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A QUARTZ LIQUID-LEVEL SENSOR
Ian B. Duncanson and Keith P. Madden
Radiation Laboratory
University of Notre Dame
Notre Dame, IN 46556

Introduction

Utilizing some basic principles of geometrical optics, a device can be constructed
that is very useful in monitoring and controlling the level of a liquid in a vessel.
Although such sensors are commercially available, a glassblower and an electronics
technician can design a customized unit for a specific need.

This paper begins with a review of those basic principles of light and optics and
applies them in a design for a liquid-level sensor of clear fused quartz. An ensuing
discussion of the sensor’s practical application, particularly in conjunction with a
benchtop computer offers some insight into the possible means for automating
certain laboratory or industrial processes, as well as into the inherent limitations of
the device.

A Review of Some Fundamental Principles of Geometrical Optics

The velocity oflight waves through a particular mediumis a constant.* However,
the velocity of light varies between different media. The denser the medium, the
lower the velocity. Thus, the speed of light is greatest in a vacuum (3 x 108 meters per
second), less through quartz, and still less through diamond. The ratio of the velocity
of light in a vacuum to its velocity in a particular medium is that material’s index of
refraction:

Refractive Index=n=c/v>1
where, ¢ = velocity of light in a vacuum
v = velocity of light in the medium

Consider Figure 1. In this illustration, the light waves are passing through a
medium (N,) having an index of refraction n, to a LESS DENSE medium (N,) with
an index of refraction n,. Thus, the speed of light in medium 1 is less than that in
medium 2. Similarly, the distance travelled by a wave front in a given time interval
through medium 1(d,)isless than the distance travelledin the same interval through
medium 2 (d,). Because the velocity of light varies between different media, a ray of
light will bend (i.e., be refracted) as it passes from one medium to another. In this
case, the light ray is bent away from the normal or a line drawn perpendicular to the
boundary surfaces. Ifthe light ray were passinginto a denser medium, then the figure
would be inverted and the ray would be bent toward the normal.

In 1621, Willibrod Snell discerned a constant proportional relationship amongst
certain elements of this construction. This discovery was subsequently refined by
Descartes in 1637 by means of the mathematical expression:**

n, sinl, = n, sinl,
where, n, = the refractive index of medium N1
n, = the refractive index of medium N2
I, = the angle of incidence
I, = the angle of refraction
This equation (Snell’slaw), which relates the angles ofincidence and refraction for

two transparent media, is the fundamental law that dictates the passage of a light
ray through an optical system.



Throughout this review emphasis has been placed on the passage of light from one
medium to another of less density. It has been indicated thatin so doing, the light ray
is bent away from the normal. The significance of this becomes apparent if the terms
of Snell’s Law are rearranged:

sin I, = n,/n, sinl;

Note that if the angle of incidence (sinl,) is increased, the angle of refraction (sinl,)
will increase at a geometric rate. When the sine of the angle of incidence reaches the
value of n,/n , then the sine of the angle of refraction will equal 1.0 and the angle of
refraction will be 90°. At this point, and for any light ray having an angle of incidence
greater than this point, the ray will be reflected back into the medium N,. This is
known as total internal reflection and occurs only if N, is denser than N,. The angle
of incidence at which this occurs is known as the critical angle:

Critical Angle = I_= arc sin n;/n,
Taking advantage of Snell’s Law and its corollary concepts of the critical angle and

total internal reflection, a piece of quartz rod can be fashioned to create a liquid level
sensor. Consider the following critical angles:

N,/N, Ic = arc sin n/n,

CFQ/AIR: arc sin (1.0000/1.4585) = arc sin .6856 = 43° 17'
CFQ/WATER: arc sin (1.3330/1.4585 = arc sin .9140 = 66° 4'
CFQ/ACETONE: arc sin (1.3587/1.4585) = arc sin .9316 = 68° 41
CFQ/METHYLENE CHLORIDE: arc sin (1.4241/1.4585) = arc sin .9764 = 77° 32'
CFQ/CARBON TETRACHLORIDE: arc sin (1.4601/1.4585) = TOTAL TRANSMITTANCE
CFQ/BENZENE; arc sin (1.5011/1.4585) = TOTAL TRANSMITTANCE

CFQ/1,2,4 TRICHLOROBENZENE: arc sin (1.5717/1.4585) = TOTAL TRANSMITTANCE

Observe the relatively large disparity between the critical angle of clear fused
quartz/air and that of the other media. In fact, for those media that are denser than
CFQ, there exists no critical angle and therefore virtually any light ray, regardless
of its angle of incidence at the boundary, will be transmitted on through them. Thus,
in general terms, the likelihood of internal reflectance for a set of rays decreases
dramatically as the refractive index of the second medium increases relative to CFQ.

Because of the rather slight critical angle between CFQ and air (< 45°), a quartz
rod acts as a conduit for light —i.e., as a “light pipe” (See Figure 2). Not all of the light
rays travelling down the rod will be internally reflected, but a substantial and useful
amount will be. And if the end of the rod is annularly ground at 45° and firepolished
(Figure 3), a substantial and useful amount of light will be internally reflected back
up the rod. If the tip of this rod is suddenly surrounded by a fluid medium other than
air, and thereby radically increasing the critical angle between the two media, a
majority of the light rays will not be reflected back up the rod, but will simply pass
into the second medium. Note how the beveling of the quartz rod at 45° enhances the
advantageous utilization of Snell’s Law.

It becomes apparent that if a light source and a detector could be mountedin some
way on the opposite end of the rod, then the functional basis for a device which can
“read” the difference in light intensity caused by the presence or absence of a liquid
at the end of the rod could be had (See Figure 4). This can be accomplished by first
cutting a 90° step, 8-10 mm in depth and firepolishing the cut. An LED and a
photodetector are then mounted on the lower and upper steps, respectively, with
plastic shrink-tubing and a plastic block clamp. The electronic circuitry required for
a demonstration model of a liquid-level sensing system has been appended to this
paper.

Some Applications and Limitations of the Device
Because the glass blower can be directly involved in the fabrication of a sensor, the
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interface between it and the vessel can be customized to meet the demand of a
particular application. For example, an Ace-Thred and Bushing' can be employed in
many instances. In situations where the purity of the liquid is essential or where the
chemical environment is harsh (e.g. acids and organic solvents; exclusions: hy-
drofluoric acid and alkalis), elastomers can be avoided by fusing the rod through a
CFQ standard taper joint or ball joint. In this case, it is of course desirable to avoid
any bubbles or other occlusions in the seal. Therefore, use of a maria in the rod for
fabricating the seal is an assured, effective means for maintaining the optical
integrity of the light path.

There can be any number of uses for the sensor. The precise control of a fluid level
such asin surface chemistry experimentsis an example. Here, better resolution of the
sensor seems to be gained by using a 6 mm CFQ rod rather than a larger diameter
rod. Other examples would include overflow prevention, automatic liquid dispensa-
tion or introduction, and boil-off prevention.

A somewhat detailed consideration of a specific application will lend some further
insight into the sensor’s capabilities and limitations. In certain areas of radiation
chemistry research, it is necessary to use extremely pure deuterium oxide or heavy
water. Toaccomplish this, the water must be specially triple-distilled in aborosilicate
and CFQ apparatus (Plate 1). Also, because of its cost ($400-$650 per liter for
feedstock), the handling of the water and its distillation must be conducted with care
to minimize any loss. In fabricating the triple still, it was apparent that it would be
desirable toautomate the processin order toavoid such losses and to avoid subjecting
a technician to the tedium of manually operating it. Therefore, it was decided to
employ the liquid level sensors in conjunction with a benchtop computer.

In Plate 2, the sensors are located at socket joint side necks of each of the three
pots. A simple computer program can be written to control the feedstock pump and
the three heating mantles. Figure 5 consists of two flowcharts of basic programs
capable of handling the three elements of the still.

In this particular application wherein the sensor is immersed in the vapor-rich
environment of a boiling pot, it was found that condensate on the sensor could provide
the program with an erroneous signal. It appears that this can be overcome by
“bleeding” the sensor —i.e., for example, by allowing the side of the rod close to the
tip to come in contact with the sidewall of the vessel. Also, boiling stones must be
added to the pots to minimize bumping and oscillation of the product. Once these
impediments are overcome, the still can operate with minimum attention.

Conclusion

Considering recent developments in automating even some of the most complex
processes, thereisample evidence that man’smotivation toward eliminating tedious,
repetitive work continues unimpeded. By combining well-known principles first
discovered and formulated during the 17th century, it is possible for the glassblower
and electronics specialist to help reduce the researcher’s labor in the laboratory.
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Footnotes:

* In order to simplify this discussion, assume that the light is monochromatic and
that the media are at standard temperature (20° C).

** For an excellent explanation of the derivation of this formula, see Warren T.
Smith’s Modern Optical Engineering: The Design of Optical Systems, McGraw-
Hill Book Company, N.Y. 1966, pp. 4-5.

1t Products of Ace Glass, Incorporated.
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“DETERMINATION OF THERMAL EXPANSION HOMOGENEITY OF

CORNING CODE 9600 GLASS-CERAMIC BY SEAL TESTING”
Henry E. Hagy
Consultant

Corning Code 9600 Glass Ceramic is a transparent, near-zero expansion material

for use in ring laser gyros, optics, and other applications demanding negligible
expansionin aquality structure. Expansionhomogeneity is also very important. This
seal testing study evaluates homogeneity of cast Code 9600 in two sampling modes:
firstly, by cutting specimens for test before ceramming to assess chemical homogene-
ity; secondly, by cutting specimens after ceramming to assess thermal homogeneity.
Expansion differences determined are less than 20 ppb/°C at room temperature with
thermal showing tighter values.

1.

Introduction

Corning Incorporated recently introduced a remarkable glass-ceramic with spe-
cial physical properties. Code 9600 glass-ceramic is a near-zero thermal expan-
sion material characterized by a fine-grained crystalline structure and high
homogeneity. Itis an ideal material for ring laser gyros, optical components, and
any other application requiring near-zero expansion and a stable, high quality
body.

Code 9600 glass-ceramicis melted as a glass, castintolarge blocks, and then heat
treated (ceramming) to convert the glass into a transparent glass-ceramic. In
many cases the original casting is cut into smaller pieces, like a ring laser gyro
blank, before ceramming. One of the required properties for ring laser gyros is
low helium permeability, which Code 9600 glass-ceramic easily meets.

The thermal expansion characteristics between -100 and 100° C are shown in
Figure 1. Note the greatly expanded thermal expansion scale and that near-zero
expansivity is attained at room temperature. The initial expansion determina-
tion shows hysteresis of 0.6 ppm, which is essentially gone in the second run.
Competitive glass-ceramics also exhibit this type of hysteresis of about the same
magnitude. However, recent developmental research at Corning Incorporated
has essentially eliminated this hysteresis in Code 9600 glass-ceramic.

The near-zero thermal expansion is important to maintain critical dimensions
as temperature changes are experienced. High homogeneity of thermal expan-
sion is equally important, else stresses will develop upon temperature change
and warp the body through thermal strain.

Aplan was developed tomeasure thermal expansion homogeneity using end-tied
sandwich seals. This approach is an easy, straightforward technique for evalu-
ating expansion differences with high precision.

Experimental Method
2.1 Material, Geometry

It was decided to use a ring laser gyro blank, 4-1/4" x 4-1/4" x 1-1/2" in size,
as the starting geometry. Two such blocks were cut from the same casting.
One of these blanks was cerammed and then subsectioned. This blank was
termed the thermal homogeneity blank. The second blank was first subsec-
tioned and cerammed along with the thermal homogeneity blank. This
second blank was termed the chemical homogeneity blank. Subsectioning
was done by diamond saw cutting, mill grinding, and polishing, producing
thirty-six small blocks 1-1/4" x 1-1/4" x 0.140" in size.
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2.2

2.3

2.4

2.5

The point of evaluating two blanks in this fashion was to determine if
thermal gradients in the blank during ceramming created thermal expan-
sion differencesover and above differences caused by possible compositional
differences from melting and casting.

The End-Tied Sandwich Seal

The geometrical format of the frit-bonded, end-tied sandwich seal is shown
in Figure 2. Two sub-blocks from nearly the same location (A in the figure)
are made the outside members of the seal, whereas a third block from a more
remote location is made the central member of the seal (B). These three
members are sealed on their ends to two tie blocks, 1/2"x 1/2"x 1-1/4" in size,
using afrit. The tie blocks were cut and ground from the same casting as that
used for the blanks. The faces of the central member are polished to
accommodate optical retardation measurements.

The Frit

The frit used for making the sandwich seal is a key element. It is an
unreleased lead titanate glass-ceramic frit that matches the thermal expan-
sion of Code 9600 glass-ceramic and fires below the upper ceramming
temperature for Code 9600. The lead titanate frit fires between 700° and
800°C, whereas Code 9600 is cerammed above 800°C. This firing tempera-
ture differential of nearly 100°0C is important so as not to change the
thermal expansion of the Code 9600 glass-ceramic.

The thermal expansion difference between the frit and Code 9600 is shown
as a function of temperature in Figure 3. This curve was determined by
another format of seal testing. Seals survive the high temporary mis-
matches at 300° and 500°C and the moderately high mismatch at room
temperature by keeping the frit layers thin.

Optical Retardation Measurements

As shown in Figure 4, optical retardations are made using a Friedel
polarimeter. Small windows, approximately 1 mm square, are painted on
the viewing surfaces of the central seal member using black ink to restrict
the view to the very central portion of these viewing surfaces. This greatly
improves reading precision and eliminates bending stresses possibly caused
by slight expansion differences between the outer seal members.

Not shown is the environmental chamber that surrounds the seal specimen
that is heated electrically and cooled by liquid nitrogen.

Optical retardations are read by rotation of the analyzer to the nearest 0.1°
which is equivalent to 0.29 nm. Filtered white light peaking at 522 nm is
used as the light source.

Determination of Expansion Differences

Expansion difference is calculated from the first formula given in Figure 2,
where:

A8 = expansion difference during AT, ppm
A = wavelength of light, 522 nm,

AA = change of analyzer reading during AT, degrees,
B = stress-optical constant of Code 9600, 0.209 nm/cm/psi,
P = optical path length (width of central member), em.
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elastic modulus of Code 9600, 13.8 x 106 psi.
thickness of outer and central members, cm, and

E, =E;
th=1ty
AT = temperature change, °C

Since the outer and central members of the seal have equal thicknesses, and
the elastic moduli are the same, this equation reduces to:

Ad = 0.47AA

The differential expansion coefficient is calculated using the second formula
in Figure 2, or by curve fitting the 3 vs. T function and calculating the
derivative at 25°C. All valuesin thisinvestigation are calculated at 25°Cand
are given in ppb/°C, since they are very small.

