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The dry winter weather helped the charging situation.
The metallized Mylar made a great capacitor and Scott
learned how much energy could be stored. In the normal scheme of things, 10’s of millijoules isn’t very significant. In most of the literature, this would fall into the
“prick” sensation range, which falls just beyond
“detectable” and below “jerk”. I feel the effect on
Scott’s ears and teeth was more due to the current
path rather than its intensity. Most people do not take
electrical shocks to the head. I don’t think the wet
shoes had any bearing on this event. I started thinking
about the effect of conducting vs. insulating shoes in
this situation, along with the charges on Scott’s clothing
being trapped or mobile, and realized there’s another
dimension to this problem (hopefully insignificant)
which I hadn’t considered. Maybe I’ll approach it in the
next issue after more thought. If anyone out there
wants to tackle this please contact Mark Horenstein or
myself.

President’s Message
In our last newsletter I read Scott Stocking’s note to
Mark Horenstein regarding electrostatic shocks from a
Mylar balloon. Thinking about this, and a birthday in my
office that included a metallized Mylar balloon, prompted
me to review the mechanics of the situation myself.
First we start with the metallized Mylar balloon. Scott
mentioned the warning on the balloon regarding the
conduction of electricity, which cued me that this was
metallized Mylar. I doubt that such an incident would
have occurred with an unmetallized balloon.
Rather than a perfect sphere, my subject was a flattened
sphere, 18 inches in diameter and 9 inches thick. I calculated the capacitance of a 12-inch sphere to be 33 pF in
free space. (Would you believe there is a website that
calculates the capacitance of a sphere in free space. See:
http://www.csgnetwork.com/capacspherecalc.html). I measured the balloon with an inexpensive capacitance meter
and got roughly the same reading.

If there truly was 10,000’s of millijoules present, someone should do some more research with the materials
used in Scott’s shirt & jacket in combination with the
Mylar balloon. Scott may have found some new, untried
materials for another electrostatic generator system.
This also makes me wonder what research has been
done regarding shock sensitivity to different areas of
the human body.

I also measured the surface resistivity.This balloon was
painted/coated with decorations.With a 100-volt test
voltage, the average reading was about 1.0
megohm/square; a few of the readings were less than
1000 ohms/square at 10 volts. I feel that the low readings were due to direct contact with the metallization
where there wasn’t any coating.

A simple solution to minimize this type of occurrence use a conductive string, even with insulative shoes the
capacitive swings would be minimized with the added
capacitance of the human body. Another idea would be
to add small conductive hairs to the metallized layer. I’m
thinking the hairs would induce corona sooner, minimizing the possibility of a hard discharge.

The next experiment was to see how easily tribo or
contact charging could generate charge. Using another
employee’s fleece jacket, I found I could readily produce
hundreds of nanocoulombs of charge.This was on a
very damp spring day.
My analysis of the events:The balloon held inside Scott’s
coat, and close to his body, had a probable capacitance
of a few hundred picofarads.The contact and movement
of the balloon, coat and clothing transferred 1000’s of
nanocoulombs of charge to the balloon.This resulted in
10’s of millijoules of stored energy. Removing the balloon from his jacket caused the capacitance to greatly
decrease. As the charge remained constant, the potential of the balloon increased proportionally (V=Q/C) to
the point where arcing occurred.

I thought I was going to comment on a semi-simple
incident. Now I’m reminded again, nothing is that simple
in electrostatics. Maybe we’ll see Glen Schmieg or
Lance Jerale incorporate a metallized Mylar balloon into
one of their demonstrations if they haven’t done so
already.
Hope to see you soon at the ESA Conference.
Bill Vosteen
ESA President
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Current Events
'Nano-lightning' could be harnessed to cool future
computers
excerpted from Purdue News, March, 2004
http://news.uns.purdue.edu/UNS/html4ever/2004/040322.Gar
imella.nanolight.html
Mechanical engineers at Purdue University are developing a
new type of cooling technology for computers that uses a
sort of nano-lightning to create tiny wind currents.The
researchers have shown that the underlying concept for a
"micro-scale ion-driven airflow" device is sound and have
recently filed for a patent. "This is a groundbreaking idea,"
said Suresh Garimella, a professor of mechanical engineering
at Purdue who is working on the device with Timothy Fisher
, an associate professor of mechanical engineering, Daniel J.
Schlitz , who recently earned a doctoral degree from
Purdue, and doctoral student Vishal Singhal. Schlitz and
Singhal have created Thorrn Micro Technologies Inc. to commercialize the cooling system.

needed to create the cooling effect. Clouds of ions created
when electrons react with air can then be attracted by the
second region of electrodes and "pumped" forward by
changing the voltages in those electrodes.The voltages are
rapidly switched from one electrode to the next in such a
way that the clouds of ions move forward and produce a
cooling breeze. "They are switching at the right frequency so
that the ion cloud is constantly moving forward," Schlitz
said. "As the ions move forward, they make repeated collisions with neutral molecules, producing the breeze."

