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Papers



Bernard Gitton’s Incredible Water Clock
by
David Wedsworth
Eli Lilly, Indianapolis, IN 46285

Dr. Bernard Gitton is a French mathematician and physicist. As a young man he earned
two doctorates in nuclear physics and later worked at the National Center for Scientific
Research, the Curie Laboratory and another Lab in Orsay, France. In the laboratory he
discovered that many functional things were also very beautiful and it became his
interest to combine art and science to show that physics was not all daunting and boring.
Since 1979, he has successfully pursued this dream.

Inan interview, Dr. Gitton refers to a French saying, “le temps s’écoule” or “time flows.”
It is a common expression but one that reflects one of man’s most ancient means of time
measurement, the flow of water. A Clepsydra is a device that marks time by measuring
the flow of water through a small orifice. Invented in ancient Egypt, the water clock was
considered a major breakthrough because, unlike the sundial, it could function day or
night and rain or shine. Clepsydras were greatly improved upon and remained popular
through the seventeenth century but, even with better designs, water clocks were not very
accurate due to physical variances such as temperature and barometric pressure. With
the invention of the pendulum in the eighteenth century, a far more accurate system,
interest in clepsydras faded. For aesthetic reasons, Mr. Gitton decided that combining
the flow of water with the pendulum would create a fascinating time device, and he has
certainly succeeded.

Gitton’s clocks range in size from six feet to forty-six feet tall and there are fifty or so
located around the world. There are eleven of the large clepsydras located globally with
one each in France, Japan and The United States, and two each in Brazil, Indonesia,
Portugal and Germany.

It takes three men six to eight months to fabricate, assemble, test and install one of the
large clocks. The many components of the clock fit together through a variety of gaskets
and compression fittings. Nothing is actually fused together upon installation. The
capacity is 200 liters or 53 gallons and consists of 50% de-ionized water and 50% methy!l
alcohol. The alcohol is added to prohibit algae growth and the mixture can be colored
to suit the desire of the client. At the Indianapolis Children’s Museum the clock contains
blue liquid.

Standing 13 meters or 46 1/2 feet tall, the clock consists of many blown glass globes,
hollow discs, two holding tanks and a pendulum. There are twelve globes on the left, each
with a corresponding number representing one hour. On the right are thirty hollow discs
each representing two minutes and numbered in ten-minute increments. You can tell the
time of day by the number of hour globes and minute discs which are filled.

The design of Gitton’s clepsydra is ingenious and the hydrodynamics are as follows: the
liquid in the large tank at the top flows through two circuits which are separate yet
interact. To set the clock in motion, water pours into a scoop-shaped container (“C” as



shown in blueprint) that, when filled, causes the pendulum to move. At this first stage
of flow, the water is the “motor” which oscillates the pendulum. This movement is a
timing device thatregulates intervals of water and triggers the events to follow. The only
moving part on the clock is the top of the pendulum which pivots on a pair of needle
bearings. The clock is entirely gravity-driven with the exception of an electric pump used
to fill the upper holding tank.

Responding to the pendulum oscillations are a series of five siphons which receive
intervals of water from the scoop as it fills and dumps. The siphons divide the pendulum
oscillations so that the fifth one (S5) will cycle at two-minute intervals. At the end of this
interval, the fifth siphon drains into the lower tank and a reduction in pressure occurs
which activates the second circuit. The resulting vacuum triggers a waiting bulb (F2)
whose volume siphons into a two-minute disc.

When the thirtieth disc is filled, the pressure of the entire minutes column pushes over
another siphon (S.M.) and once again a vacuum is created. This suction, occurring at a
sixty-minute interval, triggers a second bulb (D) whose volume siphons into the next
hour globe. Simply put, the clock follows the principle of numeration or the counting of
controlled intervals.

Without question the most popular time to observe the clock is at the stroke of mid-day.
At the end of the noon hour, the minute column siphons once again, but this time, the
pressure of the entire hour-column pushes over yet another siphon (S.H.) and the entire
sequence begins again at 1:00 thus completing the twelve-hour cycle.

As a technical achievement alone, Gitton’s clepsydra is phenomenal. As an artistic
statement, it is pure poetry in motion. Combining the serene quality of fluid motion with
the mystical wonder of time flow, it invokes feelings that enchant both the young and old
alike.

I would like to thank the Children’s Museum of Indianapolis for their cooperation and
a special thanks to Mr. Bernard Gitton for his permission and for his incredible Time
Flow clock.






The Corning Connection
by
Sally Prasch

The Corning Museum of Glass
Corning, New York 14830

The Corning Museum of Glass in Corning NY has recently opened a new educational
facility to teach many different aspects of glassmaking including scientific glassblow-
ing. Corning has named the new department The Studio. With more than 5,000 square
feet of space and a wide range of courses year round, The Studio offers participants at
all levels of expertise an opportunity for hands-on learning about glass. The Studio was
designed to provide a creative environment for learning, experimentation and collabo-
ration. As part of The Corning Museum of Glass, The Studio offers access to the world’s
greatest glass collection and library on glass.

Corning is located in the southwestern section of the Finger Lakes Region of New York
state. The Corning area is known for wine industry, museums, summer theaters, fall
foliage, nature centers and the large state forests. Of course the main attraction is The
Corning Museum of Glass.

Dedicated to the history, art and science of glass, The Corning Museum first opened its
doors on May 19th, 1951. Unfortunately, in 1972 a devastating flood generated by
Tropical Storm Agnes submerged the collections under nearly 5 1/2 feet of water. Five
hundred glass objects were broken and half of the library was covered with water. On
May 28th, 1980 a new building was opened. Its unusual shape relates closely to glass
making and to the Museum’s collection. The galleries within the irregular outline were
designed to reflect the amount of glassmaking activity during different periods through
the centuries. The library is the core of the Museum. Around it stretches a time tunnel
illustrating three thousand five hundred years of glassmaking history.