Experimental Results
3.1 Chemical Homogeneity

The blank sectioning scheme, expansion differences measured, and test
values are shown in Figure 5. Edges vs. center and double diagonals show
the highest expansion differences, thereby showing that extreme displace-
ments relate and inhomogeneities are long-range.

Actual plots of expansion difference as a function of temperature are shown
in Figure 6. All show linear relationships (constant Aa) except seal no. 4,
edge vs. center.

3.2 Thermal Homogeneity

Surprisingly, the thermal homogeneity study yielded much more favorable
results. Figure 7 shows the sectioning scheme, comparisons made, and test
results. These values are extremely good, which gives confidence that the
ceramming heat treatment has been extremely well-developed and exe-
cuted. The expansion coefficients determined are at the edge of experimen-
tal precision. All curves for these six comparisons gave linear relationships,
showing constant Aa with temperature.

3.3. Accuracy

The accuracy of a single point on the expansion difference versus tempera-
ture plot is estimated as 0.19 ppm (AA = 0.4°). The error that the expansion
coefficient differential can experience is twice this value (0.38 ppm) divided
by the temperature range covered (150°C) or 2.5 ppb/°C.

Conclusions

The frit-bonded, end-tied sandwich seal is an efficient and inexpensive test
technique for determining thermal expansion differences with high accuracy.
Uncertainties are estimated as 2.5 ppb/°C.

Corning Incorporated Code 9600 glass-ceramic has been shown to exhibit excel-
lent homogeneity, with differences less than 20 ppb/°C. Ceramming contributes
nothing to inhomogeneity of thermal expansion outside the experimental uncer-
tainties of this study. This study was carried out two years ago and, since that
time, developments have greatly improved the quality of Code 9600. Another
study similar to this investigation is planned to update Code 9600 homogeneity
which will probably be the subject of a forthcoming paper.
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THERMAL EXPANSION OF
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GLASS-CERAMIC
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FRIT-BONDED, END-TIED SANDWICH SEAL
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POLARIMETER-SEAL ARRANGMENT
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CODE 9600 GLASS-CERAMIC
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HEALING CRACKS IN LARGE HEAVY-WALLED VESSELS
William Wasemiller
Senior Glassblower
Aldrich Chemical Co.
Milwaukee, Wisconsin

I am sure that every scientific glassblower has had a piece of apparatus crack
during construction, or has had to repair a piece of glass that had cracked in use.
Those of us who work in a service shop often encounter these types of repairs. I would
like toshare with you a technique I developed that will enable you to successfully heal
almost any cracked piece of glassware. I use the word heal rather than repairbecause
this technique will in most cases reverse the crack, causing it to disappear with little
or no trace. While this technique may be applied to any size glass apparatus, it seems
to work best on heavy-walled glassware.

The following items and equipment will be needed for this procedure:
1. Litton Annealing Burner

Cannon Burner

Hand Torch with Long Gooseneck (12 inches)

Long-neck Needle Torch (Hand)

Several Pieces of Thin Glass Rod

Two Floor Stands for Holding Torches

7. Glassblowing Lathe

The Litton Annealing Burner is a gas/air, surface mix burner. The burner is
mounted on a floor stand and placed on the back side of the lathe facing the
glassblower. The Cannon burner is a large gas/oxygen, pre-mix torch. The Cannon
burner may also be mounted on a floor stand placed on the glassblower’s side of the
lathe or held by the glassblower during the procedure. The hand torchis a gas/oxygen,
pre-mix torch and will be held by the glassblower during the procedure. The hand
torch is equipped with a gooseneck which is approximately 12 inches long. This will
enable the glassblower to use the hand torch inside the glassware. This also, for
comfort sake, puts some distance between the glassblower and the hot glassware
during the procedure. If the opening in the glassware will not accommodate a
gooseneck, a needle-neck torch will be needed. If a needle-neck torch is not available,
a long-neck torch tip may be made from a piece of small-diameter glass tubing or
quartz tubing.

Itis also advisable to have several pieces of 2-to 3-mm glass rod present. This rod
is used if the crack should separate or open during the healing process. The glass rod
can be used to fill in the opening and the process may then be continued.

ISR IR

The first step in the procedure is to anneal the glassware in an oven. Annealing
relieves any strain that may be present in the glass and will also burn out any traces
of organic residue. After annealing, determine if the glassware requires additional
cleaning. If additional cleaning is needed, one may choose between mechanical
cleaning or chemical cleaning with a 5% solution of hydrofluoric acid, concentrating
on the area to be worked. It is important that the crack is free of residue. The residue
could burn into the crack, leaving a line or blemish in the glass.

The second step is to place the glassware into the lathe chuck. Position the crack
soitis centered as much as possible. Start the lathe and begin heating the glassware
with the Litton annealing burner. Start with a small, all-gas flame and gradually
increase to alarge bushy all-gas flame. Allow the glassware to become covered with
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a heavy layer of black soot. The layer of soot insulates the glass from thermal shock
and serves another function that will be explained later.

When the glassis covered with a heavy layer of soot, the third stepis started. Begin
adding air to the annealing burner flame and gradually increase the air and gas feed
every 3 to 5 minutes until a hot, bushy, gas/air flame is achieved. Allow the glassware
to soak under this flame until about half of the soot has burned off the glass. To avoid
rushing the warm-up process, it is advisable to walk away from the lathe and work
on somethingelse, returning every 3 to 5 minutes toincrease the gas/air feed. The size
and weight of the glass will determine how much time to allow between increasesin
flame temperature.

The fourth step is to heat the glassware with the Cannon burner while continuing
to heat with the annealing burner. Start with a medium all-gas flame and slowly add
oxygen until an air gap is present between the Cannon burner tip and the base of the
flame. Doing this will produce a warm, bushy flame that appears to be “jumping off”
the Cannon burner. Using a flame of this type promotes healing and discourages
spreading of the crack. Gradually increase the gas and oxygen pressure while
maintaining the air gap between the Cannon burner and flame. These increases in
pressure are made until a hot, bushy flame is achieved. Allow the glass to soak under
both the annealing and Cannon burners until all the soot has burned off.

The fifth step is to begin healing the crack with the hand torch. During this step,
continue to heat the glassware with both the annealing and Cannon burners while
the lathe is still turning. It is important to use a soft, blue, gas/oxygen flame on the
Hand torch for this step. A sharp blue flame could cause the crack to separate and
open. Begin heating the end of the crack with the hand torch for only a second or two,
pulling the flame away as the crack in the glass rotates away from the glassblower.
Reapply the flame to the crack asit rotates back around, again pulling the flame away
after only a second or two. Continue this procedure until the crack begins to heal or
reverse itself. When this happens the intensity of the hand torch flame may be
increased slightly, and the duration of the heating may be gradually increased until
the flame is being applied almost constantly. As the crack heals, follow it slowly with
the hand torch until the entire crack is healed.

The sixth step is to go over the healed crack, inside and out, with a sharp, hot hand
torch flame to completely seal the crack. The outside of the glassware should be done
first. With the lathe still turning, continue to heat the glassware with both the
annealing and Cannon burners while sealing the healed crack with the hand torch.
To seal the healed crack inside the glassware, the lathe will have to be stopped.
Continue to heat with both the annealing and Cannon burners for the entire step.
Work inside the glassware with the hand torch for only 30 seconds to a minute.
Remove the hand torch and turn the lathe on, allowing the glass to rotate under the
two burners for approximately two minutes. Turn the lathe off and return to the
inside of the glassware with the hand torch, again working for only 30 seconds to a
minute. Remove the hand torch, turn the lathe on and allow the glass to rotate under
the burners for about two minutes. Continue this procedure until the entire length
of the healed crack has been completely sealed.

In many instances the crack will completely disappear after the healing process,
making it difficult to locate for this step. It is advisable to mark the ends of the crack
with a grease pencil (china marker) or a diamond scribe before starting to heat the
glass in step two. In doing so, the path of the healed crack may easily be retraced.

The seventh and final step is to flame anneal the glassware and to place it in an
oven for thorough annealing. It is a good idea to have a hot oven ready to receive the
glassware immediately after completion of the flame annealing.
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This technique may also be applied when working on a new piece of apparatus that
cracks during construction. Assuming that the piece is already hot, the procedure
may be picked up at step four, where the Cannon burner is first incorporated. The
crack will usually heal, leaving no scars or blemishes to mar the finished product.

The layer of soot that covered the glassware in step two serves as a fairly accurate
indicator of when steps three and four can be started. It is important to note that at
no tirhe throughout the procedure was the heating of the glass with the annealing and
Cannon burners interrupted, and the lathe was always rotating except for step six,
when it wasnecessary togoinside the glassware with the hand torch. When the words
slowly or gradually are used in this paper, one may interpret this as allowing 3 to 5
minutes to pass between moderate increases in gas, air and oxygen pressure.

In my 20 years of glassblowing experience, I have found this to be the most
successful technique for healing cracks. Using this technique, I have healed cracks
up to 18 inches long on flasks, dairy jars, bell jars and other heavy-walled vessels. As
unbelievable as it may sound, a success rate of over 95% may be achieved if one
masters the fundamentals of this technique.

To summarize, here are the important points of this procedure.

Preparation: = Have all equipment and materials readily available for use when
needed.

Step 1: Anneal and, if necessary, thoroughly clean the glassware.

Step 2: Slowly heat and cover the glass with a heavy layer of soot using the
annealing burner.

Step 3: Increase the heat of the annealing burner until approximately halfof the
soot has burned off.

Step 4: Using the Cannon burner with an air gap in the flame, burn off the
remaining soot.

Step 5: Use the hand torch with a soft blue flame to heal the crack. Incorporate
the heating, removing, heating, removing technique.

Step 6: Completely seal the crack inside and out using the hand torch with a hot,
sharp flame.

Step 7: Flame and oven-anneal the glassware.

When faced with a repair that involves healing a crack, one should always
determine whether it is more economical to repair the damage or build a new piece
of apparatus. If the decisionis torepair the apparatus, then please give this technique
a try.

Good luck!

Respectfully,
William Wasemiller
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LEAK DETECTION IN VACUUM GLASSWARE
Richard C. Nagle
GE Lighting
Nela Park - Noble Road
East Cleveland, OH 44112

When a glassblower makes scientific apparatus that is meant to hold a vacuum,
there are certain precautions he must take to make sure it will indeed maintain that
vacuum. However, even the best of us make a mistake sometimes. And there are a
variety of ways to find this error. This paper will present and discuss the different
methods most commonly used to detect leaks, from our ears and eyes to Mass
Spectrometer Leak Detectors.

The first,and most familiar method used to detectleaks, are our eyes and ears. (see
Slide 1 - Eye & Ear) We will either hear the all too familiar gurgling of a roughing
pump or hear a turbo pump whine down. Periodically, this leads to the visual
discovery of a crack or other defect. But if this doesn’t work, we can use our eyes in
a different manner — to watch the vacuum gauge while we spray our system with an
alcohol such as Methanol or other solution like Acetone. There are also commercially
available sprays to squirt over your vacuum lines for the specific purpose of helping
you find leaks. While pumping, spray the suspect area with the tracer fluid. Watch
your gauge while doing this. When you spray the leak, the pressure should rise. One
problem of this technique is that it is possible to plug up small leaks with either the
liquid being used or by the movement of dirt around the leak. But if you watch the
gauge closely enough, you will be able to tell if this has happened. The gauge shows
an increase in pressure but returns to a good vacuum in a few moments, and, when
the area is re-tested, the leak doesn’t show. It is important, however, to find the leak
and repair it. You should have an idea where it approximately is.

If none of the previous methods appeal to you, it may be because your favorite
method of testing for leaks is the one invented by Dr. Nikola Tesla, the Tesla coil.
Teslacoils,inventedin thelate 1890’s, were one of the earliest forms of leak detectors,
though that wasn’t the reason for their invention. Tesla coils, or spark coils, are useful
for finding leaks in systems that can be evacuated to pressures ranging from 10 to 10-
2 Torr. Be careful — the coil produces high-frequency, high voltage oscillations which
are about 40 to 50 thousand volts. The amperage output of 3 to 5 milliamps isn’t
enough to kill you, but you probably won’t enjoy the feeling. A Tesla coil can be
something as simple as a home-made device made with any high-frequency trans-
former such as a television flyback transformer, or the commercial type consisting of
an adjustable interrupter, a usually vibrating spark gap, condenser, resonator coil
and gap tip.

The main way to use a Tesla coil to detect leaks is to pass the tip of it over the item
beinginspected. (Slide 2 - Passing Over.) When the probe passes to within about 6mm
of the leak, a spark will jump to the leak and a very bright spark can be seen going
into the system where the leak is located. (See Slide 3 - Leak.)

The scanning speed of this technique can be as fast as several meters per minute,
and the little skill needed in using this technique makes it easy for even the most
inexperienced operator. This works best on either an all-glass system, or one
composed of chiefly glass, since the spark will readily jump to the nearest metal
surface. (See Slide 4 - Metal Jump.)

Butthereisa drawback of the Tesla coil that many of us are probably familiar with
—thatis, the ability of it to make a leak in vacuum glassware using the same powers
it has to detect leaks. This electrically induced puncture most often occurs at a point
where glassis weakest, such as where two pieces were joined together, or where a thin
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wall exists. It is also most often made by one who is inexperienced in the use of the
coil, as experience dictates that one doesn’t hold the coil over the same spot for long
periods of time. If the leak is especially difficult to find, or if there are glass-to-metal
seals in the apparatus that are suspect, a Tesla coil might not be adequate. In cases
like these, a Gas Leak Detector might be the right tool for the job.

