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Experiments Showing Dynamics of Material Interfaces 

Robert F. Benjamin 
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Los Alamos National Laboratory 

National Educators Workshop (NEW-Update 96) 
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27-30 October 1996 

ABSTRACT: Simple, inexpensive experiments with fluid interfaces show some 
fundamental properties of interfacial instability and some techniques for controlling 
instability growth. 

KEY WORDS: Interfacial instability, Rayleigh-Taylor instability 

PREEQUSITE KNOWLEDGE none 

OBJWIVES: Students learn fundamental properties and dynamic effects of unstable 
interfaces by carefully observing the behavior of everyday unstable fluid interfaces. 
Students also learn techniques to control interfacial instability. 

EQUIPMENT and SUPPLIES: 
Various household jars, glasses, bottles; 

e.g., empty baby-food jars work well 
Index cards 
Tissue paper and other papers that are easily wetted 
Gauze andor cheesecloth . 
Tub for catching spills 
Sponge for mopping up spills 

INTRODUCTION and BACKGROUND: 

The discipline of materials science and engineering often involves understanding 
and controlling properties of interfaces. We address the challenge of educating students 
about properties of interfaces, particularly dynamic properties and effects of unstable 
interfaces. A series of simple, inexpensive, hands-on activities about fluid interfaces 
provides students with a testbed to develop intuition about interface dynamics. The 
experiments highlight the essential role of initial interfacial perturbations in determining 
the dynamic response of the interface. The experiments produce dramatic, unexpected 
effects when initial perturbations are controlled and inhibited. These activities help 
students to develop insight about unstable interfaces that can be applied to analogous 
problems in materials science and engineering. 

occurs when a higher-density fluid is above a lower-density fluid. One set of lessons 
studies the interface between water and air and another set examines watedwater 
interfaces. Although water is far more dense than air, their pressures are equal at ambient 
conditions. Thus pressure balance suggests that water in an inverted glass or jar should 
stay contained. Air pressure is adequate to support the water within a glass when I turn a 
glass of water upside-down. However, water reliably spills out of an inverted glass. The 
reason why air is unable to contain the water is Rayleigh-Taylor instability of the 
water/air interface. Ripples at the water/air interface quickly grow into the stream of 

Our lessons examine “Rayleigh-Taylor instability,” an interfacial instability that 



water gushing downward from the upside-down glass. This ripple growth is Rayleigh- 
Taylor instability. Our activities demonstrate this effect and show how the interfacial 
instability can be controlled. The experiments dramatically demonstrate the capability to 
control an instability once it is understood, and this perception has obvious value to 
materials science and engineering. 

Extensions of these water/air experiments can be used to examine engineering 
issues. Use of different papers to inhibit ripple formation at the water/air interface 
provides an introduction to paper engineering. The student can determine the relative 
tensile strength of wet papers using Rayleigh-Taylor instability as a diagnostic method. 
Students are introduced to the notion of “failure-mode analysis” by observing the 
different modes of water leaving the inverted glass. Water may drip, stream or gush out, 
depending on the barrier used to control ripples. Also the student leains that certain flow 
patterns are characteristic of this interfacial instability, which is another essential concept 
in failure-mode analysis. 

Rayleigh-Taylor instability also occurs at interfaces between two liquids, 
although the effects are less dramatic than instability of a water/air interface. When 
higher-density water is above lower-density water, Rayleigh-Taylor instability occurs 
and is manifest by mixing. “Higher-density watei‘ is salt water or water substantially 
colder than “lower-density water.” Thus, another set of lessons involves watedwater 
interfaces. 

PROCEDURE 

The basic experiment for studying the instability of a water/air interface is to 
cover the opening of a water-filled jar (or glass, bottle or other container) and turn it 
upside-down, while observing whether the water stays within the upside-down jar. If no 
barrier covers the mouth of the jar, the water spills out, as we observe daily. However, 
certain barriers are surprisingly effective at containing the water. An empty baby-food jar 
is a convenient jar fof these experiments, but any jar with a smooth rim will work. 

