong thread
and short stitches.

‘l Once the corset was fitted to the cus-

tomer, the maker added extra shaping
bones and the busk. The busk was made of
whalebone, horn, wood, or steel, and insert-
ed through the center front of the corset. The
corset maker shaped any additional whale-
bone with an iron and inserted these where
needed, such as to hold in the waist or shape
the bust.

‘I Finally a layer of fine cloth was sewn

on top if needed. Other finishing
touches included sewing on loops to hold
petticoats and stockings.

Quality Control

Corsets were generally very finely con-
structed articles made to order, so quality
control was not an issue. In the 1930s, when

corsets were waning in popularity, the
corset industry made a concerted effort in
the United States to train corset saleswomen
in “scientific” fitting. Clerks in department
stores specialized in corset fitting and gener-
ally spent a long time with customers, mak-
ing sure each left with a suitable garment.
Controlling the quality of the fit was very
important and depended on a knowledge-
able sales force.

Byproducts/Waste

The most notable byproduct of corset manu-
facturing was the whale. Though whales
were also hunted for their oil, it is a fact that
the craze for corsets and hoop skirts led to
an over-fishing of baleen whales. By the end
of the sixteenth century, the Atlantic Right
whale was almost extinct in the popular Bay
of Biscay fishing ground. When Biscay
whales became hard to find, the whaling in-
dustry moved to waters off Greenland. This
fishing ground was also seriously depleted
by the late eighteenth century. After the
1840s, Bowhead whale were hunted for
their whalebone, primarily caught by Amer-
ican fishermen in the Arctic. Whale oil was
not used much after the discovery of petro-
leum in 1859, so whales hunted in the late
nineteenth century were killed almost exclu-
sively for their baleen. The Bowhead was
almost completely extinct by the early twen-
tieth century, just as the use of corsets was
declining and new elastic materials made
whalebone obsolete.
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Background

The modern cyclotron uses two hollow D-
shaped electrodes held in a vacuum between
poles of an electromagnet. A high frequency
AC voltage is then applied to each electrode.
In the space between the electrodes an ion
source produces either positive or negative
ions depending on the configuration. These
ions are accelerated into one of the electrodes
by an electrostatic attraction, and when the al-
ternating current shifts from positive to nega-
tive, the ions accelerate into the other elec-
trode. Because of the strong electromagnetic
field, the ions travel in a circular path. Each
time the ions move from one electrode to an-
other they gain energy, their rotational radius
increases, and they produce a spiral orbit.
This acceleration continues until they escape
from the electrode. The accelerated particles
are extracted from the cyclotron when they
reach the end of the spiral acceleration path.
This beam of accelerated subatomic particles
can be used to bombard a variety of target ma-
terials to produce radioactive isotopes.

Various isotopes are used in medicine as
tracers that are injected into the body and in
radiation treatments for certain types of
cancers. Cyclotrons are also used for re-
search purposes in academic and industrial
settings, and for positron emission tomogra-
phy (PET). Positron emission tomography
(PET) is a technique for measuring the con-
centrations of positron-emitting radioiso-
topes within the tissue of living subjects.
The usefulness of PET is that, within limits,
it has the ability to assess biochemical
changes in the body. Any region of the
body that is experiencing abnormal bio-
chemical changes can be seen through PET.
PET has had a huge impact on the clinical
applications of neurological diseases, in-

Cyclotron

cluding cerebral vascular disease, epilepsy,
and cerebral tumors.

History

E. O. Lawrence and his graduate students at
the University of California, Berkley tried
many different configurations of the cy-
clotron before they met with success in
1929. The earliest cyclotron was very small,
using electrodes, a radio frequency oscilla-
tor producing 10 watts, a vacuum, hydrogen
ions, and a 4 in (10 cm) electromagnet. The
accelerating chamber of the first cyclotron
measured 5 in (12.7 cm) in diameter and
boosted hydrogen ions to energy of 5-45
MeV depending on the settings. One mega
electron volt (MeV) is 1.602 X 10" J. (J
stands for Joule, the standard unit for ener-
gy.) The design, construction, and operation
of increasingly larger cyclotrons involved a
growing number of physicists, engineers,
and chemists. Lawrence was never certain
as to whether his research should be classi-
fied as nuclear physics or nuclear chemistry.