Gas leak detectors, (see Slide 5 - Thermal Conductivity Tester) or Thermal Con-
ductivity leak detectors, are usually small, hand-held units that can sniff out leaks
as small as 1 x 10-5 c¢/SEC. This is done by pressurizing the item to be tested with
any gas mixture possessing thermal conductivity values different than air. The in-
strument’s probe is then passed over the item, and the internal pump draws a sample
into the specially selected low volume thermal conductivity cell. Many of these instru-
ments use a thermal conductivity detector in a Wheatstone Bridge circuit. (See Slide
6 - Wheatstone Bridge.) You can see the air is drawn in by a fan or pump across 2
filaments — one from the probe tip, another to sample the ambient air. The
electronics compare the two, and give a readout based on whether it detects a
difference between the two. The relatively low operating temperature of the fila-
ments makes the hot wire bridge leak detector safe to use under most conditions. Just
a note of caution, however, many leak detectors like this are not designed to detect
leaks of combustible gases. A combustible gas detector should be used for determina-
tion of combustible gas leaks in hazardous conditions. (See Slide 7 - Gauge Close-up.)
If the thermal conductivity properties of the sample vary from the ambient air, a
needle on the face of the detector deflects, indicating a leak. The center of the gauge
is zero, so if the tracer gas you’re using is lighter than air, such as helium, the gauge
will deflect to the right. If the tracer gas is heavier than air, such as argon, the gauge
will deflect to the left. And remember to start testing for leaks at the bottom of the
apparatus if you’re using a light tracer gas such as helium, or start at the top if the
gas you’re using is heavier than air, such as argon, so you don’t track the escaping
tracer gas as it goes into the atmosphere. The leakage sensitivity depends on the
relative differences of the thermal conductivities of the different gases that are used.
(See Slide 8 - Therm. Conduct. Chart.) This chart shows that helium has a larger
difference in thermal conductivity than air, and is therefore more sensitive to leaks.
But, don’t forget, the smaller the leak is, the less tracer gas will leak out, which also
affects the leak sensitivity. A drawback of this leak detector is that, due to the
relatively long response time of thermal gauges and the slow gas sampling rate, the
user may tend to pass over the leak before it registers. So the leak may have to be
located by successive passes of the sampling tube. Another disadvantage is that you
have to be careful about where you breathe, because the moisture in your breath will
cause the gauge todeflect. The placement of your handsis crucial, too, as the moisture
from your skin will also cause the gauge to deflect. Leaks as small as 1 x 10-5 can be
detected if the operator is skilled. The simplicity of this instrument, along with it’s
relatively low cost ($750-$950), make it easy for even modest Glass Shops to own and
use.

(See Slide 9-MS18-AB.) Ifeven more sensitivityis desired, and costisn’t too much
of a problem, one of the many models of Mass Spectrometer leak test stations can be
purchased. (See Slide 10 - Detail Dwg. MS18-AB.) These usually consist of a mass
spectrometer, a complete vacuum system and all the electronics necessary for the
proper operation of the spectrometer tube. The mass spectrometer leak detector is
one of the most sensitive and accurate instruments known for indicating extremely
small leaks, by measuring the rate of flow of helium through the leaks. Leaks as small
as 6 x 10-12 c¢/SEC of air at atmospheric pressure can be found with these
instruments. Maximum operating pressure is about 3x 10-4; many units have special
throttling valves soitems with larger leaks can be tested. Here’s how they work: (See
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Slide 11 - Det. Dwg. CEE Tube.) The gas molecules from the object being tested enter.
Since neutral atoms and molecules of gas cannot be separated by a mass spec, they
must first be converted to positively charged ions. This is accomplished by the ion
source. Inside the ion source is a tungsten filament which is heated by an electric
current. The hot filament emits a regulated beam of electrons. When these electrons
collide with the atoms and molecules of gas, they “knock off” electrons, producing
positive ions. Upon formation, these ions encounter the electrostatic fields estab-
lished within the ion source by the ion repeller, the ion chamber, the focusing plates,
and the object plate. The effect is to accelerate the ions in a well defined beam. Since
the gas entering the tube contains atoms and molecules of different kinds, the ion
beam will also contain a variety of ions, such as nitrogen, oxygen, carbon dioxide, and,
if a leak is found, Helium. The magnetic field separates the helium ions from the
remainder of the ion beam, and deflects these ions on to the detector. Only helium has
the correct mass to pass through the magnetic section and through the baffle
openings to the other side. Most of the other ions will be deflected too much or too
little, and intercepted by the baffles between the two magnets. The helium ions must
now pass through another series of baffles which further defines the beam. Located
behind these baffles is the target. As an arriving helium ion strikes, the target
becomes positively charged, and an electron flows towards the charge of theion. The
flow of these electrons constitutes a minute current — about 10! microamps. (See
Slide 12 - Ion Collector and Source.) The current flow is then detected and amplified,
which appears as a visual indicator on the leak indicator gauge. One disadvantage
of this type of leak detector is that it must be turned on in advance to leak detection
so the diffusion pump can warm up. A turbo pump on this type of equipment would
be nice, but it makes an already expensive piece of equipment all the more expensive.
Also, a turbo pump would not handle the rapid changes in pressure that a leak
detector of this type would be likely to encounter. Testing is done by one of three ways.
(See Slide 13 - 3 Way Testing.) The easiest, in my opinion, is to pull a vacuum on the
item to be tested from the leak detector. If the leak is small enough, which means it
will pump down to at least 3 x 104, most leak detectors will be able to pump on it
unassisted by the operator. However, if the leak is larger, you may have to use the
throttle valve. This valve allows the operator tojust barely open the item being tested
to the high vacuum side of the pumps and the mass spec tube, which allows you to
still check the apparatus for leaks even though it may have a relatively large leak.
Once an adequate vacuum is obtained, the object is then sprayed with helium while
watching the leak indicator gauge. As before, watch how you spray the helium. Too
large of a flow may give areading of a leak due to stray helium around the apparatus,
or from starting at the bottom and going up, surrounding the whole apparatus
immediately with helium. When the gauge deflects, the leak has been found. Most
gauges are set up in such a way as to measure the actual rate of leakage, should you
desire that information. But if you have used the throttle valve, you will get an
inaccurate reading as to the size of the leak — you will just find out where the leak
is located. Like the gas leak detector mentioned earlier, sniffing for the leak is also
possible. The object is pressurized with helium, and a sniffer probe is attached to the
leak detector using a flexible rubber vacuum hose. When the sniffer is passed over a
leak, the outflowing helium enters the system by the sniffer and is detected by the
mass spectrometer. Pressure testing is useful, however, it’s sensitivity is less than
that of vacuum testing since the sniffer admits some surrounding air which dilutes
the helium tracer gas. This method just shows you where the leak is — you can’t use
the gauge to see how big it is. Pressure-vacuum testing is also a good way to test for
leaks; however, you don’t know where the leak is located or how big it is — you just
know whether the tested object leaks or not. The object is filled with helium, and
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placedin a chamber evacuated by the leak detector. You then watch the gauge for any
signs of helium being present. Since the object being tested is surrounded by vacuum,
no dilution occurs, and maximum sensitivity results.

If the world were a perfect place, leaks in vacuum glassware would not exist. And
no matter how hard we try, even the best of us make mistakes sometimes. But with
the proper use of the proper leak detection method, those mistakes should be seen by
no one but ourselves.
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FABRICATION AND SEALING OF QUARTZ FLANGES
Michael P. Dennin and William J. Jones
General Electric Company
Corporate Research and Develapment

Schenectady, New York 12301

Introduction

This paper deals with the fabrication and sealing of quartz flanges. We will try to
show, step by step, how to create a flange from quartz plate and then a technique used
to seal it to the required tubing. Although the use of flanges has diminished, it still
hasits advantages in certain applications such as: Reaction Kettles, Furnace Tubes,
and Bell Jars.

The seal between two flanges or a flange and another flat surface can be
accomplished in a number of ways. The most common means is the use of a rubber
O-ring. The O-ring is placed between the flanges which are then held together by an
appropriate sized clamp. Seals may also be obtained through the use of a rubber
gasket, gaskets fabricated from RTV 630 or a similar silicone rubber compound and,
in the case of flanges used on bell jars, a sealing wax which will produce a vacuum
tight seal. In all casesit should be noted that
the flange’s sealing surface should be dirt-
free, scratch-free and flat so a vacuum tight
seal will be obtained.

Fabrication Equipment

The fabrication of a flange (fig. 1) is a
simple process which requires minimal
grinding experience and basic machine shop
equipment. The flange is drilled and ground

using a simple drill press, using drills ma-
chined from stock brass with 150 grit silica
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Figure 2
What is initially required are three brass drills (fig. 2), each one machined to a
specific size to achieve the desired dimensions of the flange. It should be noted that
the size of the drills should take into account an added 15 mil. loss of material due
tothe grinding process. The first two drills used will cut the glass stock to the desired
I.D. and O.D. required of the flange. The wall thickness of these drills will be
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approximately 1/16 inch. The inside depth of the drill must be deep enough to
accommodate the thickness of stock plus the amount of wear. The drills are made
with added depth (approximately 3 inches) so they can be used again, whether for
fabrication of flanges, discs or other processes. The smaller of the two drills will be
used to cut out the I.D. of the flange. The critical measurement of this drill will be its
0.D. and it should measure 15 mils. less than the required I.D. of the flange. The
larger of these drills will be used to cut the O.D. of the flange. Its critical measurement
will be its I.D. and it should measure 15 mils. greater than the required O.D. of the
flange. The third and last drill required will be used to grind away the excess glass,
thus leaving the desired size tubing wall coming off the base of the flange. Its I.D.
should be 15 mils. greater than the O.D. measurern.ent of the piece of glass that the
flange will eventually be sealed to. The O.D. of the third drill should be slightly larger
than the required base of the flange. The depth of this drill will carry the same
perimeters of the other two drills.

The remaining materials and equipment are basic and, if not, a stock glass shop
item that may easily be acquired. What is needed is glass stock of either quartz or
pyrex. This stock should be at least 1/2 inch thick so the fabricated flange will have
enough depth and, therefore, enough strength. Standard plate glass can be used as
backing for the stock that is to be drilled. This plate should be large enough to hold
the stock plus have room to be clamped down. This backing plate should be at least
1/4 inch thick for strength and drill-through clearance. The stock is held to the
backing plate be means of wax, which is melted between two pieces of glass. The two
pieces are pressed together and the wax is allowed to harden. The set-up is clamped
in a standard manual drill press (fig. 3) and then drilled to the desired dimensions
ofthe flange, using the previously mentioned brass drillsand aslurry of 150 grit silica
carbide powder as the grinding medium.

Clamp Wax Seal
Glass Stock L‘/)\

Backing Plate 1
Drill Press Bed l
Figure 3

Fabrication Procedures

The process by which a flange is fabricated follows a simple step-by-step proce-
dure. With the proper equipment and material, the process should take approxi-
mately three to four hours to complete.

The first step in the fabrication procedure is the set-up of materials. The stock
glass is attached to a backing plate by means cf red jewelers wax or a similar wax.
The wax is dripped onto the backing plate by holding it in the gas flame of a torch.
The stock is then placed on top of the backing plate and wax. The material is placed
in an oven and then heated just long enough for the wax to flow evenly. The material
is removed and pressed together to remove air pockets and obtain an even distribu-

30



tion of wax under the entire surface of stock. When the wax sets up, the material can
be centered on the bed of the drill press and firmly clamped down (fig. 3).

The second step in the process ig the drilling of the stock. The drill speed should
be set to approximately 800 rpm. The first two drilling operations will be performed
with the type 1 drills. It makes no difference whether the O.D. or I.D. of the flange
is drilled first. With the drill in place, a well made of Apiezon Q Sealing Compound
(or any formable putty) is made slightly larger than the O.D. of the drill. The well will
be used to contain the silica carbide slurry. A sufficient amount of slurry, made of 150
gritsilica carbide powder and Doo All Water Soluble Coolant or water, is placed inside
the well. With the drill press on, the drill is manually lowered to the surface of the
glass stock. A repetitive up and down motion allows fresh slurry to come between the
drill and surface of glass stock. Fresh slurry can be added as needed. As the drilling
process proceeds, the depth the drill has penetrated the surface should be noted. The
drill should go down the thickness of the stock plus 1/8 inch. This will assure that a
straight wall is formed. As a check to make sure the drill is through the stock, you can
look through the edge of the backing plate to see if the drill has penetrated through
and into the backing plate. Both the O.D. and L.D. of the flange are drilled in this
manner.

With the O.D. and I.D. of the flange drilled, the third drilling process, using the
type 2 drill, will finish the process of fabricating a flange. Before the third drilling
process takes place, the excess scrap stock should be removed from around the
outside of the drilling area. This excess glass is removed by gently tapping a razor

blade between the edge of the excess
stock and the backing plate. This will
lift off the excess stock. A new wellis
formed around the stock, filled with
retaining l l
well

type 3
drill

slurry and drilled using the same
150 s‘l:::'?m“ process as the other two drilling pro-
cedures. Glassis ground away to half
the thickness of the original stock (fig
4). If possible, the drill should be
faced off and the last 1/32 of an inch
taken off so that a square and flat

Figure 4 surface is obtained.

With the drilling process complete, the flange is then removed from the backing
plate. The backing plate and flange are warmed in an oven until the wax is softened.
Upon softening, the flange is removed from the backing plate. The flange is cleaned
of wax using acetone as a cleaning solvent. Once cleaned of wax, the flange is ready
to be used.

Sealing Procedure

Asinmost glassblowing operations, there are many different ways to perform any
given task. The same holds true with the sealing of a flange to a given piece of
apparatus. The major problem encountered in working a flange is thatitis relatively
short; it is, therefore, hard to hold and at the same time make air tight. We will
describe a technique for sealing quartz flanges that will address both of these
problems very successfully.

The first step in the sealing procedure is to support the quartz flange on a piece
of quartz tubing. This set-up is supported in one chuck of a glassblowing lathe with
the flange side away from the chuck. Placed in the opposite chuck is a short piece of
quartz whose I.D. is slightly larger than the O.D. of the flange. A blow hose is
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connected to this piece of quartz. The quartz tubingis placed just over the flange. The
quartzis preheated, then softened just enough to press the tubing down on the inside
edge of the flange (fig. 5). The flange support is removed and the flange is now
supported by the outer tubing with a blow hose connected. The flange and tubing
holder should be kept heated until final processing. With the flange and holder
supported in one chuck, the apparatus the flange will be sealed to is supported in the
second chuck. The seal can now be fused without worry of support or not being able
to blow into the apparatus (fig. 6).

lathe

D to
blow
tude

quartz holder

Figure 5 Figure 6

The final step in this process is the removal of the glass holder. If care was taken
not to fuse the holder onto the flange, the tubing can be cut away close to the flange
and ground off with a wet belt sander. The excess quartz will just fall off and final
touch-up can be made with the belt sander.
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CONSTRUCTION OF A 90MM INFRARED SPECTROPHOTOMETER
CELL THAT ALLOWS EASY MIRROR ALIGNMENT
Larry Harmon
Carnegie-Mellon University

I don’t know about you, but when I am asked to do something different, I want to
know what the scientist is working on. Many times by knowing what he is trying to
accomplish, you can input design changes from the glassblower’s prospective. Often
this makes for a better design, easier to repair, and the bonus is you’ve learned
something new.

