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Main Effect of Increasing Entropy

Teaching Entropy

Side Effect of Increasing Entropy

Entropy can be generated by nearly all kinds of real
processes.

The benefit of chemical thermodynamics is beyond

An increase of entropy can also cause numerous side
effects.
One of the most important is a change in volume. Usually,
the object expands.

question but the field is reputed to be difficult to learn.
One of its most important fundamental quantities,
entropy

S,

mathematical
Friction

Forging

Irradation

The main effect of increasing entropy is that the matter
becomes warmer.
Experiment 3.2: Heating of metal by
forging
A small block of copper will become so
hot after about 15 to 20 strong hits with a
heavy hammer that it will hiss when put
into water.
In the entertainment
television show “Wanna
bet, that ... ?” which was
very popular in Germany
the blacksmith Torsten
Becker made the bet that
he together with four colleagues could
heat a piece of iron by forging to such
an extent that it would be possible to
prepare a fried egg on it.

M e a s u ri n g E n tr o p y
The transferability of entropy by means
of an “entropy sponge” opens up a
possibility of measuring the amount of
it in an object. For example, the amount
of entropy needed to melt a given ice
cube could serve as unit.
“Entropy
sponge”

commonly

introduced

expression

which

by

an

involves

abstract
heat
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temperature, seems especially hard to grasp.
Therefore, it could be regarded as a kind of
“black sheep” of thermodynamic quantities.
As a simpler and faster way, we propose to
introduce entropy S as an in matter
distributed, more or less mobile entity
which is at first characterized by its
typical and easily observable properties,
i.e. by designing a kind of “wanted poster.”
This phenomenological definition is followed by a direct
measuring procedure.
The teaching concept will be presented in more detail in
the oral presentation (with demonstration experiments)
“Teaching Entropy—An Alternative Approach”
during this conference.

Students often regard chemical
thermodynamics as very abstract
and remote from day-to-day
life. Therefore, we use in our
textbook numerous links to
everyday experiences and
especially the motivating power
of more than eighty fascinating
demonstration experiments.

Ice cube

The amount of entropy which melts
3
0.893 cm of ice corresponds exactly to
the SI unit 1 J/K.
Instead of counting ice cubes, it is
easier and more accurate to use the
amount of melt water produced as
measure.

Thermal expansion

Curtain up for
the experiments!

Experiment 3.5: Ice calorimeter
The entropy emitted by the chemical
reaction of iron and sulfur into iron
sulfide is measured by a simple ice
calorimeter.

Entropy

Experiment 3.3: Expansion of a wire by
electric current
A wire with a weight hanging from it
lengthens noticeably when an electric
current flows through it. If the electric
current is turned off, the wire shrinks
again.
Another interesting experiment related to this topic is the
jumping disc.
Experiment: Jumping disc
A disc with a slightly curved shape
consisting of two metals with
different expansion coefficients is
warmed and then “clicked” into
the “inverted” shape. When the
disc cools down, it spontaneously returns to its original
shape thereby jumping into the air.

F i r s t A p p l i c a ti o n s
Let us look at some examples that give
an impression of the values of entropy:
A piece of blackboard
chalk contains about 8 J/K
of entropy. If it is broken in
half, each half will contain about 4 J/K
because S is an extensive quantity.
3
A 1 cm cube of iron also contains about
4 J/K, although it is clearly smaller;
whereas, there is only about 8 J/K in
1 liter! of ambient air (because the air
sample has far fewer atoms in it than
the piece of chalk).
If the air is compressed to 1/10 of its
original volume, it will become
glowingly hot.
Experiment 3.7: Fire
piston
If the piston is moved
down quickly and
powerfully, the tinder
(e.g. cotton wool)
bursts into flame.
This effect is also utilized in diesel
engines to ignite the fuel-air mixture.

0.82 mL of melt water in
the graduated cylinder
corresponds to the unit
of entropy.

Conserving and Generating Entropy

Heat Engines

To improve understanding, we will contrast an entropy
conserving process with one that generates entropy.

A heat engine is a device that conveys entropy St from a
body of higher temperature T1 to a body with a lower
temperature T2. Thereby, the energy Wt is gained.

Experiment 3.9: Entropy conserving
process
If a rubber band is expanded and then
relaxed, the temperature that rises during
expansion sinks again. The energy
expended at the beginning is retrievable.
The temperature change T(t) resembles a
square wave. The process is reversible.
The experiment can be adapted in a
simplified manner to everyday life: We
touch a thick rubber band with the upper
lip and then it is stretched quickly and
pressed again against the upper lip. The
band feels warm. When the stretched band is allowed to
contract to its original length and then quickly pressed
against the upper lip there is a noticeable cooling.
Experiment 3.10: Entropy generating
process
Bending an iron rod back (after previous
bending) costs again energy and therefore, the temperature rises in steps. This
process is irreversible. Although the iron
rod returns to its original position, it is
now warmer.

Entropy Conduction
Gases and foam materials strongly hinder the
flow of entropy. This property is, for example,
used in picnic coolers to keep food and
beverages cold.
Metals, however, are good entropy conductors with an
entropy conductivity that is about 1000 times higher than
that of gases and foam materials. But there are also
differences between the values of entropy conductivity of
various metals.

In a thermal power plant, for
example, simplified the energy Wt (=
Wuse) is used which is gained during
the transfer of entropy from the
steam boiler to the cooling tower.
The entropy itself is generated in the
boiler by consumption of energy W1.
An example for the use of a very simple heat engine
without moving parts is the pop-pop steam boat.
Experiment: Pop-pop steam boat
The boiler of the boat is filled with water.
Subsequently, the candle in the holder is
lighted and placed underneath the boiler.
After a short while, the boat begins to
move with the typical “popping noise.”

Experiment 20.5: Entropy conduction in
solid substances
A cross made of a copper, a brass and a
steel rod with wax spheres attached to
their ends is heated in the middle. The
wax spheres fall off one after another:
first copper, then brass and finally steel.
The sequence of the falling spheres reflects the different
entropy conductivity of the metals.
In a simplified version of the experiment
pieces of chocolate are skewered with
thin rods made of different metals. The
rods are then taped to the inside edge of a
cup. Subsequently, the cup is filled with
hot water. After a while, the pieces of chocolate slide
down in direction of the water one after another.