The Rakow library located in the center of the museum is the foremost library in the
world on the art and history of glass and early glassmaking. The book and periodical
collection of approximately 70,000 volumes includes publications in 41 languages,
ranging in date from a 12th century manuscript to the latest biographies of 20th century
glass artists. The glass researcher will find, either in the original or copied on microfilm,
an extensive collection of glass factory correspondence, trade catalogs, directories,
patents, auction catalogs, posters and designs by artists like Tiffany and Lalique.
Currently the library receives almost 850 magazine titles, including Fusion. The library
also has an extensive audio-visual collection including slides, films, videos and tapes.

You may also see exquisite crystal objects being created by master crafts people in the
Steuben Factory. From the start of the blown glass to copper weal engraving to the final
polishing touch, Corning lets you view all aspects of the Steuben process.

What better place for a glass school; Corning has it all. This is the first summer The
Studio will be in operation. Classes concentrating on glassblowing and flameworking












Design and Fabrication of a Quartz Furnace Insert for
the Measurement of Electrical Conductivity of Magnetic

Materials
by
Christian Boussert and Dr. J.F. DiTusa
Louisiana State University, College of Basic Sciences
Baton Rouge, LA 70803

Abstract: This paper will use the design and fabrication of a quartz furnace insert
along with a few other projects to illustrate one of the main roles of scientific
glassblowers employed by research institutions. This role is the translation of ideas
conceived by scientists into functioning and aesthetically pleasing apparatus using
ingenuity, astuteness, and knowledge of glass, in addition to the manual skill of a
fabricator.

In December 1994, Dr. DiTusa from the Physics Department at LSU came to the
glassblowing shop with an idea about making a quartz tube insert for the measurement
of electrical conductivity of magnetic materials. He reminded me that in order to have
a complete description of the interplay between the magnetic and electrical properties
of a material, high temperature
s - «| conductivity must be taken into

#) sét Tirs consideration. However, at tem-
Jlass bowiny shop  F-6H g9 Jyfy| Deratures much above roomtem-
T ks SITPOL b Quada perature many materials will be-

g fak g 'y @

come either oxidized or reduced
~| in an environment open to air.

5 I Thus it is difficult to measure the
=0 |

A - intrinsic conductivity of a mate-
————— I\ | rial withoutachangeinitschemi-

cal composition.

2t 5" -
A gas was chosen based on the
.&;h View .

o chemistry of the sample so that
= the sample stoichiometry (the
f}’j';;aﬂoq . quantities of chemical elements
involved in a chemical reaction)
6 vew remained constant dqring mea-
. surement. The experiment was
¢ l\%é(w . to run from 30° to 1000°C. Next,
Dr. DiTusa showed me his sketch
o View (fig. Al). Essentially, he needed

a quartz tube of 1" o.d. and 18"
R long with an inlet and outlet for
R fis A, the gas and a tube that would
slide inside. This 1" o.d. tubing

should not leak.

Figure Al
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Photo F1
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the College of Basic Sciences who made it possible for me to present this paper and to
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Detection of NO, by Open Path FTIR

During The Glassblowing Process
by Eugene Billiot, Stefan Thibodeaux, Christian Boussert,
Vincent Guerrini and Isiah M. Warner*

Department of Chemistry, Louisiana State University
Baton Rouge, LA 70803

Abstract

Open Path Fourier Transform Infrared Spectroscopy (OPFTIR) is used to measure the
concentration of NO, to which workers in the glass shop at Louisiana State University
are exposed. The NO, is monitored under various conditions while glassblowers are
working with various high temperature flames.

Introduction

It is well established that some potentially hazardous gases are produced during the
glassblowing process. The most insidious and toxic of these gases is nitrogen dioxide
(NO,). Nitrogen dioxide is produced from nitrogen (N,) in the atmosphere combining
with oxygen (O,) to form nitrogen monoxide (NO). For this reaction to occur, a certain
amount of energy must be added to the system (43,200 calories/mole). During the
glassblowing process, high temperature flames are sometimes used, especially when
working with quartz. These high temperature flames supply the necessary energy for
nitrogen and oxygen to combine to form NO. The NO then reacts spontaneously with the
oxygen in the air to form NO,. Nitrogen dioxide, which is a reddish brown gas, can then
combine with the moisture in the air to form nitric acid (HNO,) and NO. The NO can then
react with oxygen to form more NO,. The above reactions are expressed in chemical
equation form as: -

N, + O, i 2NO ( - 43,200 calories)
2NO + O, - 2NO,

3NO,+H,0 w=mii— >HNO, + NO (and so on)

Several chronic and acute health effects have been linked to exposure to NO,. Some of
these are listed below.

Acute (short term exposure) Health Effects:

*  Exposureto 1.6 ppm for 3 minutes causes an increase in airway resistance in chronic
bronchitis

«  Exposure to 50-110 ppm causes inflammation of the lungs for a period of 6-8 weeks
after which time the subject usually recovers

»  Exposure to 150-200 ppm causes bronchiolitis fibrosa obliterans, a condition fatal
within 3-5 weeks after exposure

* Author to whom correspondence should be addressed.
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Figure 1. Instrumental configuration of sample collection system.

In order to eliminate interference from moisture, the air was dried prior to analysis by
passing the air through a cryogenic trap, see Figure 1. The cryogenic trap consisted of
two vacuum traps in series followed by about 25 feet of teflon tubing all of which was
immersed in a bath of acetone/dry ice. The air sample was introduced into the system by
applying a vacuum on the outlet side of the White cell with the inlet side of the White
cell connected to the outlet end of the cryogenic trap. The air sample was collected using
a stainless steel funnel attached to the teflon tubing which was connected to the inlet end
of the first vacuum trap.

Before each run, prior to igniting torches, a background spectrum was collected. The
background spectrum consisted of 25 scans at a resolution of 0.5 ¢cm . During the run,
sample spectra were collected every minute using the same parameters as the back-
ground spectrum. The sample spectrum were then ratioed against the background
spectra to yield the absorbance spectra. Next, the absorbance spectrum was subtracted
from the library spectra to obtain the concentration of NO,, in ppm-meters. The
subtracted result was then divided by the path length of the white cell, which was 10
meters to yield the concentration of NO, in ppm.