The piece that I was asked to build was a reference cell body, for an Infrared
Spectraphotometer, that sets on top of the smokestacks of electric power generation
plants.

By the way, you may be interested to know that the typical pH of rain in the eastern
United Statesis below 5 and sometimes as low as 4. This is caused by Sulfur Dioxide
and Nitrous Oxides that exit these stacks. The Infrared Spectraphotometer is one
method that is used to monitor these effluents.

The existing cell that I was asked to duplicate was a 90mm cell body, with a tooled
ridge for supporting the mirrors and a sidearm for tilling with the reference gasses.
(see figure 1)

However, the design of the original cell made mirror alignment slow and tedious,
sometimes taking several hours per cell because the slight curve on the mirror
support ridge required repeated aligning and testing.

The cell design that I suggested, and ultimately made, was to seal borosilicate
“rings” inside the 90mm tubing. (see figure 2)

To get the exact spacing and near perfect alignment required, I started with the
machine shop. They turned a large piece of graphite to fit inside a 90mm tube, then
faced off one end dead true. Inserting the glass tube in the tail stock, and the graphite
mandrel in the head stock, I tilted my lathe to approximately 30 degrees above
horizontal and slipped the ring in the tube to rest on the mandrel. (see figure 3)

I warmed the tube and ring using a gas/air annealing burner. When the tube was
up to temperature, I removed the annealing burner and made the initial stick. Then
Iimmediately lowered the lathe to horizontal and, speeding the lathe, sealed the ring
inside the tube.

I found that by heating deeply enough into the tube and ring, just before
deformation of the ring, the subsequent centrifugal force causes enough flow at the
interface to overcome any reentrant angle problems.

It is important that you now immediately get the annealing burner back on the
piece.

Tilt the lathe again and insert the second ring. Using accurate calipers, set the
space between the rings.

Repeat the procedure of the first ring.

Using your blowhose for the first time, seal the fill tube onto the side of the 90mm
tube. The graphite mandrel will act as a stopper. See figure 2 for placement of fill tube.

Remove the glass from the lathe and place into a preheated annealing oven.

When you remove the annealed cell from the oven, saw the excess tubing from the
cell, bringing it to the final dimension. Again refer to figure 2.
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The final step is to sandblast the mirror supports. This makes better bonding of
the epoxy adhesive that holds the mirrors in place.

After the cells go back to the lab for mirror installation, they are returned to be
evacuated to 10-5 Torr, prior to backfilling with; Sulfur Dioxide, Nitrous Oxide,
Carbon Dioxide, and Carbon Monoxide.
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Improved Cell Body
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ADVENTURES WITH IONIZED GAS LIGHTING
David Grant Maul

Many sleepless nights went into accomplishing this project. My early interest in
plasma globe construction was sparked by a conversation with Jimmy “Neon” Morris
in Munich, Germany at the A.S.G.S. International Symposium in 1986. Six months
later in the spring of 1987, Kim, my wife, Robert (then three months old), and I flew
to the west coast to visit Jim Morris at his log cabin palace north of Seattle,
Washington. At that time he gave me a short reprint of an article about the electronic
power supply construction. I had hoped to see a globe while in Seattle but we couldn’t
locate one. I knewif I could see one I could build it. Back in Michigan, Randy Hansen,
a co-worker and buddy, returned from a trip to California where he had seen some
globes. He said we could do the glassblowing. Now I was getting closer to my goal of
building a plasma globe.

Then there were long distant calls to my old high school buddy, Kim Heard, who
grows computer chip crystals in a plasma environment. He described to me how
plasmais the fourth state of matter. Enthusiastic Mark Ward, another friend of mine,
showed me a set of plans he had obtained for the construction of a plasma lamp made
from a five gallon water bottle. Then, after conferring with veteran neon artists
Robert Hansen and Robert Maul about rare gases and pressures, all the parts of this
detective story were now coming together .

Although it is not my intention to tell all there is to know about plasma globes, I
will show how a skilled glassblower can build and fill a homemade globe. There are
numerous expenses though. Like in anything you want to do, you always have to do
something else first; like make equipment. You will need an annealing oven; vacuum
pump; rare gases; a vacuum manifold; Tesla coil; diffusion pump (optional). A
university glassblower could build one at his lab at less expense to himself.

Since I was originally trained as a neon sign glassblower, I approached filling this
globelike filling a neon sign. In constructing the manifold, Iused Ace #15 o-ring joints
to attach the lead glass flasks of rare gas to my pyrex manifold. A system of double
2mm glass stopcocks was used to introduce the rare gas. A small mercury manometer
was used toread vacuum and a homemade easy-read gauge toread rare gas pressure.
The manifold should have a minimum of 15mm I.D., Some manifolds have been made
with compression fittings and metal tubing for use with compressed gas cylinders. If
you’re doing large flasks and lots of them, this might be the way to go.

After you have your manifold system built and mounted on or near your annealing
oven, it’s time to build the plasma globe. At first I thought I needed a lathe to do this
jobbutalas, I had an ideafor a super flask holder. It cost about $9.00 to build. To avoid
scratching the expensive flask, I used three rubber roller wheels set into a massive
block of wood. I ordered the 12liter flask from Chem Glass. After I marked and score
popped the ring neck off the flask, I placed a damp Fibre Frax hear sink on the top
shoulder of the flask. This kept the main body of the flask cool so I could roll it. The
electrode assembly consists of 7/8" heavy wall tubing sealed inside some 2" and 3/4"
0.D. tubing like a dewer or cold trap, then blown off, flame polished, and welded on
neck of flask. Then I sealed the flask to the pumping manifold and annealed it at
565°C for 1/2 hour. When the oven cooled to 450°C, I turned on the vacuum pump and
let it pump all night. This is where the sleepless nights come in. Make sure your
vacuum pump and motor can make it through the night. After the pump down process
is complete, the flask can be filled.

A small bunch of stainless steel wool, (Chore-Boy™), is inserted into the inner
electrode tube. This is attached via a high voltage neon cable to the power supply or
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six printings and two editions later) the book is still widely and favorably received
(Picture 2). This was reviewed in the May, 1989 issue of Fusion.”

The philosophy of both of my courses, and thus also of my book, was to expose as
many people as possible to glassblowing. Chemistry students would obviously find
the scientific glassblowing course useful. Itis of some immediate satisfaction for them
to find that they can repair that piece of glassware they broke in lab last week or to
construct that piece of equipment they need for their research but which is missing
from the stockroom. These are the obvious payoffs for taking such a course. But, in
my opinion, there are a number of other less obvious benefits. I think it is important
for these chemistry students to learn to recognize which things can be repaired and
which things cannot. Also, it is just as important to appreciate what would have to
be done to make or repair a complicated piece of glassware, even if they lacked the
skills to do the work themselves. Perhaps the greatest benefit of the scientic
glassblowing course has been to train some of our future scientists to communicate
more effectively with the professional glassblowers and to learn to appreciate their
point of view. From personal experience, I have seen that people without any
background in glass work sometimes come to expect impossible operations from
glassblowers. At least those with some training will recognize that the “impossible”
jobs should always be scheduled well in advance of when the glasswareis needed! The
pointisthatthere are many good things which come from such a course, even to those
who will never light a torch again, once they leave our campus.

Just a few words along the same lines about our “general” or “artistic” glassblow-
ingcourse. T have been convinced for some time that glassis a very exciting substance.
There is really nothing else quite like it. I wanted to let as many students as possible
discover this for themselves. Numerous students learn to work with pottery or wood
or metal, yet hardly anyone was given a chance to learn to work with glass. In some
small way, I wanted to begin to change this.

It’s no secret, nor is it a surprise, that the greatest number of my students turned
out to be these general glassblowing students, not scientific students. In the seven
years I have been able to offer glassblowing courses on our campus, 80% of the
students (an average of 31 each year) have enrolled in general glassblowing. (This
was over a period of eleven years, as in some years my duties and responsibilities
prevented me from offering either course.) Twenty percent (an average of 7 each year)
have enrolled in scientific glassblowing. You will note that while I do not reach a
tremendous number of students each year, the number is nonetheless significant. If
I'had the time to offer the courses more often, I am sure that I could double the yearly
enrollments without any trouble whatsoever. Thisisn’t bad considering that the total
enrollment at our university is only about 2600. I should also mention that I have
taught a wide range of ages of students (high school to retired) in my classes. To the
best of my knowledge, none of my scientific students have gone on to become
professional glassblowers, although a few have considered it. But keep in mind that
most of these students were already rather committed, being junior or senior
chemistry majors, when they enrolled in the course. Thus, it is obvious that my class
serves an entirely different purpose than do those more thorough courses offered at
schools such as Salem Community College. In this paper, I will limit most of the rest
of my remarks to my scientific classes.

The scientific glassblowing class at Southwest State University is a one quarter
course, offered for two credits. The course involves approximately four hours of actual
class and laboratory work each week. Each student is furnished with his own torch
and a full set of tools, and each student is given a locker in which to keep his tools and
his work. A list of the items included in each set of tools is given below:
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structive comments. Some exercises are graded “check-plus”, “check” or “check-
minus” whereas the more involved ones are graded “A-F”. At the next class, I make
it a point to make individual comments to each student about his work.

This method of teaching has allowed me (after some experience) to supervise a
surprisingly large number of students. There is no doubt that smaller classes may be
better, but I have had scientific classes as large as 14 and as small as 3. Seven seems
to be an ideal number for these scientific classes, as this is small enough to be
manageable and yet large enough so that the students have a good opportunity to
learn from watching one another. In my opinion, this is an important aspect of their
learning.

Final class grades are “A-F”. We do allow students to keep any completed item as
long asit has been checked for safety, but we require that each student leave at least
one finished item representing his best work, for our display case in the hallway
outside the lab.

A typical outline for our scientific glassblowing course is given below:
Class #1  Introduction to the course

Tour of glass lab

Operation of hand torch

Check out of tools
Class #2  Cutting techniques

Fire polishing

Rotation of the glass

Joining rod

Flame cuts

Initial demonstration of joining tubing (butt seals)
Class #3  Review of tubing butt seals

Initial demonstration of T-seals

Discuss repairing cracks

Operation of polariscope and annealing oven
Class #4  Review T-seals

Initial demonstration of round-bottoms
Class #5  Review round-bottoms

Initial demonstration of through-seals

Short quiz on borosilicate glass and glassblowing terms
Class #6  Review through-seals

Initial demonstration of vacuum trap construction

Short lecture on scientific glassware, standard tapered joints, stop-
cocks

Discussion on the use of catalogs, other books and Fusion asreference
materials

Class #7  Review vacuum trap construction
Initial demonstration of condenser construction
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NATURALLY OCCURRING GLASSES
Michael Olsen
Yale University
New Haven, Connecticut

The glasses found in nature generally fall into two broad classifications
regarding their origin. These are liquid-state and solid-state transformation glasses.
The most common is liquid-state transformation, which results in a ‘normal’ glass.
Normal glasses are formed by natural processes corresponding to the conventional
hot-melt technology used by man to compound ‘artificial’ glasses. As a result of
heating a crystalline material to above its solid-liquid phase transition temperature
the material melts, and by rapid cooling the recrystallization of the originally
crystalline parent material is avoided and the result is an amorphous superviscous
liquid: glass. Typical examples of naturally occurring normal glasses include the
volcanic glasses obsidian and pumice. A more unusual example is fulgurite, which
results when lightning strikes the earth. Fulgurites can be very extensive and
delicate, composed of numerous tiny, hollow branches. They are very glassy on their
inner surfaces and have unfused sand adhering to their outer surfaces.

Less common among the natural glasses are those which result from the solid-
state transformation of an initially crystalline parent material by means of intense
physical shock. The regularly ordered chemical bonds of a crystal are broken by the
shock and then rapidly reform into a random network. Although the outlines of the
crystal boundaries of the originally crystalline parent material may remain, the
resultant material is amorphous. Note that this process is instantaneous and does
not require the external application of heat. Ultramylonite and pitchstone are solid-
state glasses which were transformed deep in the earth by seismic shock waves
originating from tectonic movements (earthquakes).

A relatively insignificant classification of terrestrial glasses comprises those
formed by vapor-phase transformation whereby parent material is vaporized and
then condenses upon a cooler substrate to deposit a glass. Such a process may be
responsible for the highly glassy coating on the inner surface of fulgurite. Artificial
(man-made) vapor-phase glasses include those resulting from the chemical vapor
deposition (CVD) process used to fabricate fiber optic cables, and the fusion of the
earth’s crustresulting from nuclear explosions. Trinitite is the fusion crust which can
be collected at the site of the Trinity experiment near Alamogordo, New Mexico.

All of the glasses discussed thus far have resulted from geophysical forces; the
terestrial ‘glory hole’. The generative forces of all the glasses to follow are either
extraterrestrial or entirely unknown.

Virtually all stony meteorites evidence a thin and brittle, vitreous fusion crust.
Fusion crust is found intact only on freshly gathered or well preserved meteorites.
The fusion crust results from frictional heating of the outer surface of the meteorite
during its fall through the atmosphere.

Upon impact, a large nickel-iron meteorite will create an immense shock wave
radiating through the crust from the impact point, and will launch surface material
(ejecta) in the process of cratering. The shock wave can create solid-phase trans-
formed glass such as the shock-metamorphosed sandstone found at the Canyon
Diablo site (the great ‘Meteor Crater’) in Arizona. Largely resembling the surround-
ing surface material, the shock-metamorphosed sandstone still retains the granular
appearance of sandstone, yet it is aglass. The ejecta from cratering can be both shock-
metamorphosed and then heated by friction within the atmosphere when launched
from the crater.
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The majority of meteorites have come from the asteroid belt located between Mars
and Jupiter. This material is most likely the remains of a planet which was crushed
by impact. The orbits of asteroid belt material are extremely unusual, bringing some
asteroids into the region of the inner planets (including the Earth). The gravitational
pull of Jupiter undoubtedly plays a major role in this.

