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BVES Goes to California to Join LabRats
Last month I provided an overview of Dr. Shawn Carlson’s educational programs, LabRats and
SDLabrats. I also noted that he had agreed to take the Plasma Activated Water (PAW) set up and the
Basic Vacuum Education System (BVES) under his wing. Both arrived at his office a few days after
Thanksgiving. At the time of this writing, there is no report on the PAW apparatus but BVES was put
into action.
He promptly did the standard marshmallow
demonstration for a group of 9 to 13 year old kids and
they loved it. However, tragedy struck when one of the
group (Shawn’s daughter) tried pumping – a bit too
vigorously it seems. The pump can rock in the holder
and, as it turned out, vigorous pumping with the
attendant rocking broke the check valve connection
when the check valve hit the hold down ring. (If you
want to see how durable something is, give it to a kid.)
The photograph to the right shows the problem area.
We have a few ideas on how to address this weakness
including just not holding the pump down at all.
Shawn noted the deairing exercise and suggested that it
would be useful in a practical sense, for example, the
deairing of epoxy that will be used for potting. He also
liked the boiling point depression exercise.
Of course, the BVES’ pump can’t produce a low enough pressure to demonstrate the triple point of
water. However, it can show the vapor pressure of hot water at moderately low pressures.
The first step is to heat some water to boiling along with some ball bearings or other heat retaining
material. The latter serve as thermal ballast to slow the cooling of the water. Then the water and ball
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bearings are added to a suitable transparent cylinder along with a full immersion thermometer. The plot
in the figure below shows the published data along with measurements using the dial gauge and the
Vernier pressure sensor.

We also chatted a bit about the adiabatic cooling exercise. The BVES manual has some
temperature/pressure data points but no curves. After some digging, I found a relevant data collection
file. The test was done with a rotary vane vacuum pump but I had throttled the pump speed
substantially by placing an orifice at the pump’s inlet. As it turns out, the resulting pumping speed is
not much different than that of the BVES with the hand pump. For the test I used a Vernier pressure
sensor and a Vernier surface temperature probe. The temperature sensor’s tip was moistened by dipping
it in a container with just a few drops of water.
The interesting things happen in the range where the BVES can operate. Initially, the temperature
declines as the pressure is reduced due to evaporative cooling. As the water dissipates you can see the
temperature rise and when it gets back to room temp (which appears to be warmer than the water temp
at the start), the pressure then make a quick drop from something right around 100 Torr down to base
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pressure. Of course, this final drop would not be visible with the BVES as its base pressure is on the
order of 100 Torr.

Shawn also made an interesting point about kids with physical
disabilities. It may simply not be possible for them to operate the
hand pump. I had at hand a 12 volt miniature dual-stage Parker
diaphragm pump. This is shown in the picture to the right. The body
is about 3 inches long. I had purchased this for experiments with
atmospheric pressure plasma afterglows using a surface microdischarge (SMD) plasma source (see the April 2021 issue). The
pump is a discontinued model D1001-23-01 and they seem to be
readily available on eBay for under $20, a tiny fraction of the
original list price. The pump is rated at 2.5 liters per minute per
stage. The stages may be paralleled to double the speed or connected in series for lower (or higher)
pressures.
I had never evaluated the pump for vacuum use and, given the price, another question would be how
would it do as a 3 or 4 stage pump? To try out the options I purchased another pump and made a pvc
pipe chamber with a volume similar to that of the BVES.
Since the speed and volume were the same for each of the tests, the pumpdown curves were similar
except for the base pressures. 4 stages (two pumps) resulted in a base pressure of about 28 Torr. Not
bad! For three stages it was 68 Torr and 2 stages was 150 Torr. One stage wasn’t that impressive –
about 400 Torr.
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I have decided to build a BVES II that would incorporate the features that Shawn has been suggesting
along with some simplifications. For example, I was not that happy with the multiple penetrations in
the column base (the brass to pvc threaded connections required a bit of patching up to render the unit
leak free before I shipped it) so those will be brought down to one connection. Updates for the project
will be posted on the BVES web page as well as here.
Planned Projects of a Retired Analytical Chemist
Within the past couple of weeks I received a request for the compilations from Marc Brutschy of
Dublin, CA, a newly retired analytical chemist. The following is from his email to me:
I'm really looking forward to doing some of the projects--especially making buckyballs. I'm a
retired analytical chemist with a home lab. I've been interested in high-voltage physics for many
years, but so far I've only made a gas discharge tube, and I've partially finished a Van de Graaff
generator. I've been collecting vacuum equipment for years, and now that I'm retired I plan to start
doing projects.
Like you, I grew up reading The Amateur Scientist articles by C. L. Stong. I used to buy old
Scientific American magazines at library book sales and cut out The Amateur Scientist sections. Now
I have them all on CD.
In my home lab I have sections for chemistry, physics, electronics, and microscopy. I've attached a
photo of some of the vacuum equipment which includes a large bell jar that used to be a sputter
coater for gold deposition on SEM samples. It needs some work to be functional again, but I
should be able to get it working. In addition to the lab, I have a CNC mill, CNC lathe, and TIG
welder, so I pretty well outfitted for making fittings and other parts out of aluminum, brass, and
stainless steel.
I've got a half dozen vacuum gauge controllers--mostly TC, one Pirani (no transducer), and an ion
gauge controller (also no transducer). I have several vacuum pumps, including a 2-stage Edwards,
and a variety of transformers up to 15kV. Mostly I'm lacking knowledge regarding how to use a lot
of this equipment, but your compilations of the Bell Jar should help a great deal. On my life list are
two physics projects: 1) Nuclear fission using the particle accelerator described in The Amateur
Scientist, and 2) Nuclear fusion via a homemade fusor. I'm familiar with fusor.net, and I'm a
member of the Fusor Builders facebook group.
As to filling in the gaps in my high vacuum skills, is there an online forum for people who are
interested in high vacuum equipment besides the fusor people? I'd really like to have someone to
talk to about my projects--it's more fun that way.
Again, thanks so much for the Bell Jar! I've started reading it already.
Regarding the suggestion for an online forum, I have given that some thought. Previously, belljar.net
had a forum as part of the site. It was a bit of a pain to maintain and was always getting spam
membership requests. If I were to get one going, it would be on groups.io as I already own several
forums there, all ham radio related. If the readership thinks this might be a good idea, let me know.
A picture of some of Marc’s equipment is on the next page.
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Preparation of e-beam test targets using P31 phosphor
Mark Atherton, New Zealand, markaren1@xtra.co.nz
As part of a series of ongoing experiments, there is a desire to fabricate some small
electroluminescent targets for use as boundary detectors within a steerable electrongun assembly. These targets are likely to use a phosphor attached to a thin, glass
substrate, possibly a microscope slide.
During an unlikely recent conversation, I discovered I was in the presence of a
generous local expert, who kindly donated 20 g of P31 phosphor for me to
experiment with. This was significant because previously, a complete CRT had to be
disassembled and disposed of for a yield of around 1 g of phosphor. I was not
prepared to use this latterly acquired material to experiment with, it was just too
precious.
An electron-transparent adhesive is required to attach phosphor to a glass substrate.
Sodium silicate seems to be a popular choice within the associated industries. Minimum concentration
is required, since any excess is likely to absorb electrons, hence reducing the final number reaching the
electroluminescent material.
the Bell Jar, No. 24, December 2021
5