The experiments were divided into two parts. In the first part, measurements were taken
while heating a large diameter quartz tube on a lathe. The setup of the lathe and the
instrument is shown in photos 2 and 3. The measurements were taken next to the lathe
operator, as close to his head as possible so as to be representative of the true exposure
to the worker. Two different fuels were used for glassblowing in this part of the study,
natural gas and hydrogen. In both cases, oxygen was added to the system to yield a
cleaner hotter flame. The torch used on the lathe was a Litton 14-fire 7-jet swivel burner,
a closeup of which is shown in photo 4. In the second part of the study, measurements
were taken at different areas around a work bench while two glassblowers were
performing routine work at a table 7 feet wide with an 18 [/2 inch high partition in the
center of the table between the two workers. Photos 5 and 6 show the setup used in this
part of the experiment. The torch used in this part of the study was a Carlisle (CC) burner
model # 10A001.
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Figure 2. Measurement of NO, versus time using a natural gas flame.

EPA or OSHA limits if the time of exposure exceeded 15 minutes in the case of OSHA
orone hourin the case of EPA. At times, the concentration of NO, was as high as 40 ppm,
which is dangerously close to the 50- 100 ppm concentration which can cause inflamma-
tion of the lungs for a 6-8 week period.

In the next experiment, three 15 minute runs were made: two with the hood off and one
with thehood on. These runs were also done with a natural gas flame. As canbe seen from
Figure 3, the hood that was used seemed to be ineffective for work on the lathe. The
concentration of NO, that the worker was exposed to was the same with the hood turned
off or on. It is obvious from this data that the hood system by the lathe was inadequate
for the work being done. The hood, which was about two to three feet from the worker’s
head, probably could not pull enough draft to compensate for the turbulence created by
the large flame surrounding the bottom third of the quartz bottle.

15

—+— Hood off

10

--A-- Hood off

--©-- Hood on

Concentration of NO2 (ppm)

O

0 1 1
0 5 10 15
Time (minutes)

Figure 3. Comparison of NO, measured with hood on and with hood off.
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Experiments with a hydrogen flame:

Two sets of experiments were performed with a hydrogen flame. In the first experiment,
alow temperature hydrogen flame was used and measurements taken over a fifty minute
period (Figure4). Attwenty minutes, the flame was turned off. The concentration of NO,
slowly decreased over the next fifteen minutes. In the next experiment, with the
hydrogen flame, a higher temperature flame was used. Measurements for this experi-
ment were taken over a thirty minute period (Figure 5). At ten minutes the hydrogen tank
began to deplete and at 16 minutes the flame was extinguished. For this experiment, the
concentrations of NO, reached nearly 100 ppm. This is a potentially very dangerous
concentration. As stated earlier, concentrations of 150-200 ppm can cause bronchiolitis
fibrosa obliterans, a condition fatal within 3-5 weeks.
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Figure 4. Measurement of NO, versus time using a low temperature helium flame.

120 - - - — -

100 — -

80 - 1

60 - - ) S

40 - - —

g 111"

0 _II ) ! HER | [T
0 5 10 15 20 25

Time (minutes)

Concentration of NO2 (ppm)

Figure 5. Measurement of NO, versus time using a high temperature helium flame.
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Measurements at the work bench:

In the second part of the study, measurements were taken at several locations on a work
bench while two workers performed routine work. The protocol was as described in the
experimental section. This experiment consisted of 15 minute measurements at three
separate locations on the work bench. Two of the sets of measurements were taken next
to the two workers, which were on opposite ends of the table, and one was taken at the
center of the table between the two workers. There was no measurable level of NO, next
to the two workers. At the center of the table, concentrations of almost 10 ppm were
detected, (Figure 6). At nine minutes, the flame was turned off and the concentration of
NO, rapidly fell to undetectable levels.

T —
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0 i I.-- |
0 5 10
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Figure 6. Measurement of NO, at center of work table.

Concentration of NO2 (ppm)

Conclusions

The results of these preliminary studies indicate that a potentially very serious situation
exists when working on a lathe with high temperature flames. The results showed that
the ventilation system used in the glassblowing shop under study was inadequate to
protect the workers from harmful concentrations of NO,. Subsequent examination of the
hood system throughout our building showed that many of our systems were not
functioning properly. Corrective measures to eliminate this problem are underway.

Our studies also show, as would be expected, that as the temperature of the flame
increased so does the concentration of NO,. Finally, the results also indicated that, under
the conditions studied, the work bench area was adequately ventilated so that the workers
were not exposed to any measurable amount of NO,.
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Etching or Frosting of Glass
by
Don Lillie
Lillie Glassblowers
Smyrna, GA 30082

There are several definitions in reference to abrading the surface of glass mechanically.
Sandblasting, to me, is the process of blowing sand under pressure to violently remove
unwanted material. Frosting implies a more delicate process to create a light surface
texture. Etching is a more artistic term referring to surface removal either single or
multiple level designation. Whatever term you use, it refers to the abrading of the surface
of the glass to render it opaque, translucent or decorative.

In order to accomplish a professional etching result, you must have the proper equip-
ment, either basic or complex. The first requirement is an air compressor: a simple
single-stage or a heavy-duty double-stage. It should have an adequate capacity to supply
proper PSI and volume relative to your requirements. Our system has a 120 PSI tank
pressure, 80 PSI line pressure, a 7 CFM flow rate and two moisture traps to ensure “dry”
operation. The tank has a drain valve which is emptied every two weeks, especially in
hot humid conditions.

The Service cabinet is simply a box with remote access to contain the piece while it is
exposed to the etching process. Our cabinet is a professional model by RJL of Chicago
with an inverted pyramid reservoir for reusing the abrasive and a siphon-style gun. An
internal light source and comfortable, flexible glove inserts allow desirable results,
especially with a foot pedal to control the abrasive stream. The gun contains a
replaceable nozzle which regulates the stream size and direction of the abrasive. It can
be metal, ceramic or boron carbide depending on your budget. Nozzle orifices regulate
the time of the etching process.