Meteorites have engaged the imaginations of mankind in all cultures for millen-
nia. Meteorites and their associated debris have been considered as objects worthy
of worship or destroyed as feared omens of ill will. Perhaps the most widely revered
is the holy black stone located in the most sacred Moslem mosque, Kaaba in Mecca,
Saudi Arabia. The ancient worship of this black stone predates modern Islam.

“Today that stone if the most sacred jewel of Islam. Toward it each
devout Moslem is bidden to look five times a day as he prays. It is
called the Right Hand of God on Earth. It is reputed to have been
a stone of Paradise, to have dropped from heaven together with
Adam. It wasoriginally transparent hyacinth, but became black by
reason of being kissed by a sinner. In the day of judgment it will
witnessin favor of all who have touched it with sincere hearts, and
will be endowed with sight and speech.” (Newton, 1897)

In addition to these amazing properties, the Kaaba is also reputed to be able to
float in water.

“The black stone is not a single stone, but is today apparently
composed of eight minor pieces of varying sizes made of the same
rock. The pieces are cemented together and surrounded by a silver
frame, which leaves an area of 20 x 16cm exposed. The largest piece
is said to be the size of a date.” (Thomsen, 1980)

What is it?
“In Saudi Arabia, approximately 1100 km from Mecca, meteorite
craters were found.” (ibid)

This place is called Wabar, and there can be found an impactite glass called Wabar
glass which matches the physical description of the black stone of Kaaba. The
numerous bubbles and hollow spots incorporated into Wabar glass do, in fact, allow
some pieces of it to float in water. Fission track dating assigns an age of from 3900
to 8900 years, which is within a period of known habitation of the area, and is
consistent with its having been observed as coming from ‘heaven’ (note that although
the meteorite fell to earth, the glass did not).

There are some unusual meteorites whose origins have been deduced by mass
spectrographic analysis. A few meteorites appear to be impact ejecta from the surface
of Mars. Another eight appear to have similarly been launched to the earth from the
moon. The asserted origins of these particular stones are consistent with the analysis
of lunar material from the Apollo missions, and from data returned from Mars by the
Viking lander. Similar to other stony meteorites, these stones have glassy fusion
crusts.

Some other glasses found on earth are of unknown origin. Tektites are small
objects composed entirely of glass which are found in several distinct ‘strewn fields’
covering thousands of square kilometers. They range in shape from spherical, to
lenticular, to long and thin strips. Their colors vary from nearly clear to brownish-
green to coal black. Most have pitted, weathered surfaces, and all have shapes and
featuresindicating aerodynamic ablation. They have been proposed to originate from
lunar volcanoes or as ejecta from lunar meteorite impacts, but recently a terrrestrial



origin has been confirmed due to similarities of their chemical composition to
terrestrial materials.

One final glass of unknown origin is Libyan Desert Glass (LDG), which is found
in western Egypt. LDG is a 98% silica glass which is chemically similar to the Nubia
sandstone underlying the nearly 6500 square kilometer region where it is found. It
rangesin color from transparent topale yellow and golden-orange to greenish-brown.
Depending upon the inclusion of bubbles, it may have an opaque milky appearance.
The surfaces of pieces are typically pitted and frosted due to weathering and sand-
blasting. Fission-track dating assigns an age of approximately 28.5 million years
since its formation. At present there is estimated to be 1.4 million kilograms of LDG
remaining from an original mass of 14 billion kilograms, the difference being
accounted for by erosional processes. No fragment of LDG has ever been examined
which evidences a transition zone with the parent material. Two meteorite craters
have been found 150 km west of the glass site, but no LDG is found adjacent to the
craters, and no explanation has been presented to explain the transport of the LDG
toitspresent site. Additionally, a smalliron meteorite wasfound within the southern
end of the glass site in 1979, however it is considered a very recent fall, for its intact
fusion crust would have weathered away in a few hundred years. Considering the
thickness (in excess of 10cm), range, and high silica content (therefore high fusion
temperature), the origin of LDG is truly one of the great mysteries of the world.

The naturally occurring glasses provide a surprising variety of materials from
unexpected sources. It would indeed be a shame if the glassmaking talents of nature
were ignored by man. In particular, the solid-state transformed glasses may be a
hitherto unrecognized means of achieving vitreous materials on a low energy budget.
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THE EXHIBITS: KEYSTONE OF THE ASGS FORUM
Shirley Fake Platt
DYNA-CUT Inc.
Springtown, Pennsylvania 18081

The Exhibits: Keystone of the ASGS Forum?
Why may The Exhibits be viewed as a keystone opportunity?
How may they be utilized to optimum advantage by all?

This paper is preliminary to the report on the survey-based attempt to discern and
foster the effectiveness of THE EXHIBITS PROGRAM OF THE ASGS in fulfilling
the Society objectives of equipping, educating, strengthening the scientific glassblow-
ing community. Statistically and through recounted experiences and opinions of our
membership, that report will reflect the circumstances, aims and recommendations
of glassblowers, of their families, and of our exhibitors whose efforts make available
for us the wealth of opportunity provided through The Exhibits. The following reflects
survey responses to date and an editorialized account of historic and contemporary
background of the event and its participants. -

“In general, I disagree with your premise that the exhibits are the
keystone of the ASGS forum. In planning our meetings, very
careful attention is paid to providing our members education and
information on technique andinnovationin the art of glassblowing.
While the exhibits do give glassblowers the opportunity to receive
information on the latest equipment available, the technical pro-
gram is where we learn glassblowing. Attendance at the seminars,
papers, workshop demos and posters is very important to the
glassblower’s employer who expects this event to improve his/her
skill.

... while I view the exhibits as a VERY important portion of our
meetings, I also view them as secondary to the technical program.
Hence the title, Symposium and Exposition.

»

... I hope this is of some value . . .

Having asked each of you to speak your mind in evaluation of our Exhibits
Program proffering your observations and suggestions alike, I had hoped you would
do just that, speak your mind. Nevertheless, I had been both startled and delighted
at what I found in this short letter. While response to our survey in general has been
particularly challenging and thought provoking as well as informative, this one
especially has given me cause for pause, requiring my double checking definitions of
terms as well as recognizing and evaluating my own perspective, my attitudes,
observations and experiences.

This person had hesitated to send his view, concerned lest he offend my own. For
nearly a quarter of a century my involvement within ASGS has always been oriented
about the exhibits; my children have been nurtured in many ways by its provender,
and, as they have matured and become more involved in its activity, my own
participation hasincreased as well. Hence, itis quite apparent where my enthusiasm
lies. For the sake of our survey and growth, join me in relief and appreciation for his
expressing his view afterall, and, if you have as yet to mail your response by letter
or questionnaire, be encouraged to be as frank in expressing your own opinions,
concerns and recommendations, your support equally appreciated.

Yes, this declaration of viewpoint is of tremendous value, extending well beyond
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point of agreement or disagreement. Each of us views the exhibits from our own
unique perspectives, those oriented In our own needs and experiences, our perception
of Society goals and how those objectives are being served by the exhibits. The
exhibits program, as has been said of the symposium, is many different things to
many people, according to our interests, ages, etc. Our evaluation of its significance
will vary, too, depending upon whether our guidelines are education, economic,
social, etc. Today, our thinking accordingly is oriented about educational objectives
primarily.

The concept of the exhibits program, the exposition, as I see it, encompasses
whatever explanatory audio and visual displays and demonstrations we implement
as well as the traditional booth displays of our suppliers. For our delegates and
exhibitors alike the vendor exhibition in our unique symposia has always been
considerably more than merely a display and source of information focused on
equipment, tools and material. Diverse interests and needs are fulfilled there for all
attendees, our families and guests as well. While our children “have grown up under
the eyes of the A.S.G.S.” the Exhibits Program of the society, of the Symposium and
of ASGS at large, has grown, developed, matured as well.

Most references to our annual program include the terms Symposium, Forum,
Exposition. While specifically unique, by definition (see Webster’s “New World
Dictionary”) they are related by that prime common element, “. . . the discussion and
exchange of ideas.” Supportive, informative, explanatory and technical exchange is
paramount within and around the exhibits as in all other educational components of
our symposium. Not in budget alone do our employers feel the considerable impact
of the exhibits bounty upon the glassblower and skills he’s developed through session
attendance. A skilled craftsman is at a considerable advantage in his work, provided
adequate and quality tools coupled with the knowledge of the most effective and safe
approach to their utilization.

Whether it be in the facilitation of examination and comparison of available tools
of the trade, the opportune and fruitful moment of the one-on-one discussion of
related “hardware” problems or techniques, or in imminent follow-up resulting from
discussion our exhibiting suppliers provide vital support to the glassblowers’ produc-
tion, “holding together” that which is learned in session and the application of that
knowledge back home in the glass shop. I've used the term Keystone as I referred to
The Exhibits. It is defined as “that one of a number of associated parts or things that
supports or holds together the others; . . “. What is communicated and learned while
perusing displays and in discussion between suppliers and attendees certainly
accomplishes this.

The definition of keystone, however, goes one step more: —”. . . main part or
principle”. Has our forum, the symposium, a main or principle portion? ... that one
upon which we all agree unanimously as THE MAIN ATTRACTION? To rank the
elements of the ASGS Symposium one must envision the program without each
element in turn, discerning what needs are left unserved in each omission. Consid-
ered as we do parts of the body, the exhibits may be no more and no less but equally
valuable among the offerings in the program of the ASGS in its endeavor to educate,
inform, equip, strengthen, and support the glassblowing community.

Many of us believe sinceitsinception the exhibits have served those ends well, that
it is being utilized more effectively as we become more aware of how to use its
opportunity to our greatest advantage, and, however, that we have just begun to tap
its boundless potential and, with vision, the entire program will supply the sundry
needs of the glassblower even more comprehensively. It has been vision at work
creating a diversified and balanced program whereby we now accomplish the
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objectives of the ASGS. This balance, each part a complement and reinforcement of
the remainder, is the strength of the ASGS program.

Back in 1955 at Corning, New York that first venture at a national symposium
featured no exhibit such as we know it today. Our board recognized the opportunity
an exhibition affords and the need for it in balancing and enriching its program; the
subsequent gathering in downtown Philadelphia was provided with an exhibition by
ten suppliers, some, themselves glassblowers. Ever since, an exhibition has been a
vital part of symposium and section programs. That small group of exhibitors
continue yet tobe represented in our hall, at least one of them having attended every
symposium. Last year, 1988, in Atlantic City 44 companies displayed in record
proportions. In the recent decade we have seen approximately 65 different participat-
ing companies; a high percentage are regulars, many are locals or repeats as
circumstances afford, and newcomers appear each year.

Those statistics are indicators of growth, but the true measure of growth is vested
in the activities and the seen and unseen elements with which the exhibits have been
imbued. Implicitin those statistics is the increasein the human resources with whom
the glassblower has ready access. Our ranksin the exhibit hallinclude salesmen and
company owners alike, their families continuing the representation into the second
and possibly third generations. Numerous of them are skilled glassblowers and many
are the designers and manufacturers of the equipment, tools and other items
displayed; an impressive percentage of the personnel available in the booths of our
hall have a solid working knowledge of the materials, tools and equipment available
as well as conditions and circumstances under which glassblowers produce.

Our exhibitors are a wellspring of experience and knowledge, providing something
for everyone. The glassblower plies the hall seeking and finding solutions and ideas,
access to the variety of tools of the trade, often inspiration for innovations and
modifications possibly applied to his present equipment and procedures in order to
make his efforts more effective and his work easier. He “can compare and get
questions answered” as is possible thru no other means. The while, families of
attendees and exhibitors alike gain familiarity, understanding and appreciation for
the work engaged in by their breadwinners, progress and plant security affording
them little if any access to the modern workplace. (For more comprehensive discus-
sion of this benefit refer to Proceedings 1986, the paper “Involving Family .. .”).

Our children are prime benefactors of the opportunities afforded by the exhibits,
averitable buffet of scientific and occupational resources, materials and well-written
andillustrated literature. For some it may well provide the inspiration leading them
into glassblowing; but, whether or not they are destined to become active in the trade
of their parent, exhibitor and glassblower alike, they glean knowledge, awareness
and appreciation of limitless value for the present and the future. In addition, they
exercise and develop social and communication skills through exposure herein where
adult rules of conduct prevail.

Our exhibitors’ benefits are none the less varied. Most mention their learning and
their deriving awareness, inspiration and encouragement as well as ideas leading to
improvement in specific products or additions in the product lines with which they
provide us, an acquaintance with their clients as people and personalities and the
establishment of a rapport, more effective communication and the increasing effec-
tiveness of services rendered. Keeping their company name before their market and,
of course, sales have been mentioned as both benefits and objectives as has been
awareness of the competition and renewal of cooperation and personal acquain-
tances. Itisimportant we note that in our exhibitors also are users of materials, tools,
and equipment exhibited in the hall.
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Exhibitors and attendees alike refer to the unique rapport prevailing in our entire
group. The friendly, sociable natureand the supportive, encouraging and cooperative
spirit is felt strongly by newcomers and established members alike. Even among
competitors, camaraderie pervades all activities of the society, and whether or not
one can avail himself of the social portions of our program, that welcome is
appreciated. I refer to this as a benefit we hold in common, its being the binding tie
upon which our success as a society hinges.

Accommodations within the exhibit hall have changed through the years. The
scheduling of refreshment breaks, oriented around sessions and provided within the
hall, affords opportunity for exhibits access to those persons whose sessions interests
fill their day; it tends also to sustain the exhibitors whose circumstances have not
afforded relief from hall responsibilities. Live demonstrations, which in earlier times
had been within the exhibit hall itself, as scheduled events in the symposium
program and as anillustrative approach by individual exhibitors, have been a “mixed
bag” while fulfilling a wide range of objectives. Not only had the purveyor opportunity
to demonstrate the potential of his products and the glassblower illuminate a
particular technique for fellow glassblowers, but fellow exhibitors, our families and
whoever else were attracted at the time gained awarenesses and appreciation vastly
beyond enumeration here. Answers to our questions were profluent in their critical
moment under those circumstances. Possibly, too, it had afforded a more clear and
effective communication of the human resources available to us in our exhibitors.

