“Ionospheric” bubbler
In this project you will build a demonstration model to show how bubbles form when a
more dense fluid lies on top of a less dense fluid. This simulates the formation of plasma
bubbles in the ionosphere. By shining a laser through the bubbler you also can
demonstrate how light is bent and scattered by the moving bubbles of different densities.
This is what causes stars to twinkle and radio signals from satellites to scintillate.

What you will need:
two empty clear plastic bottles with smooth sides
water
vegetable oil
silicon aquarium glue
scissors or a phillips head screwdriver
heat source (lighter or gas range or Bunsen burner)
pot holder
turkey lacers
popsicle sticks
(Optional: exacto-knife, large syringe)

Directions:
1. Set up the empty plastic bottles (like the examples in figure 1). You want them to be
clear plastic with smooth surfaces and as few ripples in them as possible. Here we’re
using a small Ozarka water bottle and a Dr. Pepper bottle for the small version and two
one-quart carbonated water bottles for the medium version (You can try to make a large
version using a couple of two-liter soft drink bottles, but they are probably too large and
the completed bubbler is liable to leak.) What you don’t want are water bottles that are
colored or have a lot of surface texture on them. If you can’t find exactly the ones we’re
using here, try experimenting with different bottles you can find and see which ones
work best in terms of size, fit, and which transmits the light from the laser pointer most
clearly. Start by removing the paper labels.
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2. Cut the top cone-shaped part off of one of the bottles with either scissors or an exactoknife (figure 2). For the version using the two quart bottles it doesn’t matter which one.
If you are using two different sized bottles one like our other example here, then you
want to cut off the top of the one with the longest neck. This will give the largest height
between the top of the intact bottle and the bottom of the cut bottle when you put them
together (see figure 8). Try to use at least one short-necked bottle (such as an Aquafina
or club soda bottle) to avoid having the neck of the intact bottle take up a lot of rooom
inside the first bottle. Once the top has been cut off, trim the edges to make it smooth and
even.
3. Now we have to make the holes in the other bottle. The only way to do this effectively
is by using a turkey lacer (figure 3) or a similar small skewer that you heat for a second in
a flame and then use it to melt the holes. (An exacto-knife or a very sharp knife does not
work well since the plastic tends to bend rather than let the knife through.)
a) The first hole to make is the one on the lid of the intact bottle. Do this while it is
screwed on tight. Be sure to hold the turkey lacer or skewer with a pot holder or hot mitt
while heating it. After heating the lacer, push it through the lid. You may need to repeat
the heating and poking steps to make the hole the right size. It should be about the size of
a green pea (figure 4). After it has cooled, smooth the plastic burrs from the hole with a
phillips-head screwdriver or round file.
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b) Next you need to make four smaller holes on the body of the bottle just below the cap.
Figure 5 shows where we have marked them before we started making the holes. Use the
heated turkey lacer to make these holes, but they should be a little smaller than the size of
the large hole on the bottle cap (figure 6).
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c) Finally use the heated turkey lacer to make two small holes in the bottom of the bottle
that that you cut the top off of earlier (figure 7). One will be used to pout water into the
bubbler after the two parts are glued together and the other is the air release while you do
that, so the size of these holes is a trade off. You want it large enough that you can pour
at least a steady trickle of water into it easily, but you don’t want it so large that you can’t
seal it over with the aquarium sealant. The best size for these holes seems to be about the
same as the holes you made around the cap of the intact bottle.

