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Microbarographs and the Tonga Eruption
The recent volcanic activity in Tonga has resulted in a bit of commentary with regard to
atmospheric pressure changes, in particular infrasound (subsonic) pressure waves. I took note of
the infrasound monitoring devices that were cited on the Psn-List mailing list [1]. (PSN refers to
the Redwood City Public Seismic Network [2]).
For those who have followed the Bell Jar, I made a microbarograph in 1996 [3]. Whereas
barometers measure absolute atmospheric pressure, a microbarograph records very small
fluctuations in pressure with periods ranging from a fraction of a second to minutes. These
changes ride on top of the constantly changing barometric pressure. Barometric pressure
variations tend to have much longer periods than those of the infrasound signals so this effect
may be removed by incorporating a high pass filter element into the microbarograph.
This is done by using a sensitive differential pressure sensor with one side of the sensor pretty
much open to the atmosphere and the other side connected to a finite and stable volume which is
connected to the atmosphere by means of a low conductance element - a leak. Thus, while one
side of the sensor can respond quickly, the other has a “leaky volume” that gives the device a
high pass characteristic. The sizing of the leak and the reference volume will determine the time
constant of the device, hence the lower limit of the frequency response. The figure below shows
the general configuration.
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My instrument used an MKS 223 differential capacitance diaphragm gauge (200 milliTorr full
scale and 0-1 volt output) with a syringe as an adjustable volume and a short length of capillary
tubing as the leak. The instrument must be tuned to the area of interest. Infrasound occupies a
broad range of frequencies and pressure levels and, as luck would have it, no one instrument will
adequately cover the entire spectrum. Dividing the spectrum into two bands is typical. A higher
passband, say from about 0.05 to 10 Hz is useful for detecting close and relatively small events.
This is the range that is used by the defense establishment to listen for low yield atmospheric
nuclear weapons testing. A lower passband, from about 0.003 to 0.03 Hz is generally used for
monitoring natural infrasound emissions and acoustic gravity waves. In either case, sensitivities
are typically on the order of 0.1 to 1.0 microbar and events may have amplitudes to 10s of
microbar.
In the mailing list discussions, two instruments stood out. One was a homebrew unit made by
Gary Lindgren in Palo Alto, CA. The other was a commercial unit, the INFRA20, that’s available
from Infiltec in Waynesboro, VA. These will be discussed in the next sections.
Gary Lundgren’s Homemade Microbarograph
Gary describes his unit on his infrasound web page [4]. The unit is
based on my article with some changes. The differential air
pressure transducer is an Ashcroft Model XLdp. The sensitivity is
± 0.25” WC (0.623 milliBar or 62.27 Pa). The unit has a 4-20 mA
output. A 270 ohm resistor is inserted in the current loop and the
voltage across the resistor is monitored. He states that the sensors
are readily available on eBay in new condition for less than $100.
(I just saw a used one on eBay for about $27.) The photograph to
the right shows the complete unit.
The components are all 1/8” brass pipe fittings. The reference
volume consists of a 450 mL Thermos bottle with a defined
calibrated leak, a 30 cm length of 0.008” ID stainless steel
capillary tubing. There are 2 needle valves in the unit. One is
between reference volume and the open atmosphere. This is
normally closed but opened to equalize the pressure on both sides
when zeroing the system. The second valve is just below the
opening to the atmosphere and is closed when calibrating the unit.
A 0.5 mL hypodermic syringe is used to calibrate the unit for sensitivity and calibrated leak timeconstant. Sensitivity calibration consists of making a quick 0.25 mL change in the syringe and
noting the change in voltage across the current loop resistor. Boyle's Law PV=K (constant
temperature) is used to note the pressure change for reference volume change. The reference
volume time constant is measured by monitoring the voltage with time. The time-constant was
defined by when the voltage reaches 63% of the final value from the peak. In this case the timeconstant was measured to be about 220 seconds when using the 30 cm length of 0.008" ID
tubing. The unit is very temperature sensitive, so a very stable thermal environment is required.