Today the nature and orientation of live demonstrations has been tempered by a
number of factors, among them fire and safety codes, hook-up expenses, labor
considerations, available space, liability, etc. We’ve had to utilize differently advan-
tageous accommodations and audio-visual aids. In adapting to the limitations set
upon exhibitors and ASGS we have turned them to our advantage, expanding on the
possibilities available to us for maintaining and promoting our objectives. Whether
or not the new innovation in the program, Poster Sessions, may in part be attributed
to this adaptive thinking, it is most advantageous; it has been received enthusiasti-
cally and promises to become even more effective. And today, with more and more of
the technologically modern innovations in audio-visual aids available for use by the
general public, the possibilities are boundless for our sharing and exhibiting,
maintaining and perpetuating the skills we foster.

Literature, photos, posters, slides and videos are used in ever increasing effective-
ness to demonstrate and preserve techniques, exhibit products and promote con-
cepts, ideas. However, according to survey returns to date, in our exhibit hall, the
actual items which can be held, examined, manipulated continue to be the greatest
inimportance. Attendees and exhibitors alike ranked these equally with the dialogue
between exhibitor and attendee. (Interesting, there had been an absence of audio-
visual equipment in use in the exhibit booths this year in Milwaukee.) The most
impressive and effective means for illuminating a skill or a technique remains the
live opportunity where dialogue and questioning are possible, today conducted apart
from the main flow of traffic.

Those tempering factors have considerable impact on the exhibitors. Not only
have they determined how he may present his products to the gathering, they make
the exhibitors’ efforts in general an interesting challenge, one often requiring a sense
of humor. They determine what he chooses to exhibit and how he displays it, the
measures with which he protects his products as well as the means by which he
transports them to the symposium and handles them enroute to and from the booth.
Itis the details of this handling and the before and after activities “behind the exhibit
door” of which most non-exhibitors and some exhibitors mentioned being more orless
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unaware. A “cook’s tour”, a “bird’s eye view”, if you will.

At present, survey returns from among the exhibitorsreflect that as many of them
usually ship their entire display as personally have been transporting and handling
their own in entirety. The greater bulk of exhibitors carry in only their most delicate
or small and lightweight packages, sending the bulk of their exhibit by common
carrier, including UPS, to be hauled into and out from the hall by the drayage firm
or exhibit company. The determinant of this percentage most usually is distance,
cost, and reputation of “the town”.

Because the draymen are “general handlers”, those with equipment requiring
special handling, rather than risk loss and damage, elect the alternative headaches
and hassles of customarily hauling and wrestling their own entirely. Even here there
are limitations, rules which at times have required compromise, perhaps, at consid-
erable additional charge, allowing those exhibitors only their presence during their
product’s passage about the premises. These are the men and women who are among
the first to arrive. By the time the “second string” appears, those of us with large
crates to unpack and we who only occasionally self-transport, they already have
located thereasonable and convenient eateries, reconnoitered the hotel facilities, and
plotted the best access routes and most efficient procedure for getting equipment
unloaded and into the hall, sparing the rest of us many a problem.

More often than not “getting in” is no less than a formidable task. First worry is
jockeying their trucksinto position at the door minutes ahead of the exhibit company,
or between its loads. Their timing slightly off, they risk at the least a long intermi-
nable wait, at perhaps the worst, intimidation and threat of slashed tires and other
damages.

Rarely are there loading docks of standard useful elevation. Some of our men still
chuckle about one of those rare times when the hotel did have a proper loading dock,
but the route to the exhibit hall from there was circuitously involved. More often than
not, getting heavier equipmentin hasrequired dragging and shoving crates and gear
through the parking garages, hotel kitchens, and service corridors onto notoriously
inadequate and poorly maintained freight elevators which, at their best, are scarcely
designed for the weight or volume of trade show loads such as ours. Atbest they grunt
and groan and jerk spasmodically, but more usually doors work too hastily or not at
all, or the elevators simply break down, and at that repeatedly, some makes more
notoriously than others; and some recover miraculously when “grease”is adequately
applied to furtively outstretched palms, or possibly “more than meets the eye” in the
delayed return of service, . . .

Occasionally service elevators have simply not been spacious enough to accommo-
date the dimensions of our pieces. In another hotel, while an elevator had been
sufficient, the corridor between it and the exhibit hall had a kink in it, making off-
loading some longer items impossible. At times such as this, if alternate access is not
possible, the item never does reach the hall, a predicament not unusual in the trade
show experience. While numerous of our larger suppliers display in two to four other
shows annually, most of our exhibitors whohave thus far responded to the survey cite
ASGS as their primary if not their only showing. As our own exhibitors and
committees have benefitted from experience, they’ve learned what tonotice and what
questions to ask, what detailed information must be received by the exhibitors well
enough in advance for their planning their displays around accommodations, pre-
venting many a hangup . . . until, in compliance with Murphy’s Law, we discover a
new wrinkle, or more!

While incoming boxes and bulky wooden crates of sundry dimensions and weight
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are shuffled about the hotel, the decorating crew of the exhibit company saunter
about screwing pipes and poles into bases, erecting the framework of the booths,
draping the dividing curtains, stapling table-tops with paper covers and re-usable
taffeta skirts. They've barely begun as, mid the cacophany and breath-robbing
belches of diesel exhaust, draymen astride monstrous forklift trucks and exhibitors
with their muscle-powered dollies heavy-laden, descend upon the hall like stage
hands or circus roustabouts, clogging the aisles and every open space with their
cargo. Our crews, usually the same folk who later man the booths, uncrate and
attempt to render order to the chaos within their own booth, lending tools and a
helping hand to fellow exhibitors, dodging crates and scurrying mates, the while
making-way the draymen who ply those clogged passageways intent and unyielding
as Pharoah’s pyramid builders. Exhibits company vendors circulate, making one last
pitch to “sell”, at formidable rental fees, fixtures they install to light the dark corners
and operate displays, and distributing the forms that spell release at the other end
of the week.

This is a time requiring alert security. Hired security guards man the doors;
symposium committee people circulate, lending a hand and additional eyes as they
provide for the many needs and uncertainties of the operation; and our own crews
exercise necessary precautions. Despite all this, occasionally tools, wares, and
wallets walk, accidents have happened. Excitement, organized confusion and dis-
traction fill the air as when the circus came to town or Brigadoon had waked for
another day. Exhibitors busily make ready while helping out and enthusiastically
greeting exhibits mates, new and old. Emptied crates are prepared for hauling to
storage much as they’d been brought in and will again be returned in a few days for
repacking and dispatching; a moment to visit and catch a breath before doing the
sights of the town or a needed rest before the doors open for Hours . . .

In advance of Symposium, the exhibitor plansthe contents and layout of his booth;
he also plans how to “idiot proof” his goods for shipment; padding, fastening or
“hanging loose” as materials warrant, packaging his goods lest the worst befall his
boxes and crates. Usually our exhibits arrive intact; occasionally rough handling in
shipment or mid the confusion before Hours takesits toll. Most of us plan our packing
so that, upon the closing of the exhibit hall, that wait til our crates are returned can
be used in padding and boxing our items for re-crating. The rush and pressure is
different at this time, as often personally imposed as it is affected by schedules for
subsequent use of the hall.

For a “gofor” such as I, thisis a time of astonishment, having more opportunity to
notice the handling of the packages left behind as the fleetest packers have departed.
In general, so I'm told, the draymen are duly careful. However, there is always that
one or two (and more) who in ignorance, immaturity, nonchalance, bullish playful-
ness, or simply rotten brutish meanness don’t give a hoot about the well-being of the
contents let alone the time, painstaking effort and considerable investment involved
in building the equipment and producing the tools and materials packed inside.

Seeing a heavy wooden crateful rolled end-over-end across the floor, forklift tines
dashed forthrightly at palletted precision machinery, cartons of fragile glassware
shot-put onto a heap of like packages as one tosses a basketball through a net sets the
heart of the relatively uninitiated in outraged anguish, but the veterans just shake
their heads and finish packing. No sense letting it spoil the good feelings of another
satisfying symposium. But back home, they too wait with baited breath til our crates
arrive and they can check things over, repair the damage, pay the bills, hope for a
return on their investment, and look forward to next year and its reunion once more
with friends and associates and all that we hold special about symposium time.
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The satisfactory symposium, “Good Show”, is one that has been busy, well
attended with both serious and friendly inquiring, questioning, and evaluating
dialogue. That essentially justifies the investment of time, materials, risk and cash
outlay. On top of hotel and travel expenses, the exhibitors’ unique costs only begin
with the common fee of approximately $600 per booth and add up from there
accordingly. Any return on investment, if noticed as decidedly attributed to any
particular symposium, may range from practically immediately to seven and more
years. It will be interesting to discern those figures among other statistics and data
pertaining to your expectations you provide through the survey for subsequent
report.

I appreciate your support. Today I have attempted to convey in minutes what you
have given me through years, an enthusiastic viewpoint of The Exhibits Program, a
bit prejudiced, but hopefully an objective and comprehensive insight as well. I hope
too that I have provided glimpse enough into the exhibitors’ experience so that we all
will derive that much more in benefit, appreciation, and enjoyment from the valuable
opportunity provided through The Exhibits. We have not established The Exhibits
as Keystone of The ASGS Forum, but rather we have discovered what is. That most
important critical element holding together all aspects of the ASGS endeavor,
derived from and pervading the communication functioning throughout, is Support.
Support is the Keystone of the ASGS Forum.

There is still time for including your views, expressed through the questionnaire
or by letter. A considerable portion of'it, I believe, shall be of value to our committees,
our exhibitors and to you as preparations are made for subsequent exhibits and
symposia. Your suggestions for more effective use of exhibits, your viewpoints,
recommendations, experiences, a measure of the affectiveness of the chapter and
symposium exhibits in meeting your needs and expectations, etc. will be compiled
into a report forwarded to ASGS for its use and publication.
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UPJOHN
GLASSBLOWER TRAINING GUIDE
Frank Meints
Upjohn Company

I would like to share with my fellow glassblowers the details of a training guide
which was developed at the Upjohn Company Glassblowing Department. After the
retirement of the senior glassblower in our two-man shop, a candidate was hired to
learn the art of scientific glassblowing. Fortunately, we were able to obtain the
services of the retired glassblower on a consultation basis to help with the training.
To keep everyone informed as to the status of the training, and to avoid duplication
or omission, this guide was created. This guide serves three main purposes.

1. It shows the apprentice what the job requirements are through its detailed list
of operations.

2. It serves the trainer(s) as a checklist to see what items are complete and what
must be demonstrated or needs further practice.

3. It serves as a status report to management.

Many glassblowers report to someone who has no knowledge of glassblowing or its
level of difficulty. This guide can show progress in a more understandable way which
will be explained in more detail later in this paper.

Please note that this guide is custom made for our glass shop. You may need toadd
or subtract parts to fit your particular needs. Also, it does not show how to do an
operation. Thisis done through personal demonstration and/or glassblowinginstruc-
tion books. It is divided into the following categories:

*  General operations (Fig. 1)

*  Use of mechanical equipment

*  Knowledge of glass

*  Working at the bench (Fig. 2)

*  Working at the lathes

*  Safety

Each operation item has four stages to completion:
1. Verbal description and/or demonstration
2. Used/tried

3. Acceptable

4. Proficient

The actual glassblowing categories are also divided by difficulty Levels I, IT and
II1.

Let’s look at an example operation of working at the bench. (Fig. 2)

* Level I, right angle bends. The candidate is shown how to make a right angle
bend. The candidate then tries it and the date this is done is entered in the
appropriate boxes. After some time and practice, the trainer feels the bends being
made are acceptable, and logs in the date. At some future time, the trainer feels the
candidate can make a good Level Il right angle bend consistently and logs in that date
in the appropriate box.

Thisbasic procedureis followed for all listed operations. You may wonder what the
differences are between “acceptable” and “proficient”. Here we must use our experi-
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GLASSBLOWER TRAINING

I " m v
General Operation Verbal Used/Tried | Acceptable | Proficient
Description
A & Demo.

Shipping/receiving

Packing glassware

Stocking of glassware & storage

Phone procedure

Handling walk-in customers

Computer use

Use of catalogs

Use of library
Comments:
cas 3/89
Glass-A\123
Figure 1
GLASSBLOWER TRAINING
| n m v
Working at Bench Verbal Used/Tried Acceptable Proficient
Description
D-3: LEVEL 2 (Tubing up to & Demo
30 mm 0O.D.)
Pulling points
Right angle bends
U - tubes
cas 3/89
Glass-D\123
Figure 2

ence, judgment, tact, and professionalism. What is acceptable to one may be poor or
very good to another. I use the following criteria as “acceptable” for glassware:

*  Structural integrity (will it hold together?)
*  Will it do the job it was intended to do?
*  Will the customer accept it?
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My definition for “proficient” is all of the above, in addition to:

*  Is the item free of flaws (lumpy, out of round, discolored, dirty, too thick or
too thin, etc?)

*  Was it done in a reasonable amount of time?

Note that we have left a space at the bottom of each page for any comments you
may want to add for clarification. The bench and lathe glassblowing categories are
divided into three levels, with Level I being the easiest. Here again, judgment is
called into play. In general, Level I is an easier type of operation, usually involving
smaller diameter items, sawing, sanding, drilling and so forth. Level II represents
the medium difficulty items over 15 millimeters, O.D., multiple ring seals, multiple
neck flasks, under 12 liters, vacuum seals, etc. Level III involves large diameter
tubing, large fritter ware, some micro work and items with several subassemblies.
One pitfall to try to avoid is the situation where a difficult operation becomes easy
because of repetition. Remember how hard it was in the beginning and how long it
took to become easy. Usually, Level Il items take longer to learn, and Level III even
longer. The point is not to down-grade your experience.

When judging another one’s work, try to use tact and constructive criticism. We
all make mistakes. We can laugh about it later. Even though the safety category is
last in order in this guide, it is of prime importance.

Please note that the various operations are not listed in a specific order for
training. Usually, one operation seems to set the stage for the next so that various
operations will tend to overlap in a single training session. It alsois more interesting
for both trainer and apprentice to rotate through a series of operations, sometimes
doing “real work” by repairing glassware or filling a customer’s order for new
glassware.