Raw Materials

The magnets in the cyclotron are made from
25 tons of low carbon steel with two nickel
plated poles. Physically, the cyclotron
weighs 55 tons, and is located inside an
inner vault with concrete walls and doors
about 6.6 ft (2 m) thick to shield the sur-
roundings from the nuclear radiation present
when the machine runs. Fortunately, most of
this radiation has a half-life of only seconds
to minutes, so there are no long-term waste
disposal problems. Actual dimensions are
approximately 100 X 100.5 X 39 ft (30.5 X
30.6 X 11.9 m). The coils are manufactured
from annealed copper, insulated with fiber-

The earliest cyclotron was
very small, using
electrodes, a radio
frequency oscillator
producing 10 watts, a
vacuum, hydrogen ions,
anda 4in (10 cm)

electromagnet.
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glass and covered with an epoxy resin. The
aluminum vacuum tank is sealed by
polyurethane o-rings. The ion source uses a
tungsten filament to energize the hydrogen
gas and borated polyethylene packing is used
to reduce the build up of thermal neutrons
around components of the cyclotron. The tar-
get changer allows the cyclotron operator to

select different targets on each of the beam-
lines to be irradiated and are made primarily
from aluminum, with a minimum of stain-
less-steel to minimize neutron activation.

The design of the cyclotron varies according
to the specifications of the purchaser. Ebco
Technologies Inc. builds two different types
of negative ion cyclotrons, one capable of ac-
celerating protons to a maximum energy
level of 19 MeV (TR19) and the other capa-
ble of accelerating protons to 32 MeV
(TR32). The standard configuration of the
TR19 cyclotron is with two external beam-
lines but there is a scaled down version with
an option of one beamline. The TR19 stan-
dard target configuration is with two external
beamlines and eight targets. There is a design
option of two to four targets on one beamline,
with the upgrade to up to eight targets at a
later date. The TR19 is also available in a
self-shielded or unshielded configuration.
The self-shielded feature eliminates the need
for a cyclotron vault or major upgrades to ex-
isting facilities. Additionally, the magnet gap
in the TR19 is vertical to minimize space.

The radio frequency (RF) system consists of
a RF amplifier, a coaxial transmission line
from the RF amplifier to the cyclotron, a
power supply, and instrumentation and read-
back devices, an oscilloscope, current/volt-
age, power gauges, and interfaces with the
computerized control system. A mass flow
controller, needle valve, and pneumatic
valve regulate the gas pressure and flow.

A tungsten filament is placed inside the ion
source and when heated will ionize the hy-
drogen gas. A plasma filter is placed on the
ion source aperture to enhance conditions
for negative ion production.

The negative ions generated will be injected
into the cyclotron at its X-axis. The injec-
tion system is manufactured from a set of
steering magnets to focus the negative ions
onto the plane of acceleration by the tilted
spiral inflector.

The Manufacturing
Process

Project teams coordinate conduit, cable
tray, floor duct, and related equipment
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prior to the shipping, rigging, and installa-
tion of the cyclotron and its sub-systems.

The manufacturing process begins with

the 25-ton steel magnet. It is machined
from 10-in (25.4-cm) slabs and placed in-
between the poles of a powerful electromag-
net until the magnetic field area is precisely
measured.

Two nickel plated magnetic poles are
forged from low-carbon steel.

Two magnet coil assemblies are manu-
factured from annealed hollow copper
and harden after being bent into shape. They
are mounted in the yoke of the magnet, con-
nected to water cooling headers, insulated
with fiberglass, and coated in an epoxy resin.

The aluminum vacuum tank is placed

between the nickel plated poles and bolt-
ed into place. The vacuum tank has cryop-
umps that are bolted externally to cool the
tank close to -459°F (-273°C) in order to
freeze out any gases that may be present.

The electrodes are machined from a sin-

gle 0.06-in (1.6-mm) low resistively cop-
per sheet (to optimize the energy transfer
from the RF system to the accelerating hy-
drogen ions), cut out, and etched using boar-
ing tools and drill bits.

Next, the tank is sealed with poly-
urethane o-rings after the copper elec-
trodes are mounted inside. The electrodes
are set, using nylon screws and spacers, into
a round piece of industrial lisex nylon. A

few holes are drilled in the nylon. Two are
for the oscillator wiring. The third is meant
for the vacuum pump; there is also a vacu-
um gauge attached to this port.

On top of the nylon and surrounding the

electrodes is a ring of polyvinyl chloride
(PVC) pipe. This has several holes drilled
into it, the largest of which is the detector
storage tube. Also located in this material
are smaller holes sufficient for supplying a
voltage source to the deflector plate, for the
set screws required to control its position,
and attachment holes for the solid brass
hook that will be used to hang the complete
apparatus on a set of Helmholtz coils.

Atop the PVC pipe is a piece of industri-
al strength clear plastic. This is both to
allow people to see the inside workings of
the mechanism, should anything go wrong,
as well as increase the strength of the casing.

‘I On either side of the PVC is silicon

gel, in order to maintain a sufficient
seal around the main chamber. This is so that
the vacuum will be as efficient as possible.
The vacuum is needed because the alpha par-
ticles are heavily influenced by particles of
any kind, especially air. That is why alpha
particles are considered so safe; by the time
they contact a person through any medium,
their energy has been so severely affected,
they are not able to do damage.