figure 7
4. Test your cut bottle to make sure it fits snugly onto the top of the intact bottle (figure
8). You may need to do some additional trimming on the cut bottle. Remove the cap
from the intact bottle and fill it with vegetable oil almost to the level of the holes on its
neck (figure 9). Screw the cap back on securely.
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5. Now we glue the bottles together. Apply a continuous bead of the aquarium sealant
around the inside lip of the bottle (figure 10). Place the cut bottle on top of the uncut
bottle full of vegetable oil (figure11). Twist the cut bottle slightly to smooth out the
sealant and make sure the top half (the cut bottle) is straight on the bottom bottle. Apply
a continuous bead of sealant along the outside of the seam where the two bottles meet.
Use a popsicle stick to smooth out the bead (figure 12). (You want to avoid getting any of
the glue on your fingers. While it will wash off, it will make your fingers feel tacky for
about a day afterwards.) Finally, make sure that that top bottle is on straight and adjust it
if necessary now while the sealant is still soft. You will need to wait at least 12 hours for
the sealant to set before continuing to the next step.
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6. After waiting at least 12 hours we must test the glue to make sure there are no leaks.
Pour water into one of the small holes on the bottom of the cut bottle , which is now the
top of the bubbler. You can do this by holding the bubbler under a faucet and trickling the
water in or, if you have a large syringe, you can easily squirt water in through the holes.
Put enough water in to have it fill up the region around the seam and then let the bubbler
sit for several minutes to determine if you have any leaks(figure 13). If you do, then
apply more sealant to the outside seam, wait several hours for it to set, and then repeat the
test.
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7. Once you’re sure there are no leaks, continue filling to the bubble up with water. As
the water goes in, it is denser than the oil and so the oil will float to the top. (You can fill
the bubbler by submerging it under water, but be careful! Since the oil is less dense, you
can end up with all the oil coming out of the holes! Be careful to hold it vertically under
water with the top just barely under the surface of the water. That way you can watch the
bubbler fill up and pull it out of the water just as the oil reaches the top of the bubbler.)
When you have finished putting the water in you may still have a few small air bubbles at
the top of the bubbler. That is okay. Your bubbler should now look something like the
one in figure 14. (Note that during this section we have the bubbler in a tray in case there
is a leak.)
8. Dry off the outside of the bubbler (be careful not to squeeze it or the oil will come out
of the holes at the top). Wait a few minutes to make sure again that the seal isn’t leaking.
(If it is leaking, add more sealant to the outside seam.) Once you’ve decided there are no
leaks, put glue onto the two holes on the top and then flatten the glue down with a
popsicle stick (figure 15). As before let this set for at least 12 hours before doing
anything else.
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9. Once the glue in the top holes has set, perform one final leak test: Turn the bubbler
upside down over some paper towels. Assuming there are no leaks you should see the oil
bubbling through the holes into the upper chamber while blobs of water will sink down to
the lower chamber (figure 16). This process will take a few minutes to complete, then
you can turn the bubbler over again and watch the process repeat itself. In general you
will want to store the bubbler with the sealed holes on top in order to minimize the
chance of a leak occurring later.

figure 16

What is going on here?
Water has a higher density than that of the oil, so when you turn the bubbler over with the
water on top, the two fluids will begin to change places. Bubbles of the lighter oil move
upward through the water and bubbles of denser water move downward through the oil.
This is analogous to what happens with warm air (less dense) and cool air (more dense)
in the Earth’s atmosphere. Air is usually warmed by contact with the surface of the Earth
and warm bubbles or “packets” of air will start rising upward into the cooler regions of
the air. This occurs both during day and night. During a particular hot day you can look
towards the horizon through the warm rising air and see distant objects appear to
shimmer. This occurs because visible light bends slightly as it passes through regions of
air with different temperatures (and hence different densities). Because the air is always
changing, the blobs are always moving, the path the light takes to your eye is also always

changing. So the light from the distant object appears to dance about continuously. At
nighttime you can see this effect almost every night by looking at the stars twinkling.
Again, this is caused by the motion of packets of air of different temperatures (and
densities) moving up and down along the line of sight between your eye and the star.
This is why stars closer to the horizon appear to twinkle more than stars closer to the
zenith; you’re looking through more air to see the ones closer to the horizon and the
starlight is encountering more moving packets of air with different temperatures. The
technical term for this distortion of light is called scintillation.

figure 17
You can see this scintillation by shining a laser through the upper chamber of the bubbler
while the bubbles are occurring. Start by shining the laser light through the oil in the
upper chamber before you turn the bubbler over. Show your class what the light looks
like after it has passed through the chamber (figure 17). In this photo we are using a
stationary laser so the beam doesn’t move, but you can use handheld laser pointer. If you
do use a handheld laser, rest your hand on an object to help you hold the beam
motionless. (Be sure the students understand that the variations in the beam caused by
your hand moving are not scintillation.) Now turn the bubbler upside down and again
shine the laser through the upper chamber. Even though the laser is being held
motionless, the spot of laser light coming out on the other side will dance about and
change shape (figure 18a and 18b). This is the effect of the light beam bending as it
passes through the bubbles of different densities. This is a demonstration of scintillation.
Notice that once the bubbling quits, so does the scintillation.
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What’s going on in the bubbler is also analogous to what happens after sunset in the
equatorial regions of the ionosphere. There is a layer with a higher density of ions above
a layer with a lower density of ions. Because this is not stable the two regions of the
plasma try to move around each other and fingers and blobs of the less dense plasma
work their way upward into the region of more dense plasma. While these bubbles of
plasma do not affect visible light, they do affect radio waves, causing them to bend. If
you were looking at the radio signal from a satellite while these plasma bubbles were
along your line of sight, you would see the location of the radio signal jiggle about in the
sky while the intensity of the radio signal would vary wildly. This scintillation of the
radio signal obviously can mess up communications between the ground and satellites,
which is the motivation behind the C/NOFS project. We want to understand the causes
of these bubbles so we can predict exactly when they will or won’t occur. Just like the
weather on the ground, we may not be able to do anything about it, but if we know when
a storm is coming, we can take actions to prepare for it.
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