Three concentrations of sodium silicate were prepared, each diluted with distilled water. Each batch
was mixed into slurry with the phosphor, and then applied to a clean 1 x 25 x 40 mm microscope slide.
A black index mark was made on one corner of the slide to indicate the highest concentration, and the
slurries were deposited in the sequence 33%, 11%, and 3.7%.

Samples in sequence 33, 11, and 3.7%
The wet slide was then placed over a hot-air heater (designed for electronic component surface-mount
rework), and the air temperature was slowly increased until the slurry dried, which took around 45
minutes. This included a generous baking period.

Hot air rework heater; a small industrial hairdryer
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Inspection indicated that sample 3 was flaking, and the phosphor could be scraped off using a scalpel.
Samples 1 and 2 held firm, even when being scraped with a new blade.

Flaking test, the 3.7% sample failed
It is worth noting that this P31 phosphor while being classified as being an irritant, is not actually toxic.
Sample 1 comprised a single flat scoop of P31 and 0.5 ml of 33% adhesive.
Sample 2 comprised a double flat scoop of P31 and 0.5 ml of 11% adhesive, this is possibly similar to a
single small flat scoop of P31, and 0.5 ml of 5.5% dilution.
Sample 3 comprised a single flat scoop of P31 and 0.5 ml of 3.7% adhesive, this sample could not be
used because of flaking.
Sample 2 performed almost as well as a commercial faceplate.
It was noted that a scoop, roughly twice the volume of the others had been used to mix the 11% central
sample. This larger scoop turned out to have been incorrectly supplied by the vendor. This error had not
been noticed until it was used in the experiment.
So while the absolute quantities of materials are unknown, a repeatable recipe is at hand. This isn’t the
best possible situation to be in, but the recipe has yielded some very acceptable and repeatable results,
which was the main aim of this project.
Relative-luminosity testing was made by optically comparing a test sample against a dismembered
CRT faceplate (the gold-standard), with each being bombarded using a steerable electron beam of the
same energy. Photographs are on the next page.
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e-bombardment of sample 2

e-bombardment of reference faceplate
Mark Atherton
30 Dec 2021
New Zealand
This article is published under the Creative Commons Attribution License (cc-by).
Redistribution and re-use of this work is on the condition that the creator (Mark Atherton, New
Zealand) is appropriately credited.
Articles of Possible Interest in Vacuum Technology & Coating Magazine
August 2015
Miniature Vacuum Pumps
A number of designs, mostly based on MEMS technology
September 2015
Miniature Analytical Systems
Tiny systems to match tiny pumps
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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
In the past 18 or so months I’ve only received a couple of orders for either or both of the compilations.
In those cases I have refunded the money and sent the document links with passwords. I figured it was
time to make these generally available. I plan to revise the listings on the Articles page of the web site
sometime during January 2022.
As usual, contributions of any complexity are welcome.
Best wishes to all for a Happy New Year!
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