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Figure 1 And what about these bodies?

3.2 Preconceptions versus Reality - Mapping

Next task is to create previously visualized droplets. Learners have at their
disposal cups with different liquids, different tools to drip a droplet with and
various materials that could be used as a base for droplets. They recognize that it is
not easy to create a droplet of certain expected characteristics.

The goal of teaching on this level is to link the relatively final state of a droplet
on the base with its creation process. The result of the process depends on several
factors that does not have to be necessarily expressed but at the end learners
usually recognize them: the liquid source - used dripping tool, the amount of the
liquid; the space in which the drops are falling - its composition and the distance
between dripping tool and the base; surface properties of the base - material,
structure; the way of dripping. From variety of ideas there arises a common
question: ”In fact, what is really a droplet?”

3.3 Approaching the Limits - Modeling

Concerning creation of the definition, learners are involved in the process
seriously. “What are the possible shapes of a droplet on the base? Is each small
amount of liquid a droplet? Where are the limits of a droplet? What is the
difference between droplet and non-droplet states?”

To find out the answers they initiatively make different simple experiments.
One learner joins his definition with dripping process from a straw - the drops are
those small amounts of liquids that just spontaneously drip from a straw and touch
the base without fall. Another learner finds out dynamic definition related droplet
destruction: Droplet on a base is a small amount of liquid that keeps en masse also
when you blow into it or push it gently. Etc.

Figure 2 Which of these sketches represent a model of a droplet.
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We (as teachers) have prepared also our versions. Here the first teaching goal is to
develop the process of modeling. Learners recognize that to build up a definition
means to approach, step-by-step, physical limits of the KC, i.e. to approach the
borders conditions of its existence.

“A small amount of liquid on a base is a droplet, when the ratio of its height
“a” to its mean diameter “b” is greater than e.g. 1/5.” (See Fig. 3.)
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Figure 3 Characteristic proportions of a droplet.

“A small amount of liquid on a base is a droplet when contact angle is higher than
90 degrees and the surface around the droplet is not wet.” (See Fig. 4)

Figure 4 Droplet and contact angles.

“A droplet has fully plump top surface. If there is a bit more liquid and the top
becomes flat - this is not a droplet anymore.” (See Fig. 5)

The learners can be asked to modify this definition -

“If we add little more liquid to a droplet on a base and its height does not change -
this is not a droplet anymore.”
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Figure 5 Droplet does not change its height anymore.
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“Each compact small amount of liquid which hits a base and does not spilt or sink
into the base is a droplet on a base.” (See Fig. 6)

Figure 6 Spilt droplets.

Definitions as Parallel Cases Let us compare these four definitions (see Fig. 7)
from the point of physics®:

Figure 7 Different definitions of a droplet.

The criterion of the first definition of the droplet given by certain portion between
the characteristic width and height seems simple but has no physical support.

The second definition deals with the typical physical characteristics of liquids
- the contact angle. The definition is simple, clear but not satisfying. It does not
consider the amount of liquid.

B\ B

Figure 8 The same definition suits for all cases.

The third definition is uniquely determined by physics, the boundary between the
droplet state and the non-droplet state is finite and the things for discussion are the
zero value of the force of surface tension in direction of gravity and our possibility
to determine it.

&) Physics represents here the concept, see upper the FOCUS.
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The forth definition is vague (see Fig. 6), but we have opened the door for a
new problem - as a new concept here, we have spilling.

To support learners’ effort for systematic definition, we can provide them
with the task: ,Try to create the biggest possible droplet on the base”. They soon
discover that to get the biggest droplet they have to get the smallest one.

Definitions as Ideas All “definitions” represent our ideas with respect to FOCUS.
All of them relate to our focus - “droplet” and to our concept - “physics”. To fulfill
the FOCUS we must still determine their values for us - for me as the learner, for
my future learning; for me as the teacher to teach learners better; and for us in
general, how we can use these definitions. “Which of these definitions is universal?
Do we really need a universal physical definition of a droplet? What should be the
value of the physical droplet definition at all?

Successively: “How many definitions of a droplet on a base we have got
considering physics as the concept?” “How many systematic definitions did we
find?” It seems here we must combine the definition established on the contact
angle and the definition established on the flat top (and doing this, the separate
definition avoiding the splitting is not necessary) etc. - “The size of droplets can be
important in the world of technology...”

Teaching notes:

- Here is a teaching danger to start to deal with technology as a new
concept. Technology is a very important concept that we only mention
here and promise the learners to deal with it later!

- From teaching and learning point of view, looking backwards, the
particular definitions were important but at the end, we have to consider
all the detected features together.

From the physical point of view it is interesting that according to our assumptions,
for example, the contact angle of liquid on an open base does not depend on the
amount of liquid, neither on the droplet history, how the droplet got to the base.
Learners can verify this by experiments using goniometer and by data in physical
tables. They can find out that the contact angle represents typical mutual
characteristics of liquids and solid surface that depends on actual temperature and
air pressure. This is evident. Yet - how is this possible? The formation of the
droplet is a self-development process governed by inner forces of the matter and
gravity!

3.4 Discovering the Principles - Abstracting

We can describe droplets and their typical features on the base but what are the
principles that allow liquids to become droplets - large droplet balls on the ISS
station, fog and rain droplets, dripping, emulsions,...?

Here, our actual focus is “the principles of droplets”. The used methodology
can be seen from next Fig. 9 - Fig. 12: Though all the time we deal with the same
KC - the droplet, to underline the nature of droplets we use four parallel cases of
different characteristics - bubbles, steel ball, droplet and grains of sand. Then,