the Bell Jar, No. 25, January 2022
2

As compared with my unit, the thermos bottle is an interesting enhancement for stabilizing the
reference volume temperature. The Ashcroft unit has a full scale range very close to that of my
MKS 223. As Gary notes, the sensor is also temperature sensitive in terms of zero drift.
The Infiltec INFRA20 Microbarograph
With regard to the Infiltec unit, this is a nicely packaged plug and play affair with a MEMS
differential pressure sensor, amplifier, filter, digitizer, pneumatic filter (reference volume and
leak) and power supply all contained within a compact die-cast metal enclosure. The interface is
via an RS232 cable that connects to a PC via a USB adapter. Power is from the computer’s USB
port. The sensor is temperature compensated so zero drift is not an issue. Additionally, the
temperature sensitivity is reduced by software filtering, making it possible to operate without
manual adjustments in most environments. However, the unit should be kept in a short-term
temperature stable environment to minimize temperature effects on the reference volume. A
picture of the unit with accessories is shown below.
The sensor has a full scale range of ±25 Pa ( 250
microbar or 187.5 milliTorr) and a resolution of
0.001 Pa (0.01 microbar or 0.0075 milliTorr). This
puts it on par with my 223 CDG.
The frequency pass-band is 0.05 Hz to 20.0 Hz
and the serial output is formatted to work with the
AmaSeis seismic software, a copy of which is
included. The data storage requirement is about 10
MB per 24 hrs. Internal to the box is a DIP switch
that can be used to tailor the high pass cutoff.
An interesting aspect to this is the sensor. The
common MEMS piezo diaphragm sensors are not
as sensitive as the unit in this package. While
Infiltec considers the details of the sensor to be
proprietary, my guess is that this is one of the more recent types of differential sensor that
produce an output based on gas flow through a microchannel. The sensing element is a thermal
mass flow meter. An informative write-up on a sensor family manufactured by First Sensor may
be found at [5].
After some informative emails with David Saum, CTO of Infiltec, I ordered a unit. It arrived just
in time for our January 29 Nor’easter. I just have it running in my office/lab/radio room and the
pressure variations from the storm were quite impressive.
There are some other commercial offerings such as the Raspberry BOOM [6] but, based on
specifications, I think that the Infiltec unit wins in terms of sensitivity and usefulness for
monitoring natural phenomena. David notes that his customers have reported using the
INFRA20 for wind turbine monitoring, volcano research, elephant and giraffe research, rocket
launch monitoring meteor/bolide detection, tornado tracking, sick building analysis, avalanche
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monitoring and even for paranormal investigations. He has a unit running in his warehouse and
the real time data can be viewed at Infiltec’s INFRA20 site.
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Optical Emission Spectroscopy with the APPJ
A number of years ago I acquired a Vernier Emission Spectrometer for an external project that
never went anywhere. I’ve thought of a few things to do with it - for example, monitoring the
glow discharge spectrum of a chamber that’s being evacuated. This would show the dominance
of water lines as the primary residual gas transitioned to water vapor. I built a simple unit using a
Penning cell to sustain a fairly bright discharge at low pressures. The range of the Vernier unit is
350 to 900 nm. (I wish it went down further but UV-VIS instruments are a lot more expensive.)
Then the idea came to couple the fiber optic element to my atmospheric pressure plasma jet
(APPJ) that’s been described here previously. The incentive came from a paper by Vander Wal, et
al. [1] where a “sniffer” device using the same configuration was used to produce :
“molecular and elemental information on organic and inorganic gases and particulate
aerosols. Measurements were made to electrically characterize the plasma and calculate the
energy coupled into the plasma. We created a signature database for diverse chemicals based
on the atomic and diatomic emission spectrum that serves to classify the compound and
ideally recognize it by composition with the optical emission intensity corresponding to
concentration.”
The authors state ppb level sensitivity for various organic species and the ability to differentiate
classes of organics such as alkanes, aromatics, etc.
The paper discusses the use of helium and argon as carrier gases. Helium was ruled out because
of the peaks below about 700 nm (the range of the instrument was 200-900 nm) whereas argon
peaks are clustered between about 700 and 850 nm. Also, helium tended to permit the back
diffusion of air into the discharge.
The diagram below shows the general layout. For composition analysis as in Vander Wal paper,
the sample being tested is introduced into the inlet gas stream and the fiber optic pickup is
positioned between the two electrodes. For cases where the APPJ is being used for thin film
deposition, the fiber optic pickup would be positioned downstream of the APPJ and where the
precursor (process vapor) is introduced.
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The between-the-electrodes fiber optic adapter is shown is the photograph and figure below. The
approach is the same as used in the April 2021 issue i.e. a short length (5/8”) of 7/8” diameter
Teflon rod with a 1/4” bore for the 6 mm OD capillary and a Norprene rubber insert. The insert is
cut from a length of 1/4” ID x 7/16” OD tubing that is squeezed into an undersized (27/64”) hole.
This holds the piece in position on the capillary. A radial 1/8” diameter hole is drilled into the
Teflon. This receives the tip of the fiber optic cable. For a more permanent set up, the hole would
be drilled and tapped for a fiber optic bulkhead connector. The selected materials must have good
temperature resistance since the capillary between the electrodes can get a little warm.
The electrodes are spaced 7/8” inches apart. This provides enough of a gap such that the
discharge can be viewed with the fiber optic adapter in place.