‘l The walls are guided in place by a thin

cut in the face of both the top and bot-
tom sheet and both electrodes are held to-
gether with the use of 2 in (5.1 cm) nylon

Cyclotron

An example of an evacuated ac-
celeration chamber with a close
up of the vacuum chamber.
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screws. No solder was used in these pieces
so as to keep the inner chamber as clean and
constant as possible. In one wall is cut a
window, roughly 0.79 in (2 cm) long.

‘I Pivoted on a nylon screw is a slightly

smaller copper plate (the deflector)
separated electrically from the rest of the
component. Outlying set screws can control
the deflector position and both it and each
electrode have an electrical connection. This
is to allow the oscillator to be supplied to
the electrodes and a large negative charge to
be put on the deflector plate.

‘I The RF system is assembled inside a

19-in (48-cm) square, 6-ft (1.8-m)
high metal chassis. Here, the resistors, trans-
mitters, switches, tuning circuits, inductors,
and capacitors are assembled by hand.

‘I Power supply cabinets are purchased

and assembled for the water-cooled
targets and magnets, ion sources, cryopump,
and the water circuitry.

‘I The ion source will be injected after

assembly of the cyclotron. A magnet-
ic cylinder, 4 in (10 cm) in diameter and 4.7
in (12 cm) long comprises the ion source.
Hydrogen gas will be injected through a
capillary tube.

'I The tilted spiral inflector is enclosed

by a grounded helical shaped elec-
trode. The electrode is machined on a fixed
axis milling machine.

‘| Next, the target bodies are made of

high purity silver, aluminum, and ti-
tanium and designed with helium-cooled
thin foil windows. The two foil windows
separate the target material from the high
vacuum within the cyclotron.

‘I A recirculating closed loop cooling

system is placed in the target services
metal cabinet to cool the foil windows with
high speed streams of helium gas.

‘l The tubing connections, solenoid
valves, water-cooled beam stops, and

electrically isolated collimators are assem-

bled and attached to the target assembly.

2 The target assembly has a solid alu-

minum plug that is pierced by a 4 in
(10 cm) hole that will act as the target colli-
mator.

2 Grooves are machined onto the outside
of the plug, and the o-ring is mounted

to create the vacuum seal between the target

body and the four position target changer.

2 A collimating disc is placed between
the plug and the target body with a
window on both sides.

2 Finally, the entire system is integrat-
ed with supervisory software to con-
trol and monitor the PLC hardware.

Quality Control

Each step of the manufacturing process
must be monitored to ensure that the parts
are of standard quality. If any of the compo-
nents have a crack or leak, radiation may get
into the environment. The steel used in the
magnets of the cyclotron is carefully moni-
tored to ensure it has the desired properties.
Magnetic fields are constantly checked by
Nuclear Magnetic Resonance (NMR).

Byproducts/Waste

The manufacturing process yields 2-3 tons
of metal waste during production. This is re-
cycled for future manufacturing processes.
Due to the number of parts, the excess mate-
rial from the manufacturing of the cyclotron
is large. If any defective parts are found they
are salvaged to the best of their ability, but
the majority are scrapped.

The Future

The improvements in sealing the cyclotron
unit are requiring that less concrete shielding
be provided at the installation site and pro-
vide a safer and more compact cyclotron unit.
More powerful cyclotron units are being de-
signed for commercial isotope production.
The latest series of cyclotrons are state of the
art, compact, strong focusing, four sector
negative ion cyclotrons, with external ions
sources, cryopumps, high precision power
and control systems, and superb manufac-
tured quality. They are now modular in de-
sign and share a common technology irre-
spective of the size and type of cyclotron.

Where to Learn More
Books

Lawrence, Ernest O., and Irving Langmuir.
Molecular Films: The Cyclotron & The



New Biology. New Brunswick: Rutgers
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Periodicals

Burgerjon, J. J., and A. Strathdee, eds. Cy-
clotrons—1972. New York: American In-
stitute of Physics, 1972.
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Diving bells were known
as early as the fourth
century B.C., when they
were observed by the
ancient Greek

philosopher Aristotle.
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Diving Bell

Background

Commercial divers doing underwater con-
struction or salvage often use a diving bell
for transportation to the underwater site. Use
of a diving bell (also known as a Personal
Transfer Capsule, PTC) and a pressure
chamber extends the amount of time a diver
can safely stay underwater. Diving bells
were known as early as the fourth century
B.C., when they were observed by the ancient
Greek philosopher Aristotle. More sophisti-
cated diving bells were devised in the seven-
teenth century. Modemn bells for commercial
diving were developed after World War II,
with the rise of the offshore oil industry.