First, use an index card to cover the water-filled jar. Carefully support the card 
with one hand while inverting the jar with the other hand. Allow any water sloshing 
within the jar to subside before removing the support of the card. As you move away the 
hand supporting the card, notice that the indexcard stays affixed to the jar rim because of 
water adhesion to the card and to the jar’s rim. A thin bead of water between the card and 
rim forms this bond. The index card contains the water because air pressure below the 
card equals water pressure above the card. Technically, this experiment does not 
investigate a water/air interface because the card intervenes between the two fluids, but it 
does demonstrate the pressure balance. 

The next barrier to try is tissue paper, preferably a name brand. Fill the jar with 
water, emplace the tissue over the opening and allow it to become wet and smooth. 
Severe sloshing occurs while turning the jar upside down, so carefully support the wet 
tissue with an index card, other smooth surface, or the palm of your hand while inverting 
the jar. When the jar is inverted and sloshing ceases, remove the support and observe that 
water stays within the jar. The wet tissue appears to hold in the water, which seems 
discrepant because a wet tissue is known to lack the strength. What is really happening is 
that air pressure is supporting the column of water in the jar (as it did with the index 
card), and the tissue is helping surface tension to keep the watedair interface smooth. 
Rayleigh-Taylor instability is blocked by the absence of ripples, so the water fails to 
stream out. Because air pressure and water pressure are equal at the waterlair interface, 



the tissue needs no strength to keep the water in the jar. The'job of the tissue is to prevent 
ripples. 

The barrier can be even more porous than wet tissue. Repeat the experiment with 
gauze or cheesecloth. Fill the jar with water, cover it with gauze, making sure that the 
gauze is wet and smooth across the water surface. An elastic band may be used to secure 
the gauze to the jar top for convenience, but this is not necessary. Support the gauze with 
an index card, smooth surface or palm of your hand while turning the jar upside down, 
wait until sloshing subsides, then carefully remove the support. Observe that the water 
remains in the jar although a few drops may leak out. Inducing ripples by shaking or 
tilting the jar will cause some water to spill. The physics is the same as the tissue 
experiment: The combination of gauze and surface tension keeps ripples from forming so 
Rayleigh-Taylor instability is blocked and the water stays put. 

Students may want to try other porous barriers with larger openings. For 
example, hobby shops sell a variety of perforated cloth for needlepoint projects. One 
may also try cutting away portions of the gauze to obtain a fabric with if larger opening 
size. Surface tension is capable of sustaining a ripple-less surface area several mm 
diameter. One may also seek containers of small opening diameter capable of containing 
a water column without any barrier (Le., with the use of surface tension alone to inhibit 
ripples). A straw sealed at one end does this, and some bottles designed for soy or 
tabasco sauce work. Some test tubes work also, but one must be very careful about 
removing the support barrier for containers of larger diameters. 

Because surface tension is crucial, adding soap or other surfactant to the water 
will alter the results. Students may be encouraged to determine the effects of soap and 
other additives to water. ' 

An extension of the experiment using tissue paper as the barrier is to compare 
other papers as barriers. Surface tension causes the wet paper to become stressed and 
smooth. Name-brand tissue works well because it is engineered to have high tensile 
strength when wet, a requirement for confining wet, vigorous sneezes and coughs. 
Generic brands of tissue usually lack this strength, so they are often torn by surface 
tension when used as a barrier. The tear not only opens a larger hole, but it also induces 
ripples that promotes Rayleigh-Taylor instability. Also toilet paper is designed to lack 
tensile strength, so it usually fails for an opening size of about one inch diameter or 
greater. 

The instability of watedwater interfaces can be studied with a pair of matching 
jars (e.g., empty baby-food jars work well). Fill one jar with tap water and the other with 
salt water having food coloring added as a tracer. Cover the fresh-water jar with an index 
card, invert it and place it carefully above the jar with salt water. Slowly and carefully 
remove the index card so an interface forms between the fresh water above and the salt 
water below. Wait several minutes and observe that some diffusive mixing occurs at the 
interface, but the waterlwater interface is otherwise stable. The lower-density fluid (fresh 
water) is on top and the higher-density fluid (salt water) is on the bottom. This 
configuration with actually stay un-mixed for weeks. Now repeat this experiment, but 
put the salt water on top. One observes mixing within seconds of removing the card and 
the two liquids will be totally mixed in less than a minute. 
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