There are many choices for the abrasive medium. You could use sand with a Knopps
hardness scale at 820, or glass beads at 530, but the two most used are alumina which
is 2100 on the scale or silicon carbide at 2480. Alumina gives a whiter finish but is softer
and has a static problem. Silicon carbide is the most durable, cleans easily and is readily
available in achoice of grit sizes. We use 150 C grit silicon carbide supplied in 50# cans.
Of course to the wealthy, one could use diamond dust which tops the hardness scale at
7000 but would be astronomically expensive. When the etching time starts to increase,
it signifies that the powder has been physically depleted of its etching ability and needs
to be replaced.

The most important aspect of etching is an adequate and efficient exhaust system. At
operating pressure, the powder becomes a dust capable of penetrating and diffusing
everywhere. Our unit contains a vacuum system which passes the exhaust from the
cabinet through a water bath and an air filter cartridge before it exits outside. Figure 1
shows the exhaust chamber where the dust exits the cabinet on the right and is water-
purged and air-filtered before venting outside the building. Inside the cabinet, all
surfaces to be etched and any openings in hollow items must be masked off and closed.
Weuse only 3M masking tape because it produces a sharp borderline and removes easily.
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Finally, the most current application is the artistic field. An object can become more
varied and focused if certain outlines are detailed. We have applied our knowledge of
etching to highlight and beautify some of our creations. Figures 3 and 4 display this
concept.

Figure 3.

Figure 4.

So this is etching, frosting or sandblasting. whatever definition you want to use; but its
application is only restricted by the limits of your ingenuity, imagination and perspec-
tive.
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Figure 10 shows the schematic used to construct the cell. The glassware fabrication
diagram is shown in figure 1 1. Fabrication began with several lengths of 28mm diameter
tubing having a tolerance of 0.2mm as required by the mechanical engineer.
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The tungsten filament is a ribbon 0.02mm thick and 0.1mm wide. It is electrically point-
sealed tokovar with a nickel intermediary in a reducing atmosphere of 90% nitrogen and
10% hydrogen. The bottom of the filament is shown in figure 12. This is then sealed to
the cell in reducing atmosphere. A small metal envelope covers the seal when it is re-
heated for one minute with a flame having a measured temperature of 600 degrees C and
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allowed to cool naturally. The stress in the glass can be seen by viewing it through a
polariscope. It is located outside the body of the cell and is not dangerous. The next step
is to coat the magnesium fluoride windows with silver chloride and heat to 500 degrees
C using high frequency electric current (figure 13). The two windows are coated one at
atime. This is the work of Mme Bernard, who is here today. The cell is leak tested with
helium and must meet a specification of 2x10 ' atm/cc/s.
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Figure 16 shows the cell in the vacuum chamber with the detector and the light source.
The absorption measurements are made under about 10 7 mbar vacuum. The cell is

lighted by UV light, the intensity is measured by the detector. All the data is sent to the
computer and stored.
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Figure 16.

Figure 17 shows a data sheet showing temperature, resistance, intensity, power, and
reduction factor. The reduction factor is the relation between the measured light with the
filament on and with the filament off. An example of curves of reduction factors as a
function of temperature can be seen in figure 18, and in figure 19 is an example of curves
of intensity as a function of power.
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An example of characteristics of a filament (5 sec on, then 5 sec off at 0.3 V increments)
is shown in figure 20, while figure 21 shows an aging example, this one being 21 hours
of use. The measurement and presentation of this data were done by Mme Bernard. These
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measurements permit one to select the cells that have the best properties before putting
them in service. Cells #10 and 15 are on board SOHO and functioning to the great
satisfaction of the scientists.
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From the Cathedral of Chartres to Silicon Valley
by
Mary Ann Caffery
Glass Artist
Caffery Studio
Baton Rouge, Louisiana 70806

When I received my B.S. in chemistry in 1972 [ had no idea that I would eventually end
up with a Master of Fine Arts degree in stained glass. As a chemistry major I was always
fascinated with spatial relationships, orbitals and probabilities, entropy and thermody-
namics. I loved physical chemistry laboratory because of the fabulous apparati we
worked with when setting up experiments. P-chem lab was like conducting experiments
in a sculpture museum. I have always loved stained glass, and it was this love of glass
that led me into the field of art. My science background though has influenced the way
that I approach doing art and in some cases even the subject matter. In science I sought
knowledge—answers and solutions to physical questions and problems. In art I seek
answers to philosophical questions involving truth, beauty, and life. Many of my
questions have no concrete answers. Art involves communicating my ideas to people,
but it also is a constant search inside myself for my soul.

Some of my earliest stained glass work involved spatial relationships, such as Babylon,
in which Tused black glass with spectral intensity bands of colored glass and agate slices.
(picture #1) In Beyond the Blue Horizon I took a piece of dark blue plexiglass and cut
out openings into which I inserted gradations from yellow to red glass. (picture #2) In
this piece the warm colors want to advance as the blue recedes, but the blue reads as being
on the forward plane. In Gumball I used commercial clear ribbed glass to establish planes
and stacked slivers of glass between the planes to create spatiality. (picture #3)

Picture 1. Babylon.
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Picture 3. Gumball.

At some point [ began to want to burst out of the straight edges of the window frame and
began making irregularly shaped stained glass designs. Joachim’s Trash is a window in
which [ used scraps of glass on which a grid had been silkscreened. 1 found the glass in
atrash bin ata studio where [ was studying in Germany and collaged it together by laying
itout on a light table to do the design. (picture #4) [ also began to introduce other objects
into my work, such as in Walls, where [ overlayed extruded aluminum bars onto the
window, orin Temple. where [ used agate slices. (pictures #5 & #6)  began to use mirror
in windows to further explore the spatial illusions possible. such as in Reclining Nude.
(picture #7) In my Jazz Train to Heaven series [ used perforated aluminum overlayed and
underlayed on lenses and rondels and achieved some interesting optical effects. (pictures
#8, 9, 10) I found that some of the stained glass available is so heavily textured that
looking at objects behind the window can produce some fascinating optical eftfects.
(picture #11)
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Picture 15. Midnight on the Bayou.