This guide is adaptable for most glassblowing operations. You may have to add or
delete certain parts to fit the particular job. In our shop, most of the work is specialty,
one or two of a kind type work which makes it more challenging. This results in a lot
of shifting gears, set-up time, planning, and trial and error. This creates a different
situation compared to a shop that is more production oriented. In all cases, changes
in this guide will be necessary as new advancements in equipment and procedures
come along.

One area we arelooking atis therepairing ofglassware. It’strue that many repairs
are made using basic operations already listed. However, some repairs can be more
challenging than was the original construction, also requiring original ideas in the
creation of apparatuses, tools and jigs, and procedures to accomplish the job. The
condition of repaired items could also be used for job performance ratings as
“acceptable” or “proficient” when looking at the overall average of the repaired items.
Repaired items can also be classified as Level I, II or III.

The main purpose of this guide is to insure that all the necessary operations of the
training areincluded, and to keep everyoneinvolved informed of the overall progress.
I know there can be many arguments as to whether an item is Level I, II or III
difficulty, or where to draw the line on acceptable and proficient. There is also the
question of when is a person fully trained. These questions can never be answered the
same for everyone. It depends on the job requirements, the talent of the apprentice
and the judgment of the person in charge.

At Upjohn we are using an overall percentage scoring to arrive at levels of
progress. Using the table included at the back of this guide, we can see what

percentage of the various levels are acceptable and proficient. In this guide you will
find that the majority of operations are Level I, so there is rapid progress at first.
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As time goes by, things get more difficult and progress seems to slow down. The
further you go the steeper the hill. Time is not a factor in this guide because it will
vary with every person and circumstance. It is up to you to set time limits along with
other performance criteria for each particular job to arrive at each step and finally
a “fully trained” journeyman glassblower. With this guide you have another tool to
help with training and advancement.

You may obtain a copy of this guide by writing to me, Frank Meints, the Upjohn
Company, Dept. 7283-25-1, Kalamazoo, MI 49001, or call 616/385-7070. I would like
to thank William N. DeWolff and James T. Baker for their help on this project.
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THE DESIGN AND FABRICATION OF AN
ACETONE PERCOLATION DEVICE FOR
ULTRACLEANING OF CELLS AND GLASSWARE
Christian B. Boussert,

Louisiana State University College of Basic Sciences
Baton Rouge, Louisiana 70806

Introduction

Light scattering is a physical method used to study polymers and colloids. Light,
usually from a laser source, is scattered in various directions from these relatively
large molecules. From the angular distribution pattern of the scattered light, and
also the rapid fluctuations in its intensity, one can determine the molecular weight,
size, shape, and degree of aggregation of the polymers or colloidal particles.

Experimentally, one of the most difficult aspects of light scattering techniques is
that almost everything scatters. Thus, it may be difficult to distinguish scattering
arising from the particles of interest from light scattered by other particles, usually
referred to as “dust”. In fact, “dust” can come from many sources — pollen, bacteria,
viruses, smoke, to name but a few. The size of “dust” extends from about one ten-
millionth of a meter to particles large enough to see. Light scattering practitioners
use various techniques toremove “dust” from solutions tobe measured. These include
primarily filtration and centrifugation. However, these techniques are only part of
the story. For example, many newcomers to light scattering discover that filtered
samples are still dusty, because they collected the filtrate in a dirty vessel. Blaming
the filter, they repeat the operation — often many times, an inefficient operation at
best and generally a very bad practice since some polymer is lost on the filter each
time. Thereis a need for a device that prepares clean receptacles for filtered samples.

The Design

In Dr. Russo’s lab, various methods to make clean vessels are used. These include
anti-wetting treatment (silanation) of certain glassware, combined acid-base wash-
ing, followed by rinsing with special particulate-free water, and the use of the acetone
percolation device (APD), Figures 1A and 1B. In the APD, boiling acetone (I) in the
sealed lower chamber is made by a system of water-cooled coils to condense in
receptacles (1). The pressure in the lower chamber then drives the condensate
upward through a tube insulated with a water-cooled coil (2) ending with teflon
tubing (3) untilitspurts ontoinverted glassware placed in the cleaning chamber (III).
The acetone returns (4) to the lower chamber, carrying “dust” from the glassware
with it. A constantly circulating pump with an in-line filter keeps the acetone
reservoir (5) clean. A system of valves (6) is used to balance the system.

The APDis often the final cleaning step. Thus, only cells that are already free from
gross dirt should be placed on the APD. Cleaning time depends on vessel size.
Typically, 5-ml measuring cells require between 15 and 60 minutes of cleaning. The
four-port design of the APD allows four such cells to be prepared simultlaneously.
Usually, cells cleaned by the APD are perfectly adequate for use with nonpolar
solvents (e.g., toluene, cyclohexane, benzene). The APD is not always the best choice
when the measurements are ultimately to be carried out in polar solvent (water,
dimethylformamide, tetrahydrofuran). These solvents sometimes seem to promote
release of materials from the glass that the APD left behind. Acid-base washing, with
clean water rinse, or silanation procedures are better for these solvents. Even so, the
APD is very useful in “precleaning” other glassware in these studies, such as
volumetric flasks.
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The original design of Dr. Russo’s cell washer was as shown in Figure 2. After
discussing the concept we came up with a better way, improving the performance
qualitatively and quantitatively by introducing coils instead of fingers; adding more
ports to wash four cells at once or to wash three cells and have the fourth port spray
acetone over the others; using a system of valves to facilitate balancing the flow of
liquid; and using a pump to filter the acetone.

The APD at first had only two washing stations and didn’t have the balancing
system (Figure 3). The connection between the condensing chamber and washing
chamber was made through a flat flange and a teflon device. In this configuration, the
cleaning procedure would sometimes stop and at other times there were leaks.

The Fabrication

In the fabrication of the second generation APD, the eight inner coils were first
made at the bench using classical coiling methods. A system of braces interconnected
them to make a rigid yet flexible structure which would not break under stress
(Figure 4). Once inserted in the outside envelope of 130 mm OD tubing and mounted
on the lathe (Figure 5), the condensers will stay together while the lathe turns. No
other support was used. The ends of the coils were positioned tangentially to the flat
surface of the top of the condensing chamber:..The next step was to seal all eight
connections going through the outside wall (Figure 6). Since a great deal of hand
annealing had to be done between seals, they were braced to keep them steady. Next
the jets going through the top part of the condenser chamber (Figure 1, II) into the
cleaning chamber were sealed. There again the tubes sticking out were braced
because much hand annealing was required.

The capping process was next. The polished 103-60 female joint held in the right
chuck of the lathe was sealed over the jet using a half-moon flame heating the
peripheral area of the condensing chamber and the tip of the bottom of the joint
(Figure 7). This was probably the most crucial seal since any mistake would result
in a complete loss of that part of the apparatus. There are no pictures of this operation
since I was anxious to finish and I didn’t know I would be here today telling you about
the APD.

As soon as this global sealing process was finished, the APD was introduced into
a preheated annealing oven. This type of one shot deal reminded me of work I did
when I was at SUNY at Stony Brook fifteen years ago when I did sixteen ring seals
in a similar global sealing process (Figures 8A and 8B). Interestingly enough,
although it is a completely different apparatus for a different purpose, they are both
for the field of laser light scattering.

The next operation was easier. It consisted of sealing the valves to be used to
balance the system, Figures 9A and 9B). At that time a crew of cameramen from LSU
who were in the building for other projects came inadvertently into my shop and,
therefore, I have no pictures but a clip of video that will better show the sealing of
those valves.

I will not explain the fabrication of the upper condensing chamber nor the boiling
flask since most of us are familiar with those operations.

Conclusion

This is a classic example of the mission of the research glassblower. A simple
scientific concept, in the present case the APD, was refined and improved to produce
a reliable and aesthetically pleasing piece of apparatus for researchers and has
become an integral part of the light scattering experimental routine in Dr. Russo’s
lab at LSU. See Figures 10A, 10B and 10C.
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Dedication

I would like to dedicate this paper to the memory of my father who passed away
this spring after a long illness and by whose example in life I was introduced to fine

workmanship.
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101 Longstreet Avenue

Highland Springs, VA
23075

David Blessing

Univ. of Notre Dame
Radiation Lab

Notre Dame, IN 46556

Walter C. Boger
PO Box 51
Carrboro, NC 27510

Theodore W. Bolan
29 Hankin Loop
Poughkeepsie, NY 12601

Christian Boussert

LSU, College of Basic
Sciences

Choppin Hall

Baton Rouge, LA 70803

Allan B. Brown
Univ of CT
U-108

Storrs, CT 06268

Robert J. Brunfeldt

R. J. Brunfeldt Co.

PO Box 2066
Bartlesville, OK 74005

Mike Burchfield
Procter & Gamble
PO Box 398707
Cincinnati, OH 43239

Eleanor Burke

133 W. Pittsburgh
#409

Milwaukee, WI 53204

Fred E. Burkett, Jr.
3557 Mt. Abbey
San Diego, CA 92111

Jim Byrnes
Road 2, Box 176-K
Howard, PA 16841

David R. Campbell
801 Locust Place NE
Albuquerque, NM 87102

Edward Carberry
MGLS, Inc.

700 S. First
Marshall, MN 56258

Raymond L. Carew

UCLA

Chem & Biochem

Los Angeles, CA 90024-
1569

Bob Carson

Corning Inc.

673 County Route 64
Big Flats, NY 14814
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John W. Chabot
Syracuse Univ.

Chem Dept.

108 Bowne Hall
Syracuse, NY 13244-1200

Colin Chandler

2770 Acquitaine Avenue
514

Mississauga, ONT L5N 3K5

Canada

David Chandler

43 Brooksided Crst
Kitchener, ONT N2N 1H2
Canada

Len Chandler
23 Grantwood Drive
West Carrollton, OH 45449

Peter Clarke

Procter & Gamble Co.
5299 Spring Grove Avenue
Cincinnati, OH 45217

Jerry Cloninger
2816 Arden Way
Smyrna, GA 30080

Roberto Concepcion
Eureka X-ray

3250 N. Kilpatrick
Chicago, IL 60641

Dennis W. Cook
227 E. 2nd Street
Corning, NY 14830

Dumitru Costea

The Glass Menagerie

Lot 209

Westbrookville, NY 12785

Melvin P. Courtney
RD #1, Box 134
Avonmore, PA 15618

Gary Coyne

CSU/LA

5151 State Univ. Drive
Los Angeles, CA 90032

Louis Cribaro
Route 1, Box 122R
Sugar Grove, IL 60554

David G. Daenzer
52 Miller Street
Mt. Clemens, MI 48043



Dieter Damrow
Aldrich Chemical Co.
2905 Hope Avenue
Milwaukee, WI 53216

Michael P. Dennin
700 7th Street
Watervliet, NY 12189

Alvan S. Ditchburn

Univ. of Windsor, Chem
Dept.

401 Sunset, 384-1 Essex
Hall

Windsor, ONT N9B 3P4

Canada

Edward P. Diviney
AT-MAR

611 West State Street
Kennett Square, PA 19348

Darcey A. Doering

RR #7

Pembroke, ONT K8A 6W8
Canada

Arthur Dolenga
44045 Donley
Sterling Heights, MI 48078

Jim Downey

EMR Photoelectric
20 Wallace Road
Princeton, NJ 08550

John G. Dryden
367 E. Whittier
Fairborn, OH 45324

Ian B. Duncanson
1950 Thornhill Drive
South Bend, IN 46614

Igno Dur
Hoefbladhof 27
3391 Ge Houten
Netherlands

Leo F. Dusek
3425 Grantwood Drive
Parma, OH 44134

Wolfgang Eberhart
Eberhart Glass

325 Devonshire Road
Windsor, ONT N8Y 2C3

Canada

David W. Edson, Sr.
358 Merion Court
May’s Landing, NJ 08330

Richard Elvin

Univ. of Saskatchewan
Dept. of Chem.
Saskatoon, SAS S7TN OW0
Canada

Sandie Fazio

IBM-Almaden Research
Center

K24/802 - 650 Harry Road

San Jose, CA 95120-6099

Gerhard Finkenbeiner
G. Finkenbeiner, Inc.
33 Rumford Avenue
Waltham, MA 02154

James R. Finley
PO Box 448
Bartlesville, OK 74005

Hans Florell

Univ. of Minnesota
Glass Tech Service
S-146 Kolthoff

225 Pleasant Street SE
Minneapolis, MN 55455

Kevin J. Fogle
PO Box 286
Holt, CA 95234-0286

John French

MPB Technologies

1725 Trans-Canada
Highway

Dorval, Quebec J9P 1J1

Canada

Larry O. Fuller
3641 W. Dobbins Road
Laveen, AZ 85339

Thomas Garling
Eastman Kodak Co.

66 Eastman Avenue, B-82
Rochester, NY 14650

Hans P. Geyer
282 Bridgepoint Road
Belle Mead, NJ 08502

Carl Goetz
7829 E. Palm Lane
Scottsdale, AZ 85257

David A. Gover

Washington St. Univ.

Tech Services Phys. Sci.
Bldg.

Pullman, WA 99164
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Richard A. Grant
3717 Wenbrook Drive
Kettering, OH 45429

Joseph Gregar
464 Nassau
Bolingbrook, IL 60439

Michael Greico

V. M. Glass Company
580 N.W. Blvd.
Vineland, NJ 08360

Adolf Gunther
A.GT.

PO Box 352
Garrison, NY 10524

Bradley D. Guth
8213 157th Street W.
Apple Valley, MN 55124

Lawrence Guzman
526 Swain Avenue
Elmhurst, IL 60126

John Hamarik

AT&T Microelectronic
2525 N. 12th Street
Reading, PA 19612

Julia Hammond
1483 Beach Avenue
Rochester, NY 14612

Randall R. Hansen
146 W. Olson
Midland, MI 48640

Larry Harmon
987 Redwood
Pittsburgh, PA 15234

Doni Hatz

12 Laramie Court
Coram, NY
11727

John A. Hayes
1640 S. Brookhurst
Anaheim, CA 92804

Brian Head

1050 Exeter Street
Oshawa, ONT L1G 7E9
Canada

Winfield Hill
Box 151
Springtown, PA 18081



Billie Marie Horn
Hach Co.

