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ANTI-GRAVITY WATER

Materials

Graduated cylinder or jar with uniform mouth <10cm diameter

Cheesecloth, cut in a square to cover opening in vessel

Elastic band

Index card

Water

Safety Considerations

Perform this demonstration over a sink or bucket.

Caution when holding wet glass vessels to avoid breakage.

Curriculum

This demonstration is compatible with several areas of Manitoba Science curricula.  It is useful in discussions of the properties of liquids, and can be extended to include forces of surface tension, hydrogen bonding, polar molecules, cohesion, adhesion, atmospheric pressure, gas laws, detergents, capillary action and molecular interactions.  As such, this discrepant event could be useful in chemistry, physics, general science and earth sciences.  Specific learning outcomes in which this demonstration might fit are as follows:

Grade 5 – Cluster 2:Properties of and Changes in Substances

5-2-01 Use appropriate vocabulary related to their investigations of properties of, and changes in, substances.

5-2-05 Identify properties of the three states of matter.

Grade 7 – Cluster 3: Forces and Structures

5-2-02 Use appropriate vocabulary related to their investigations of properties of, and changes in, substances.

7-3-04
Identify internal forces acting on a structure, and describe them using diagrams

Grade 8 – Cluster 3: Fluids

8-3-01  
Use appropriate vocabulary related to their investigations of fluids

8-3-09  
Recognize that pressure is the relationship between force and area, and describe situations in which pressure can be increased or decreased by altering surface area.

Chemistry 30S – Topic 2.2: The Physical States of Matter

2.2.1
Compare and contrast the three states of matter in terms of observable physical properties.

Detailed Description

Ensure that the demonstrator practices in advance to avoid any mistakes during the presentation

Preparation:

Ensure cylinder is clean and rinsed well to eliminate all traces of detergent. 

Demo 1:

Fill cylinder to overflowing, and place the index card on top of the water column, ensuring that a complete seal is made.  

Quickly invert the column with one hand on the card.  Release hand, and the card should remain in place, appearing to hold the water in.

Demo 2:

Empty water from the cylinder, place a double layer of cheesecloth over the mouth of the cylinder, and fasten with elastic.  

Fill the cylinder to the brim again, showing students how the water easily pours through the cheesecloth.  When full, quickly invert the tube as before.  A little water may initially drip out, but most of it will remain in the cylinder, without running through the cheesecloth.

Variations
Use a variety of materials on top of the cylinder.  Other porous materials, such as screen, cloth napkins etc would work just as well.  Experiment with these before hand, as heavier materials, such as a thick glass plate, may have enough mass to break the surface tension seal.

Try partially filling the jar: for most volumes, the water should still remain in the cylinder.

Follow up the demonstration with the addition of a detergent to the water, and see what happens.

Theoretical background

In this demonstration, the water stays in the cylinder due to a combination of the surface tension of water and the pressure of the air against the cheesecloth/index card.  

Water has a high surface tension (73 N/mm), which is a measure of the inward force acting on the surface of a liquid due to the attraction of molecules in the liquid.  Surface tension can also be described as the force required to break through or stretch the surface of a liquid. Electrons are not shared equally in a water molecule’s covalent bonds, and although a water molecule has a net neutral charge, its sharing arrangement results in a polar molecule having a net positive charge at one end, and a net negative charge at the other.  This polarity results in an attractive force, or cohesion, between molecules, which is responsible for capillary action and for surface tension.  The weak “hydrogen bonds” responsible for this cohesion are about 1/20th as strong as covalent bonds. At the interface between the liquid’s surface and the air, there is an orderly arrangement of water molecules hydrogen-bonded to one another and to molecules below resulting in surface tension.  As a result, polar liquids have a higher surface tension than non-polar liquids, which tend to flow easier. 

In this demonstration, the card essentially acts as a seal, due to surface tension between the water in the card and the water below; this is ultimately due to the adhesive and cohesive properties of water.  The surface tension serves to maintain the seal, through adhesive force.  With the cheesecloth, the cohesive and adhesive forces of surface tension seal the holes between the fibres of the cloth, and the force of this surface tension is sufficient to stop any water from coming through the pores. 