I was so involved with L.E.D.’s that I presented myself with the premise that if I were
an L.E.D., what would I hold sacred in my life? What would my temple be like and who
would be my saints? Sounds crazy but my mind starts to wander when I’ m doing tedious
soldering work. I wrote a series of seven short stories about different L.E.D. “tribes,” and
came to the conclusion that the vacuum tube would win hands down as the thing
worshipped by an L.E.D. With that in mind I set about to build these L.E.D. temples,
using glass, because silicon is a basic element in electronics, and all sorts of electronic
components that looked interesting had some sort of meaning to an L.E.D. Resistors and
capacitors were named as the saints and protectors of L.E.D.’s.

L.E.D. Temple was made from a vacuum-formed plexiglass bubble covering double
ribbed clear glass which looked down on the floor of the temple. On the floor were over
one hundred lighted red L.E.D.’s worshipping their vacuum tube on the altar. Copper-
clad boards and wire-wrapped columns comprised the temple, which I based on the
canopied structure that covered the burial place in St. Peter’s Basilica in Rome. (pictures
#16, #17, #18, #19) Sanctuary followed, using black on white flashed glass on which I
etched electronic symbols. I used black glass rods for the roof and numeric displays

Picture 16. L.E.D. Temple.
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around the roof’s edge. (pictures #20, #21, #22) I found a rather unusual blue vacuum
tube and built the temple Blue Madonna around it. (pictures #23 and #24) The grid on

Picture 22. Detail, Sanctuary.
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Picture 23. Blue Madonna.

Picture 24. Detail, Blue Madonna.

the floor covered hot pink plexiglass, and a light source was located under the gridded
glass. Sacrificial Rites is a temple based on step pyramids in the Yucatan, with printed
circuitboards in the front court and resistors covering the steps up to the ceremonial room
filled with L.E.D.’s and a vacuum tube. (pictures #25 and #26) Microlith is based on the

Picture 25. Sacrificial Rites.
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Picture 26. Detail, Sacrificial Rites.

Stonehenge-type structures with a rather large vacuum tube in the center surrounded by
a circle of glowing red L.E.D.’s (picture #27) This temple is built from a slab of deep
blue glass from which I chiseled the vertical and horizontal pieces. I left the glass chips

Picture 27. Microlith.

lying on the floor of the temple, and the entire piece lies on a light source so that the glass
glows blue. Electric Memorabilia for Humans hangs on a wall, and I used Italian glass
mosaic tiles in the center with vacuum tubes across the top. The central piece can be
removed and worn as a necklace. (picture #28) I was commissioned by someone who
saw my temples to make a necklace that lighted. After much experimentation [ came up
with_L.E.D. Necklace which is made of plastic laminate, electronic parts, and ten
L.E.D. s (pictures #29 and #30) I did not want the L.E.D.”sto blink so [ had to incorporate
a large battery pack at the back of the necklace, and I added an on/off switch so people
wouldn’t be disturbed in theatres when someone was wearing the necklace.

My mostrecent projects have becn a series of stained glass windows based on electronics
and Mayan symbolism found on temples in the Yucatan. Sacbe Circuit. Labna Online,
and Uxmal Interface use white, red and blue glass predominantly, mixed with a
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with glass rods and prisms. (picture #34) I used dichroic glass for color, and added a few
objects to the inside of the piece.

My life as an artist has been filled with challenges and enjoyment, and I have been lucky
to have studied with some of the greatest stained glass artists of our day. When I look at
the work of scientific glassblowers [ am in awe because much of what I see you doing
could stand in museums side by side with some of the best sculpture of our day.

Picture 34. Windmills of My Mind.
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Un des Meilleurs Ouvriers de France*
by
Yves Borrel, M.O.F.
Centre de Recherche, Ecole Polytechnique
Palaiseau, 91128 France

presented by Yves Borrel
translated by Christian Boussert
Louisiana State University
College of Basic Sciences
Baton Rouge, Louisiana 70803

Introduction The official title “Meilleur Ouvrier de France,” accorded by the French
government, is recognized as representing great competence in one’s profession or craft.
According to public opinion polls the prestige of this award surpasses all others
including diplomas from great schools such as L’Ecole Polytechnique, founded in 1794,
L’Ecole Nationale d’ Administration, where France’s politicians are trained, and the
French Conservatory of Music. Thirty-eight per cent of the public rank it high as
compared with nineteen percent who recognize the Polytechnique’s diploma as an
honor of distinction.

This title is much envied, and one of the most difficult to obtain. It requires a perfect
mastery of one’s craft, extensive knowledge of technique, perseverance of hundreds of
hours even 1000-1500 are sometimes necessary to achieve success with the final verdict
by one’s peers.

History Lucien Klotz (1876-1946), a remarkable man, journalist, and art critic is where
the history of the M.O.F. begins. M.O.F. stands for “Meilleurs Ouvriers de France” or
“Best Craftsmen of France.” It is Klotz who promoted the idea of the M.O.F.

Recognizing the need to award achievement in the Field of Craftsmanship, Lucien Klotz
in 1913 came up with the idea for a great “National Labor Exhibition” where workers
wishing to be recognized for their various fields could be judged by a jury of their fellow
craftsmen and by the public at large. He ran press campaigns, published articles, and
solicited the help of celebrities, philanthropic sponsors and famous craftsmen of his
time.

Workers, craftsmen, and artisans were invited to compete at the exhibition organized by
their various guilds. In Paris in 1924 the first 144 M.O.F. titles were awarded. Mr. Albert
Lebrun, who would later become president of France, stated at the time, “One should find
it natural that each year, painters, sculptors, engravers, architects, musicians, all
assemble at competitions and exhibitions to legitimize their talent and gain notoriety.
Why then should we also not find it natural to bring together the main branches of
national production to shed light on and reward the highest professional qualities,
manual aptitude, technical expertise, creative imagination and thus as stated in Article
One of the rules of the Exhibition develop among workers, craftsmen, and artisans and

*QOne of the Best Craftsmen of France.
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apprentices a certain emulation of the trade, a spirit of progress, an attachment to the field
which can only lead to the improvement of industry itself.”