100 Dayton Avenue
Ames, IA 50010

David L. Hovey

MIT Lincoln Lab

44 Wood Street
Lexington, MA 02173

Edwin J. Hyland
Northern Illinois
DEST GKK

Dekalb, IL 60115

Lee R. Jasper
Westinghouse R&D
1310 Beulah Road
Pittsburgh, PA 15235

William Jones
115 Edward Street
Schenectady, NY 12304

F. G. Kennedy
Texas Instruments
PO 655936

M/S 145

Dallas, TX 75265

Michael D. Ketch
RD #2, Box 181
Mertztown, PA 19539

Robert P. Ketch
2072 Phillips Road
Bart, NY 14028

Owen Kingsbury, Jr.
104 Briarwood Drive
Greenville, NC 27834-6721

Juergen Kramer
Klausstr 1

D-6222 Geisenheim
West Germany

Keith Kuehl
511 Crestwood Street
St. Joseph, IL 61873

Fridolin H. Kummer
5 Forsythe Drive
E. Northport, NY 11731

Timothy E. Landers
996 Southwood Apt.
Ambherst, MA 01002

Manfred Langer
4504 Dobie Road
Okemos, MI 48864

Dave W. Lanman
2223 Saradon Drive
Sugarland, TX 77478

John E. Legge

31 Nymark Avenue
Willowdale, ONT M2J 2G8
Canada

Ron Legge

100 Andrea Road
Ajax, ONT L1S 3V9
Canada

Richard Lemieux
Texas Christian Univ.
PO Box 32871

Ft. Worth, TX 76129

Arnold Liedtke
4352 Hart Drive
St. Joseph, MI 49085

Joe Luisi
2798 Bryant
Vineland, NJ 08360

Peter Lunzer
Lunzer Industrial

48 W. 48th Street
New York, NY 10036

Wilbur C. Mateyka
3536 Creekwood Drive
#13

Lexington, KY 40502

David G. Maul
1414 Bombay Road
Hope, MI 48628

Phil McDannell
5887 Ponderosa
Stevensville, MI 49127

Robert L. McAnally
15 Forest Road
Murray Hill, NJ
07974

Frank Meints
8535 W. Westnedge
Portage, MI 49002

Jim Merritt
17018 Jeanine Place
Granada Hills, CA 91344

Donald Miller

101 Cardiff Place
Santa Cruz, CA 95060
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Leonardo R. Misajon
#10 Watson Avenue
East Orange, NJ 07018

M. A. Molodow
431 Kentucky Lane
McKinney, TX 75069

Erich Moraine

Wild Rose Glass

PO Box 19

Wild Rose, WI 54984

Donald Morgan
27 Clemson Drive
Aiken, SC 29801

Lothar Morgenfruh
Mobil R&D Corp., Inc.
Billingsport Road
Paulsboro, NJ 08066

Bob Morley
4716 131 SE
Everett, WA 98204

James F. Morris
716 Clinton
Evanston, IL 60201

Glen A. Morse
Box 31, RD #4
Painted Post, NY 14870

Earl Nagle
18 Skyview Drive
Cohoes, NY 12047

Richard C. Nagle
General Electric

Nela Park-Noble Road
E. Cleveland, OH 44112

Mathew Nazzewski
9-1/2 Richmond Lane
Adams, MA 01220

Ron Neill

306A Fairway Road
Kitchener, ONT N2A 2P2
Canada

Ervin Nichols

TVA

NFD 2T 206J

Muscle Shoals, AL 35661

John Nicholson
5491 Murphy Hill Road
Horseheads, NY 14845



J. Bruce Norman
5455 Wilson Road
CO Springs, CO 80919

Larry Novak

DOW Chemical Co.
Glass Fabrication
856 Building
Midland, MI 48667

Carl Nyman
18280 SW Butternut
Aloha, OR 97007

Donald M. O’Brien

Unibv. of Illinois

505 So. Mathews Avenue
Urbana, IL 61801

Donald M. O’Brien, Jr.
400 Lane Beech Road
Monticello, IL 61856

Michael Olsen
114 Leectes Island Road
Guilford, CT 06437

Kenneth Opsahl

3M Company

PO Box 33221, Bldg. 201-
BS-02

St. Paul, MN 55144

Malcolm B. Palmer, Jr.
21020 Bramblewood Tr.
Waukesha, WI 53186

Beverly Panczner
A.S.G.S.

1507 Hagley Road
Toledo, OH 43612

James Panczner
1507 Hagley Road
Toledo, OH 43612

Ed. Parillo

General Electric
Nela Park
Cleveland, OH 44112

Charles L. Patterson
9 Dolores Court
Madison, WI 53716

Gerhart L. Perdue
Widgett Scientific, Inc.
6818 Renoir Avenue
Baton Rouge, LA 70806

P. Knud Petersen

D. Petersen Sci Glassblow
P/L

12 Mary Street

Preston, VIC 3072

Australia

John H. Pirolo
2509 Birch Street
Alhambra, CA 91801

Robert Ponton

Univ. of WI/Milwaukee
Dept. of Chem.
Milwaukee, WI 53201

Edwin A. Powell
16 Main Street, Auburn
Swedesboro, NJ 08085

Roger Ramirez
409 Woodland
Denton, TX 76201

David Rendina

Univ. of MI

930 N. University
Ann Arbor, MI 48109

Lucy Rhamy
2036 Joe
Ponca City, OK 74601

Donna M. Richardson
Corning Inc.

673 County Route 64
Big Flats, NY 14814

Arthur Edward
59 N. Country Road
Miller Place, NY 11764

Arno P. Roensch
1511 Roma NE
Albuquerque, NM 87106

Paul W. Roman
57 Everett Street
Patchogue, NY 11772

Bill Romita
Ontario Science
77 Don Mills Road
Don Mills, ONT
Canada

Michael J. Ronalter

2017-1/2 S. Cureton
Urbana, IL 61801
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Lawrence W. Ryan

L. W. Ryan Associates
951 Main Street
Wakefield, MA 01880

Richard E. Ryan

BOMCO

Route 128 Blackburn Circle
Gloucester, MA 01930

Ottmar Safferling
86-31 107th Street
Richmond-Hill, NY 11418

William A. Sales
William A. Sales, Ltd.
419 Harvester Court
Wheeling, IL 60090

Jeffrey Schaubel
21715 Hillcrest Drive
Waukesha, WI 53186

Rudolf W. Schlott
32 Highland Down
Shoreham, NY 11786

Lloyd Schneider
Sterling Research GP
81 Columbia Turnpike
Rensselaer, NY 12144

Thomas Schul
Eastman Kodak
3679 S. Main Street
Marion, NY 14505

Brian Schwandt
3721 W. Mary Ann Drive
Franklin, WI 53132

A. Ben Seal
Supelco, Inc.

Supelco Park
Bellefonte, PA 16823

David K. Searle
10979 Chalet Road
Sidney, BC V8L 4R4
Canada

Peter J. Severn
221 Jefferson
Chelsea, MI 48118

William C. Sexton
2707 Varsity Place
Tampa, FL 33612



William H. Shoup

U VA Glass Shop

Chem. Dept., McCormick
Road

Charlottesville, VA 22901

Dolores Sites
Granite Farms Est.
Apt. D-305
WAWA, PA 19063

George Sites
Granite Farms Est.
Apt. D-305

WAWA, PA 19063

David R. Smart

Lorillard, Inc.

PO Box 21688-420 English
Street

Greensboro, NC 27420

Gordon Smith
1114 No. Heights Drive
Rochester, MN 55904

Richard C. Smith
Lillie Glassblowers
3431 Lake Drive
Smyrna, GA 30082

Raymond L. Souza
59 Mishawum Road
Woburn, MA 01801

Andre W. Spaan

6 Headland Close

Carbis Bay, St. Ives
TR26 2NX

England

John W. Squeo
2512 Colby Pt. Drive
McHenry, IL 60050

Michael E. Steed
Univ. of GA

137 Chem Bldg.
Athens, GA 30602

Raymond F. Steiner
16220 Renwick Circle E
Presque Isle, MI 49777

William R. Strunk
79C Oakridge Drive
St. Joseph, MI 49085

Steve Stupka
209 Sycamore Blvd.
Huxley, IA 50124

Jerry Sundalius
3328 S. 68th Street
Milwaukee, WI 53219

Chester Swopes
PO Box 115
N. Chicago, IL 60064

Bruno Szalkowski
BYU

RFD 2 - Box 160
Springville, UT 84663

Laura S. Thacker
PO Box 89
Ivy, VA 22945

Robert B. Tobin
Univ. of Pittsburgh
3941 O'Hara Street
Pittsburgh, PA 15260

John D. Verdoold

Univ. of Toronto

30 Holsworthy Cr.
Thornhill, ONT L3T 4C6
Canada

Joseph W. Walas
180 Haddam Qtr. Road
Durham, CT 06422

Robert Wallace

CIBA-GEIGY Corp. Glass
Shop

444 Saw Mill River Road

Ardsley, NY 10502

Karl Walther
19 Miller Place Road
Middle Island, NY 11953

Merrill B. Watson
4518 26th Street E
Tuscaloosa, AL 35404

David S. Wedsworth
Eli Lilly & Co.

Lilly Corporate Center
Indianapolis, IN 46285

Joseph R. West
124 Castle Acres Drive
Webster, NY 14580

Michael D. Wheeler
AZ State Univ.
Chem Dept. (UCH)
Tempe, AZ 85287
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Sherland Whitehead
A. H. Robbins

1211 Sherwood Avenue
Richmond, VA 23220

Mark M. Wicker

Lorillard, Inc.

PO Box 21688-420 English
Street

Greensboro, NC 27420

Randolph B. Wilkin
12202 Ashling
Stafford, TX 77477

Larry Williams
4 West Street
Montague, MA 01351

Steve Winch
PO Box 81843
Fairbanks, AK 99708

David Wise
317 Pioneer Road
Painted Post, NY 14870

James Woerdehoff
3937 Papalardo
Bridgman, MI 49106

Donald E. Woodyard
GA Tech

Chem. Dept.
Atlanta, GA 30332

Joseph L. Zagorac
13 Mt. Vernon Ave.
Export, PA 15632



1989 SYMPOSIUM NON-MEMBERS

Stephen R. Bate

10 Cross Ridge Road

Wappingers Falls, NY
12590

Helmut Becke
Northern Telecom

6 Banner Road
Ottawa, ONT K2H 5TZ
Canada

Sharon Black
Corning Inc.

673 County Route 64
Big Flats, NY 14814

Albert W. Bluemle
Niagara Abrasive Tech.
319 Ensminger Road

N. Tonawanda, NY 14150

Anastacio Bonilla
1423 Lloyd Avenue
Waukegan, IL 60085

Philip R. Brothers
Boeing Electonics

PO Box 24969, MS 9E-94
Seattle, WA 98124-6269

Edmond Czohara
9 Henry Drive
Hudson, NH 03051

Gary J. Delkamp
N. 1622 Highway 109
Watertown, WI 53094

Gavin Duthie
2 Teringie Drive
Teringie 5072
So. Australia

William S. Fitzgerald
Eureks X-ray

3250 N. Kilpatrick
Chicago, IL 60641

Edwin Funk
Corning, Inc.

Big Flats Plant

Big Flats, NY 14814

Raymond Graham
Texas Instruments
PO Box 10508

Lubbock, TX 79408

Harry Grinwald
W224 S. 7000 Guthrie
Big Bend, WI 53103

Henry E. Hagy
5 Fox Lane W
Painted Post, NY 14870

Leonard M. Haluch
Eureka X-ray

3250 N. Kilpatrick
Chicago, IL 60641

Mats Hanold
Pharmacia

Box 182
Soderhamn, Sweden

Laurie E. Harnick
U.W.0.

Richmond Street
London, ONT N6A 5B7
Canada

Russell Hilton
2253 N. Spaulding
Chicago, IL 60647

T. F. Howe
Vanderbilt Univ.
Station B, Box 1822
Nashville, TN 37235

Michael Kavanaugh
1878 Davis Lane
Waukesha, WI 53186

Chuck Kraft

Larson Electronic

PO Box 371

Redwood City, CA 94064

Keith Krumnow

Univ. of WI

3210 N. Cramer Street
Milwaukee, WI 53211

Lisa Malchow

G. Finkenbeiner, Inc.
33 Rumford Avenue
Waltham, MA 02154

Jan Marien
1213 Sandler NE
Albuquerque, NM 87112

Joe McDaniel
Eureka X-ray
3250 N. Kilpatrick
Chicago, IL 60641

Donald W. McMahon

William A. Sales, Ltd.
419 Harvester Court

Wheeling, IL 60090
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Elder R. Mellon

Univ. of TENN

Chem. Dept., Glass Shop
Knoxville, TN 37996

Michael O’Leary
Eureka X-ray
3250 N. Kilpatrick
Chicago, IL 60641

Michael D. Oakley
464 West First Street
Elmira, NY 14901

Gosta Olsson

Pharmacia

Box 305

S-16126 Bromma, Sweden

Michael F. Pallesch
400 Cleveland Avenue
Schenectady, NY 12306

David Patrick
694 Algonquin Drive
Horseheads, NY 14845

Tom Perks

MEM Univ. of NFLD
Dept. of Tech Services
St. John’s, NFLD
Canada

Joseph Plumbo
Friedrich & Dimmock
PO Box 230

Millville, NJ 08332

Lynette Ponton

Univ. of WI/Milwaukee
4940 W. Vienna Avenue
Milwaukee, WI 53216

Arthur Pratt

Univ. of TENN

Chem. Dept., Glass Shop
Knoxville, TN 37996

James Ray

Ray-Glass

991 Kathryn
Wilmington, OH 45177

Reinhold Reeb

B & C Glastechnische
Vertriebs GmbH
Lahnwegsberg 5-7 6301
W. Germany



Sven Soderblom
ELVAC AB

PO Box 5066

12305 Farsta, Sweden

Joe Speciale
RD #2 Thurber Road
Corning, NY 14830

Tim Thien
715 Diamond Court
Ames, IA 50010

Johnson Washington
Eureka X-ray

3250 N. Kilpatrick
Chicago, IL 60641

Keith Wesaw
67287 - 40th Avenue
Bangor, MI 49013

Herbert Zakes
Caramant GmbH
27/29 Adolfsallee,

Wiesbaden D-6200
W. Germany
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