The water does not escape the tube due to pressure differentials caused by the inversion of the tube and sinking of the water column.  As the cylinder is turned over, the weight of the water will cause the water column to sink very slightly, creating a ‘vacuum’ at the top of the inverted column (i.e. the volume of air in the tube increases, with a resulting decrease in pressure).  The card will bulge out slightly and absorb some water from the full column, leaving a small pocket of air at the top of the inverted tube.  If this air volume has expanded sufficiently, it will balance the weight of the water.  With the seal made by the card, the effective downward pressure of the water and air within the cylinder on the card is less than the atmospheric pressure on the outside of the card, and the water will remain in the tube.

This event can be described numerically by showing the downward pressure of water on the bottom of the column, represented by P=L(g where L=length of the column, (=density of water and g=gravitational acceleration.  If we want to find the point where the downward pressure of water equals atmospheric pressure (101000 Pa):

P=L(g

101000 Pa = L (1000 kg/m3) (9.8 m/s2)

L = 10.3 m

Thus, a column of water 10.3 m high would exert enough downward pressure due to gravity to counteract the upwards atmospheric pressure on the card.  So, you could actually use a much higher column of water and still achieve the same effect.

The principle of the pressure differential can be described further, using the ideal gas law and some approximations.  If we want to see what displacement of air is required to 'hold' a column of water of a given height, we can use the following equations, assuming a cylinder that is not completely full:

Say the column of water is 50mm high and there is a column of air 20mm high above it before the tube is inverted.


Using the ideal gas law applied to air:

P1V1=P2V2
we can derive the following:

P1V1 = (P1+p)(V1+v)

p/P1=-v/V1

where:

P1 = atmospheric pressure

V1 = air volume in the glass without water effect

P2 = pressure in the trapped air in glass (when inverted)

V2 = volume of the trapped air (when inverted)

p = water column pressure

v = change in volume of the trapped air

Next, we assume that since we are using a uniform cylinder, it has a constant cross-sectional area A

p/P1=-v/V1=Ah/AH=h/H

or, p/P = h/H

where:

H = height of unexpended trapped air

h = is the slippage height of the column of water

this height h is what we are interested in, i.e. what slippage height h do we need to balance the weight of the water and the atmospheric pressure?  Using the 50mm water column and 20mm air column with the formula for the downward pressure of water Pw=L(g,

Patm = 101000 Pa

Pw = (0.05 m) x (1000kg/m3) x (9.8 m/s2) = 490 Pa

and,

h = Hp/P1 = (0.02 m) x (490 Pa) / (101000 Pa) = 9.7 x 10-5 m

Thus, in this situation, the column of water only needs to slip about 0.1 mm to balance out the weight of the water with the atmospheric pressure, and the system stays intact.

DISEQUILIBRIUM

Although relatively simple in execution, this discrepant event easily causes confusion and disequilibrium in students.  First, most students will expect the water to pour out, as if the card was not there.  Even if students have some idea of how the card might hold in the water, once they see the water pour through the cheesecloth into the jar, they are confused when it won't pour out again.  If the demonstrator asks students to predict what will happen in each case, he/she will likely receive a range of answers.  Students may suggest that surface tension is responsible for the observed effect, although they may not be able to describe why.  For instance, many students would not be able to answer the question: if surface tension is all that is required, why doesn't the water stay in the cylinder without a card?  Or: why does the cheesecloth, with all of its holes, let water in one way but not the other?  The concept of pressure differentials may be a further source of confusion for students.  If they are unfamiliar with it, the concept of atmospheric pressure may not make immediate sense, and it is key to a theoretical understanding of the demonstration.  They don’t necessarily “feel” a pressure around them, and the idea that this pressure works in all directions may not be evident to them.  Although students may be able to visualise some sort of "suction" force inside the cylinder, the idea of a force pushing up from the other side of the card may not be evident.

We can draw some analogies to help students enter a psychological plane of understanding and put this idea in context.  Most students will have drawn water through a straw and held their finger over one end, holding the liquid inside, or tried to pull an inverted cup out of a sink and felt some resistance.  Both of these situations relate to pressure differentials: both create an expansion of air volume with a resulting decrease in pressure that will result in a force that either "holds" water in the straw or "pulls" the cup down.  There are a great many more experiments that can further demonstrate surface tension, atmospheric pressure and pressure differentials, and this particular discrepant event can serve as an introduction to these and many other scientific concepts throughout the curriculum.
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