Currently a permanent national committee established in Paris manages the organization
of the competitions held every three years. After preparing the tests, it is up to each of
the 200 specialty fields to establish the themes for each test, compose the juries, record
the results and publish them upon approval by the National Ministry of Education. But
how does one become a “Best Craftsman of France?” The National Labor Competition
permits candidates to create a masterpiece on a specific theme to prove their talent.
Therein they must show their dexterity, highly developed technical expertise, their
know-how, creativity, good taste, as well as use of modern techniques alongside
traditional methods. Afterwards they are judged by their peers in a two-tiered procedure.
Firstthere is the regional competition where the best creations are selected. Those chosen
go on to the National Exhibition where the best of the nation receive prizes.

There can be several winners in a single category, just as there might be none at all in
some years. The title of M.O.F. is awarded according to grades given for detail,
sturdiness of composition, and creativity as evident in the techniques employed. An
illustrated technical portfolio is also required and is of use for future instruction in that
field. The winners receive the title “One of the Best Craftsmen in France.” The President
of France hands out the certificates at a dignified ceremony at the Sorbonne, later that
day. They are received at the Elysée Palace, the official residence of the French president.

They also receive the official insignia of the “Best Craftsmen of France” which consists
of a bronze and enamel medallion engraved in 1932 by Lagriffoul. Its bearer must then
continue his trade still perfecting it, thus proving his worthiness for the title by avoiding
routine techniques and incorporating new ones. Sometimes he becomes an instructor,
transferring his skill to those who one day will follow in his footsteps.

Each candidate can only compete in one category in a given year. They must be at least
25 yearsold, and aFrench citizen. Foreigners may register on the condition that they have
worked in France for at least five years. Entry as a team is not only permitted but
encouraged on the condition that each member can be judged individually.

The 200 fields are classed in 16 groups:
-Food

-Building Construction
-Garment industry
-Hairstyling & Cosmetology
-Textile industry

-Furniture (Photograph #1)
-Metallic structure
-Miscellaneous Industries
-Precision work

-Leather goods

-Graphic Arts
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-Artistic work in metal
-Floral Arts

Group XIII concerns the fields of glass and ceramics including:
-Porcelain (Photograph #2)

-Stained glass art

-Enamel work

-Santons (Christmas figurines)

-Hot blown glass (cane-blown)

-Cold shaped glass

-Engraving

As well as our glass specialties (see photograph #3) including:

-Scientific glassware in borosilicate from a required plan or diagram and, a separate
category, scientific glassware of pure silica

-Glassware called “industrial” created from a required plan or diagram.

-Artistic glassware in solid or hollow glass on a specified theme.

-“Neon sign” on a specified theme.

The international spread of the M.O.F. has gone far beyond France’s borders. In Saudi
Arabia for example the “black stone of Islam” in Mecca, the famous “Quaaba,” is
protected by a cut crystal dome 1.4 meter high and 1 meter in diameter requiring 2 tons
of glass, the work of one single M.O.F. artisan who took up the challenge which others
had given up on. Another M.O.F. winner is responsible for decorating the leather for
offices and private helicopters of the rich Emirates.

The sumptuous Basilica of Yamoussoukro in the Ivory Coast benefited from a compe-
tition between M.O.F. winners to design the stained glass windows and ornate engrav-
ings on precious metals, such as for sacred objects. An M.O.F. team even supplied that
town’s National Institute for Sciences and Technology with their scientific materials.

InJapan where flower arranging is a high art, an M.O.F. florist/decorator was recognized
and accorded three hours of television coverage. Now he gives lessons to the Japanese
in flower arranging! Another M.O.F. winner in mosaics was chosen to decorate the giant
swimming pools in Australia, and is known as the best tile-maker of that continent.

In culinary matters, the international cuisine and pastry competitions were conceived
and organized by M.O.F. master chefs. M.O.F. winners also intervene to safeguard
world architectural treasures. M.O.F. professionals restored the clock on the Cathedral
of Beauvais as well as the Statue of Liberty in New York. Embroidered and velvet
tapestries of France’s great castles are preserved by M.O.F. teams and the carpets of the
Elysée Palace are maintained by an M.O.F. woman. An expert M.O.F. bookbinder heads
the restoration lab of the French National Library.

The Lumiere Brothers monument was made by an M.O.F. winner to honor their
achievement in creating cinema. Another designed the model of the Barcelona Opera,
the Bastille Opera, and the Ariane Rocket. For the Albertville Winter Olympic games,
M.O.F. hairdressers arranged the hair of five hundred participants in the opening and
closing ceremonies, three thousand journalists were fed around the clock by M.O.F.
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teams, a 15-ton ice sculpture of the flame and rings was made by a M.O.F. pastry chef,
and the five hundred bouquets given to the champions were arranged by a M.O.F. florist.

For the record books, the largest glass in the world with a volume of 220 liters was blown
by M.O.F. master glassmakers. This same team was asked to commemorate the 100th
anniversary of the discovery of radio by Branly by creating the symbol of the Paris-
Moscow radio link in glass, a sculpture which was presented to Gorbachev on November
16, 1990. For work on the other extreme of the size scale, another M.O.F. winner
undertook to reconstitute the skeleton of a tiny bird only 25mm in length with over 100
bones. These are but a few examples of the originality and prestige of M.O.F. know-how.

Yet if after seventy years such a unique competition is still supported by the French
government, it owes this to the dynamism of the M.O.F. Society of winners who dedicate
themselves to its continued support.

Since 1929, this rich society of 2500 members has applied the message of their first
president, Georges Castellain, who stated, “We must make of our association one big
family and consider ourselves brothers, born of the same father, Work, and the same
mother, “France.” We must help each other, protect each other, support each other in all
life’s circumstances.”

Also, the M.O.F. will be happy to maintain a relationship with your great association,
the American Scientific Glassblowers Society, and keep with you the ties of friendship
that are likely to develop reciprocally. I therefore thank, on behalf of this associate and
the “Best Craftsmen of France,” our friend Christian Boussert for soliciting such an
exchange with you in the course of this Symposium.