Commercial diving (diving for pay) is divid-
ed into two main types, surface-oriented
diving and saturation diving. In surface-ori-
entated diving, divers in helmets work un-
derwater, connected to a breathing apparatus
on shore or on board a ship, barge, or plat-
form. Typically divers work in pairs, one
underwater and one at the surface tending
the hoses and equipment. Surface-oriented
divers can work safely at depths up to 300 ft
(91.5 m), but divers can only spend a limited
amount of time underwater. The effects of
water pressure can lead to decompression
sickness. Under pressure, nitrogen collects
in the diver’s body tissue, blocking the ar-
teries and veins. If the diver rises too quick-
ly, the nitrogen forms bubbles in the tissue,
something like the way a soda bottle bub-
bles when uncapped. Gas bubbles in the tis-
sue cause pain, paralysis, or death. After a
deep dive, the diver needs to decompress
gradually, returning very slowly to the sur-
face pressure in order to avoid decompres-
sion sickness. Decompression time is related
to the depth of the dive and the duration.
With a deep dive of only one hour, decom-

pression time can take days. Surface-orient-
ed diving is only practical for small jobs.

The second type of commercial diving, satu-
ration diving, is more useful for large-scale
construction projects. In saturation diving,
divers use a pressurized chamber, sometimes
known as a Deep Diving System (DDS), at-
tached to a diving bell. The chamber and bell
begin on board a ship. A team of divers
boards the chamber, which is then mechani-
cally pressurized to simulate the environment
at the depth of the planned dive. The chamber
is a complete living environment—equipped
with beds, shower, and furniture—and able
accommodate a team of divers for weeks.
When the divers are acclimated, they exit the
chamber through a mating tunnel and enter
the diving bell, which is also pressurized. A
crane lifts the bell off the ship and drops it to
the underwater site. Once at the site, one
diver exits the bell in a diving suit and helmet
and begins working. The other diver remains
in the bell and tends the first diver’s hoses
and equipment. After an interval of perhaps
two hours, they switch. Working from a bell,
the divers may put in an eight-hour day un-
derwater. Then they are ferried to the surface
in the bell, enter the pressure chamber, and
switch with the next shift of divers. When the
entire job is completed, the team decom-
presses in the pressure chamber. Though they
have submerged multiple times the team only
needs to decompress once.

History

A bucket or barrel lowered straight into the
water, open end down, will trap air inside it.
Aristotle wrote of divers using air-filled
cauldrons to breathe underwater. Alexander
the Great was said to have gone to sea in a



diving bell—reputed to be a barrel of white
glass—in 332 B.c. He was said to have
stayed deep underwater for days, though
this is not plausible. There are several refer-
ences to diving bells in the Middle Ages. In
1531 an Italian, Guglielmo de Lorena, made
a workable diving bell that he used to recov-
er sunken ancient Roman ships from the
bottom of a lake. Other bells were invented
and used in various places in Europe, mostly
to salvage treasure. The forerunner of the
modern diving bell was invented by Eng-
lishman Edmund Halley, who is best known
for the comet bearing his name. In 1690
Halley built a diving bell that used leather
tubes and lead-lined barrels to supply fresh
air underwater. His bell was a wooden,
open-ended cone, weighted with lead and
fitted with a glass view port. Inside, Halley
hung a platform for the diver to rest on, and
a contraption of weighted barrels. The bar-
rels were fixed so that when the diver pulled
them into the bell, water pressure from
below forced them to release fresh air into
the bell. Helpers on the surface refilled the
barrels with fresh air. Halley and a team of
divers managed to stay underwater at a
depth of around 60 ft (18.3 m) for as long as
an hour and a half using his bell.

Others duplicated Halley’s achievement, but
the design was not significantly improved
until 1788. In that year, a Scottish engineer,
John Smeaton, made a diving bell that used
a pump on its roof to force fresh air inside.
Smeaton’s bell was used by divers doing un-
derwater bridge repair. A variety of diving
equipment was invented in the nineteenth
century, leading to workable diving helmets
connected by hoses to an air supply on the
surface. This equipment tended to be heavy
and bulky, made with hundreds of pounds of
metal to withstand deep water pressure.
Workers on tunnels and bridges went down
in huge cast iron bells or elevator-like cham-
bers called caissons. As little was known
about the hazards of pressure, many of these
workers sickened and died of what was
called caisson sickness, now know to be de-
compression sickness.

The groundwork for future commercial div-
ing was laid after World War II. The Swiss
diver Hannes Keller used a diving bell in
1962 to reach a depth of 984 ft (300 m). His
bell was at a slightly higher pressure than his
dive site. Keller breathed a mixture of heli-
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um and oxygen through hoses attached to a
machine in the bell. He showed that the div-
ing bell could be a valuable way-station for a
deep diver, supplying not only breathable
gas but also electricity, communication de-
vices, and hot water to heat the diving suit.

Saturation diving was made possible by the
work of Dr. George Bond, director of the
United States Navy Submarine Medical
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