I had a nice spectrogram but I lost the image (no, the dog didn’t eat it) and I ran out of argon.
However, on the next page is a reference argon spectrum from the software’s library. The two
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spectra pretty well matched except for a small peak I showed just above 350 nm. I presume that
this was from some contamination, either in the commercial grade gas or in the line/capillary. As
someone who’s used to quadrupole mass analyzers, interpreting optical spectra is another animal
entirely. Once I get my argon cylinder refilled, I’ll publish the spectrum.

Reference
Randall L. Vander Wal, Jane H. Fujiyama-Novak, Chethan Kumar Gaddam, Debanjan Das,
Aditya Hariharan and Benjamin Ward, Atmospheric Microplasma Jet: Spectroscopic Database
Development and Analytical Results, Applied Spectroscopy, Volume 65, Number 9, 2011
https://www.researchgate.net/51654173_Atmospheric_Microplasma_Jet_Spectroscopic_Databas
e_Development_and_Analytical_Results
Progress on the Channel Spark
In the October 2021 issue I described the channel spark apparatus for electron beam ablation and
the work of Dr. Patrizio Graziosi. I did some work on a capacitively coupled trigger (October
2021 issue) and in the past few weeks I’ve been assembling the parts to construct a simple
device. The figures on the next page show the configuration.
The device consists of a sandwich using two 2-3/4” CF tubing adapters with a Teflon spacer in
the middle. The upper adapter is for 1.5” tubing and the bottom one is for 1” tubing. Viton CF
gaskets are used and the flanges are joined using nylon threaded rods. The hollow cathode is
formed within the upper adapter which also connects to a glass tube that has the trigger
electrode. Stainless steel or aluminum inserts can be placed within this adapter to change the
dimensions of the hollow cathode. A stainless steel washer serves as a “floor” for the cathode.
The lower adapter mates with the chamber that I have used with my pseudospark apparatus. This
was made from a liquid nitrogen trap and had opposing KF25 ports. I could have made the lower
adapter a 2-3/4” CF to KF25 adapter but the overall length would have been excessively long.
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Using the tubing adapter permitted me to reduce the flange to chamber length by about 2 inches.
This required me to chop off the KF25 flange. Needless to say, I’ll have to modify the mating
flange for the pseudospark device but that’s a task for another day.

The Teflon spacer serves to insulate the cathode (upper flange) from the grounded lower flange. I
had a 1-1/2” thick x 2” bar of Teflon and used a 2-1/8” hole saw to cut the spacer. The resulting
plug had a diameter of slightly under 2 inches but it was a bit on the rough side. I turned it down
to a bit less than the CF gasket diameter of 1.895 inches.
The hole saw had the standard 1/4” diameter hole at the center which is correct for the quartz
capillary tube. As with the fiber optic holder in a previous article, I made an insert of Norprene
tubing to hold the capillary in place. The capillary itself is 6 mm OD x 3 mm ID. It is 5 inches
long.
Articles of Possible Interest in Vacuum Technology & Coating Magazine
January - March 2014
Process System Diagnostics and the Rise of the Intelligent Instrument
Part 1: Simple diagnostics and digital capacitance diaphragm gauges
Part 2: The new generation of mass flow controllers
Part 3: The evolution of the in situ mass flow verifier
February 2015
The Shrinking of the Vacuum Pressure Sensor
Microminiaturization of capacitance and friction pressure gauges
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Articles may be accessed at http://vtcmag.com/. Scroll to the bottom of the page to the back issue
selection box. Look for my columns and you can probably find other articles of interest in each
issue.
End Notes
The two Bell Jar compilations have been posted on the Articles & Publications page of my web
site. These may now be downloaded free of charge. They include all of the time-insensitive
information from the first printed issue in 1992 through the last printed issue (Volume 10
Number 2). The last issue (Volume 10, Numbers 3/4) is in the original newsletter format but
available separately on line.
Mark Atherton has recommended MIT 22.01 Introduction to Nuclear Engineering and Ionizing
Radiation, Fall 2016 from the school’s OpenCourseWare project. The instructor is Michael
Short.The complete course is at https://ocw.mit.edu/22-01F16. The first lecture is Radiation
History to the Present — Understanding the Discovery of the Neutron which may be found at
https://www.youtube.com/watch?v=7LyvAVjQUR8
As usual, contributions of any complexity are welcome.
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