Great success to you all and a pledge of friendship from the “Meilleurs Ouvriers de
France,” the “Best Craftsmen of France.”

Construction of the 1991 MOF Competition Design for Scientific Glassblowers.
This work while using traditional techniques of glassblowing is also a glass structure
where aesthetics come into play. This then must be taken into account in order to obtain
a homogeneous totality on an “artistic” level as well as on a professional one.

The main technical difficulties involve attaching the feet to the large center bulb and the
inner cones, all the while respecting the dimensions and the spatial arrangement.

Aesthetic difficulties include the clarity of the glass, the rigorous and strict alignment of
the points, and the overall symmetry of the work.

We also notice that two forms interpenetrate each other, the curve and the cone; I
therefore worked them differently to accentuate this contrast. The curves are blown, and
are thus clear, in order to reinforce the gentle flow of this line. In stark opposition, the
cones are shaped at the lathe to obtain more uniformity in the lines and more aggressive-
ness in the points.

The realization of two of these structures as well as all the preparations took me about
four hundred hours of work. The original piece is now displayed at the Musée National
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The microwave region of the electromagnetic spectrum consists of a broad range of
waves from about one centimeter to one meter in length. They lie between the infrared
and radio wave range of the electromagnetic spectrum (see Figure 1 4).

When an electromagnetic wave encounters a substance, the substance is considered
transparent or opaque, depending on whether the wave passes through, or is blocked by
the material. If the material is transparent, very little energy is absorbed by the material.
If it is opaque, more energy is absorbed and a greater amount of energy is generated.

When microwave energy encounters opaque material, its molecules begin to twist, turn,
and rotate many times per second as the molecules try to align themselves with the
wave’s frequency. This twisting, turning, and rotation causes heat from friction to be
generated, thus heating the material and, by conduction, anything around the material.
This creates the “internal” cooking that is substantially different from conventional
cooking which is heating from the “outside in.”

By heating liquids or foods by microwaves, the cooking process is much faster than
conventional external heating. However, internal cooking does not allow food to brown
or crisp. Thus, the texture and appearance we expect from standard cooking does not
occur with microwave cooking.

Microwave ovens were first created in 1942 by the Raytheon Co. of Waltham Mass.. The
story (probably apocryphal) is that P.L. Spencer discovered that microwaves used in
signal transmission were melting the chocolate bar in his pocket. The first “Radarange”
(=1950) cost about $3000 °, were about the size of a refrigerator, and were used to heat
and cook foods in hospitals. The first “table top” microwave ovens were developed by
Amana Inc., in 1967, and with a power of about 700 watts, they cost about $500—
$600 °.

The microwaves for a microwave oven are generated by an electron tube, called a
magnetron, thatemits afrequency atabout 2450 Hz, with a wave length of approximately
1-2 cm. Inolder orinexpensive microwave ovens, the microwaves are aimed at a fan that
reflects the waves into the oven region (see Figure 2). This was done in an attempt to

Figure 2.
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provide a wide disbursement of waves and to try to eliminate “hot spots” within the oven
chamber. Current and/or better quality ovens rely on a more precise opening of the
magnetron casing, better aiming the waves throughout the oven chamber. If properly
aimed, the beam will not only have no significant “hot spots,” but will be aimed away
from the oven door.

As mentioned, when microwaves pass through a material, the material is considered
transparent if a limited amount of heat is generated. Perfect transparency means that no
energy is passed to the material. The level of absorbency is determined by its tan ¢
(delta). The greater the tan ¢, the more energy is passed to the material. The smaller the
tan ¢, the less energy is passed to the material 7. What we normally consider as being
transparent, for example glass, does have some opacity toward microwaves. Contami-
nation can increase the opacity.

When Dr. Kaiser first developed the microwave heating process, microwave ovens had
one temperature, and the user could only vary the heating time. One older oven in our
laboratory is of this type and is listed at 600 watts. Newer ovens can (sort of) vary the
temperature and vary the heating time. In addition, these ovens are more powerful (our
newer ovens are 1100 watts). It is assumed that the lab never had any melting problems
in the beginning of this process because the ovens did not have the energy to melt the
glass in the first place.

When the heat dial on a contemporary microwave is turned from high to medium, the
microwave intensity is not cut in half. Rather, the magnetron cycles on and off,
functioning half the time. The idea is that the magnetron heats up an area of food, and,
while the magnetron is in the off-cycle, conduction heats up other parts of the food. (The
technology to cut the intensity by half is available, but this level of technology would
make it cost prohibitive.)

The physical state of the material being heated is important because, for example, ice
(solid water) does not heat nearly as fast as does liquid water. Thus, when a frozen
chicken is placed within a microwave, the spot that melts first provides liquid water. The
liquid water is heated at a greater pace within the microwave oven, which can eventually
cause a burn spot on an otherwise frozen chicken.

Common transparent materials generally include porcelain, china, and glass, but these
are not all equally transparent. If you place a dry porcelain and borosilicate cup next to
each other in a microwave oven and let it run for several minutes, the borosilicate glass
will more than likely be too hot to touch while the porcelain cup will only be warm.
However, there is quite a difference between too hot to touch and temperatures required
for melting.

Experimental

In our laboratory, one of the more dramatic melting incidents was a weighing bottle
containing calcium carbonate (CaCO,) (See Picture #5). We speculated that the CaCO,
was drying out in the microwave, and, once the water had evaporated, the CaCO, could
superheat. Then in turn, the superheated CaCO, caused the glass to melt. The main
problem with this theory was that the results were extremely inconsistent.
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Table 1
Results of Sodium Bicarbonate Soak

firepolished shelf crazed
3mm rod 0/9 0/9 0/9
5mm rod 0/9 1/9 0/9

To properly analyze whether the surface of the glass had any significance, we decided
against using weighing bottles for experimentation due to costs. It was decided to use
glass rods in the form of hooks. This was not an unreasonable test as there had been
several situations where glass rods had also melted (See Picture 6).