Future computer chips will contain more circuitry and components, causing them to generate additional heat and
requiring innovative cooling methods. Engineers are studying
ways to improve cooling technologies, including systems that
circulate liquids to draw heat from chips. "The key attribute
of this work is that it sticks with air cooling while possibly
providing the same rate of cooling as a liquid," he said
(Garimella).

The Purdue researchers have demonstrated that the pumping concept works with a region of electrodes made of
many series, each series containing three electrodes.The
first in the series is the most positively charged, followed by
an electrode that has a less-positive charge and then a third
electrode that is negative. Switching the voltages from one
electrode to the next causes the charges to move forward,
which in turn moves the ion clouds. "The switching itself is a
well-known concept from physics, but we are the first to
bring about ion pumping on a micro-scale like this," said
Garimella, who is director of Purdue's Cooling Technologies
Research Center, a consortium of corporations, university
and government laboratories working to overcome obstacles in developing new, compact cooling technologies.

The new technique works by generating ions – or electrically charged atoms – using electrodes placed close to one
another on a computer chip. Negatively charged electrodes,
or cathodes, are made of "nanotubes" of carbon with tips
only as wide as five nanometers, or billionths of a meter.
Voltage is passed into the electrodes, causing the negatively
charged nanotubes to discharge electrons toward the positively charged electrodes.The electrons react with surrounding air, causing the air molecules to be ionized just as
electrons in the atmosphere ionize air in clouds.This ionization of air leads to an imbalance of charges that eventually
results in lightning bolts.

Another version of the design might replace the carbon
nanotubes with a thin film of diamond, which would be sturdier and easier to fabricate than the nanotubes. "The grain
boundaries in the diamond film provide the same kind of
opportunity for electron emission and ion generation as a
carbon nanotube," Garimella said.

The ionized air molecules cause currents like those created
by the "corona wind" phenomenon, which happens between
electrodes at voltages higher than 10 kilovolts, or 10,000
volts. "To create lightning you need tens of kilovolts, but we
do it with 100 volts or less, " Garimella said. "In simple
terms, we are generating a kind of lightning on a nano-scale
here." The researchers are able to create the ionizing effect
with low voltage because the tips of the nanotubes are
extremely narrow and the oppositely charged electrodes
are spaced apart only about 10 microns, or one-tenth the
width of a human hair.
Future cooling devices based on the design will have an
"ion-generation region," where electrons are released, and a
"pumping region," made up of another set of electrodes
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Current Events Calendar
"ESA 2004, June 23-25, 2004, Rochester, NY,
Contact: Kelly Robinson, email: kelly.robinson@kodak.com , website: http://www.electrostatics.org/Announcements/2004%20Call-ForPapers.htm
"5th international Electro-Hydro-Dynamics
Workshop, August 30-31, 2004, Poitiers,
France, Contact: Hubert Romat, email:
hubert.romat@lea.univ-poitiers.fr , website:
http://labo.univ-poitiers.fr/informationslea/EHD/p1.html (NOTE: abstracts due
April 30, 2004)
"4th French Electrostatics Society (SFE)
Congress, September 2-3, 2004, Poitiers,

France, Contact: Gerard Touchard, email:
gerard.touchard@lea.univ-poitiers.fr (NOTE:
abstracts due April 30, 2004)
"EOS/ESD Association 26th Annual
Symposium, September 19-23, 2004,
Grapevine Texas, email: info@esda.org ,
website: http://www.esda.org (NOTE:
abstracts due April 30, 2004)
"Electrostatics 2005, June 15-17, 2005,
Helsinki, Finland, Contact: electrostatics2005@congreszon.fi , website: http://electrostatics2005.vtt.fi/ (NOTE: second call
for papers - abstracts due May 28,
2004)
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