To test what significance contamination held in the melting process, a 5% sodium
bicarbonate solution (NaHCO,) was prepared and the glass hooks were placed within for
a fifteen-minute soak. There are obvious differences between a glass container partially
filled with a substance and a glass rod with a material coated on its surface. However,
at this point, it was believed that this was a surface phenomenon compounded by foreign
material, and that if we could pin down what was taking place, the details could be dealt
with later.

Three types of rods were developed for testing: 1) those that were ‘off the shelf” and had
normal surface wear and tear; 2) those where the surface had been firepolished along the
entire rod leaving an unblemished surface; and finally 3) those that had some intentional
crazing and surface checks. In addition, twodifferent thickness of rods were used: a Smm
rod was used because this is the size rod used to make the glass hooks; and a 3mm rod
was used because it is closer to the thickness of the weighing bottle. All rods were soaked
in the sodium bicarbonate (NaHCO,) solution. The NaHCO, was used because it is
similar to CaCO,, and yet easier to work with, due to its greater solubility. Picture #7
shows the hooks set up for testing. The results are shown in Table 1.

Although there was one successful melt, the results were too inconsistent to be
considered a solid lead for success. The melt was somewhat spectacular as it melted into
the side of the beaker that supported the hook (See Picture #8§).

The results did not provide any credibility to our initial theory and strongly led us to
consider other causes. It was at that point that the manufacturing process of the hooks

was reviewed.

The hooks are made by taking approximately two and one half inch pieces of Smm glass

89









Unfortunately, continued operation of the microwave oven for extended periods during
these tests managed to melt the plastic cap on the central spindle. This cap is responsible
for turning the glass plate carousel. Picture #1 1 shows what this plastic cap should look
like. Picture #12 shows what happened to the cap after all this testing. Further
experimentation has been delayed till repairs can be made.

Even if the deposit of metal on the hooks was the cause of their melting, there still was
the issue of why the weighing bottles melted. Itis believed that there might be two causes
for this to happen.

One theory is the bottles may have been placed on a counter and picked up a fragment
of metal contamination. Or, some metal contamination may have fallen into the beaker
prior to placing the weighing bottle within. Since this is a student laboratory, such
contamination is easily conceivable. Alternatively, as was done with the hooks, one must
consider how weighing bottles are made. They are manufactured within an iron mold
with a carbon deposit on the surface. It is possible that metal or carbon contamination
might be deposited on the surface during the manufacturing process. Normally, this
would never affect any laboratory operation, but the placement of such contamination
in the microwave oven brings new factors to consider.

Conclusion

The resolution of this problem is potentially simple. The manufacturing process of the
hooks can be changed to prevent metal deposition. The only option to prevent metal or
carbon deposits on weighing bottles, however, is limited to visual inspection; it may or
may not be possible to see this contamination.

One easy part of the process to control is the temperature of the microwave oven.
Although the actual temperature cannot be adjusted, on can cycle the magnetron on and
off, thus allowing the sample to dry out in the same time span as the older “cooler” ovens

and with less chance for the glass to melt.

" Keyzer, Hendrik, "Teaching with the Commercial Microwave Oven," J. College
Science Teaching, 9 (2) pp.91-92 (1979)
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Technical Workshops - 1996

Ken Everingham - Zenica, Inc.
“Cutting Flat Glass Discs & Sealing Them on to Tubing”

Richard Gerhart - California Institute of Technology
“Fabricating a Quartz Flange by Lamination”

Vincent Guerrini - Louisiana State University
“Demonstrating the Miema Torch”

Bob Ketch - University of Georgia
“Glass Shop Hints”

Jack Korfhage - Albemarle Corp.
“No Dead Space Valve on Jacketed Flasks”

Egon Kummer - IBM
“Making Miniature Coils”

Peter Weir - Herbert Arnold Co.
“Crack-off Machine”

Michael Wheeler - Arizona State University
“Assembly Procedure of a Four-inch Diffusion Pump”
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Ace Glass Inc.
1430 NW Blvd.
Vineland, NJ 08360

Carlisle Machine Works
PO Box 746
Millville, NJ 08332

CFF Kilns & Furnaces
56828 Skyline Ranch Road
Yucca Valley, CA 92284

ChemGlass Inc.
3861 N. Mill Road
Vineland, NJ 08360

Corning Incorporated
MP-AB-01-9
Corning, NY 14831

Friedrich & Dimmock
PO Box 230
Wheaton Avenue
Millville, NJ 08332

G.M. Associates
9803 Kitty Lane
Oakland, CA 94603

Glass Warehouse
800 Orange St.

PO Box 1039
Millville, NJ 08332

Heathway Inc.
4030 C Skyron Drive
Doylestown, PA 18901

Heraeus Amersil, Inc.
3473 Satellite Blvd.
Duluth, GA 30136

1996 Exhibitors

Herbert Arnold
Weilstrabe 21

6290 Weilburg/Lahn
Germany

Kimble/Kontes
Drawer F, Crystal Avenue
Vineland, NJ 08360

Lab Glass/Wilmad Glass
The Scientific Group
Rte. 40, Oak Rd.

Buena, NJ 08310

Litton Engineering Labs
PO Box 950
Grass Valley, CA 95945

Lunzer, Inc.

280 North Midland
Avenue, Bldg. J-1

Saddle Brook, NJ 07663

M-Tech Industries
PO Box 1358
Cedar Ridge, CA 95924

North Jersey Diamond
Wheel

218 Little Falls Road

Cedar Grove, NJ 07009

Pegasus Industrial
Specialties, Ltd.

4490 Sheppard Ave. East

Agincourt, ONT MIS 4J9

Canada

Schott Corporation

3 Odell Plaza
Yonkers, NY 10701
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V.M. Glass Company
580 NW Blvd.
Vineland, NJ 08360

Wale Apparatus Co., Inc.
400 Front St., PO Box D
Hellertown, PA 18055

Wilt Industries, Inc.
Rt. 8
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Witeg Scientific
14235 Commerce Drive
Garden Grove, CA 92643
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