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Abstract. The development of scientific knowledge is Zusammenfassung.Die Entwicklung der Inhalte des
compared with the evolution of biological systems. Just as wissenschaftlichen Lehrgabdes wird mit der Evolution
every biological system inevitably contains fossils our biologischer Systeme verglichen. Genauso, wie jedes

physics syllabus contains obsolete concepts and methods. Itbiologische System zwangalfig Fossilien entit, so entilt

is argued that the potential for simplifying the teaching of  auch der Physikkanon veraltete Begriffe und Methoden. Wir

science by eliminating this historical burden is high. Several sind der Meinung, daf die Eliminierung solcher historischer

examples of obsolete concepts in physics are given. Altlasten ein sehr groRes Potentidél fdie Vereinfachung der
Lehre der Naturwissenschaft darstellt. Es werden einige
Besipiele fir veraltete Konzepte vorgestellt.

1. Introduction 2. The evolution of scientific knowledge

The amount of scientific knowledge increases rapidlyjn a certain sense, the growth of scientific knowledge
whereas the time we spend teaching science remains similar to the evolution of biological systems. Every
essentially constant. Thus, in order to give a newperson who is teaching science acquired his scientific
generation of students an overview of what is considerelinowledge before. Thus, facts are first received and
the essence of contemporary science, knowledge has i@fer transmitted. This transmission, however, does not
be processed in some way. This problem is mosﬂ)proceed without changes because research brings new
solved by specialization: the students learn the nucleu§sults and the person teaching will try to take these
of a science, physics for instance, in a more generd@Sults into account. Such changes can be compared to
and, inevitably, more superficial way and deepen theiffutations in genetics. _

understanding only in a special subbranch of physics. (lz(enerally, the chalmgehs and |mp_r(|)_vemenﬁs a teacr:]er
Apart from specialization there is another way of coping™2Kes ~concem only their speciality, whereas the
with the increasing amount of knowledge. In this articlegeneral structure of science will be transmitted without

we will argue that our scientific knowledge bearsagrea?lte.rat'ons' Thus, the .ba3|c knowledge is not
. L subject to the same selective pressure as more recent
potential for simplification.

In section 2, we will compare the growth process Ofdevelopments. Accordingly, the new knowledge is

. . . . > ~'essentially attached to the old one without questioning
the physical knowledge with the evolution of biological the old nucleus. In the theory of evolution this

systems. A consequence of this evolution is that th%henomenon is known as prolongation. A greater
system appears to be very conservative and has frozefissirycturing will be more and more difficult, whereas
in detours. It has preserved features which can bge griving force for such changes becomes weaker and
compared with biological fossils. In section 3, severakyeaker. In other words, the more complex a system is
examples of such historical burdens will be discussetdhe more conservative it will be.
Section 4 contains conclusions and a proposition. For this reason, the scientific knowledge reflects quite
When presenting the ideas which are the subject cfccurately its historical development. This statement
this paper to collegues or to students we often find aeminds us of a rule which every student of biology has
wide spectrum of opinions: from enthusiastic approvalo learn: E Haeckel's biogenetic law according to which
to vehement repudiation. We therefore should like tdontogeny recapitulates phylogeny’.
stress that we consider this paper as open to debate.  As a result, detours in the development of scientific
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knowledge may be preserved. Constructions which, in and its currents could not yet be localized. The words
larger context, reveal to be superfluous or inappropriatenergy flow or energy current say much more about
may be maintained. An old transient state may survivéghe meaning of the quantity and are in agreement
as a living fossil as geneticists like to call such awith the use of similarly structured quantities like
phenomenon. Even apparent errors may survive. Beglectric current or mass flow. There are themes
considering the actual physics syllabus very much camwhich have become obsolete because of the progress in
be learned about the history of physics. Indeed, one caexperimental technique. For example, we still introduce
even pursue a kind of archaeology in this manner.  ferromagnetic materials as we did 50 years ago when
As a consequence, every student has to reprodudhe best hard-magnetic materials available changed their
the historical developments. The individual student’'smagnetization by the slightest magnetic field. Another
process of learning proceeds, often up to the detaildype of historical burden is that in different fields of
according to the same pattern as the development gfhysics which developed independently very different
science as a whole. descriptions have come into being. Although the same
By citing the analogy between the evolution of quantities could have been used, the same models
science and that of biological systems, we want taapplied, the same intuitive ideas employed, all these
show that the development of science toward more andoncepts are different and the student has to learn two or
more inflexibility is an inevitable and normal processthree conceptual structures instead of one. An example
and it is not a daring accusation to say that science is nuclear physics and chemistry. What in nuclear
unnecessarily complicated and cumbersome. When wghysics is called the half-life the chemist will describe
claim that science, as a whole, is in a bad state we dwith the reaction velocity. What a chain reaction is for
not mean that scientists have been incompetent. Thoske nuclear physicist is called an autocatalytic reaction
who worked for the advancement of science usually didn chemistry.
the right thing in their time. Just as a biological fossil In order to find fossils a certain attitude is necessary
in a remote time accomplished an important functionwhich might be considered a lack of respect. Indeed, it
many components of science, which nowadays majs a kind of disrespect in view of convictions which
be considered to be superfluous or inappropriate, haveave developed by mere habit and indolence. It is
played an indispensable part in the past. no disrespect, however, for the achievements of the
The following objections regarding the elimination scientists who developed a new concept in the first place.
of historical detours might be put forward. The actual
teaching of physics essentially follows the path history
has taken. But isn't the historical way the most natural3, Examples
and the most efficient way to learn science? From the

point of view of cognitive psychology, isn't the path \we have found that often when we point to a subject
which the scientific community followed in the first \yhich we have judged to be an example of a scientific
place when making discoveries the easiest method tyssjl we have provoked a reaction of defense. In
learn for an individual? Our answer is clearly no. Thefact, questioning something to which one is accustomed
examples in section 3 tell us that very simple facts werging which one believes has proved to be correct is
often discovered only after going through complicatednpleasant. We can be convincing only by discussing a
intermediate states. Only at the end did one notice thafypject in all its details. This, of course, is not possible
there was a shorter and easier way. Another possiblg the framework of one single article. In the following,
objection might be the following: isn't the history of \ye will therefore choose from our list of obsolete
science an important subject in itself? Yes, of course itoncepts only those subjects which we have already had
is. But what we are commonly doing is not teaching thepyplished in recent years in the European Journal of
history of science. Teaching history means to analysenysics or in the American Journal of Physics. The
history and to reason about it, but not simply to retracg|jowing is, thus, nothing more than a review and
the historical path. _ resuné of other articles, where the respective subjects
For several years, we have been searching systemafe giscussed in more detail.
ically for subjects in the physics syllabus which might  The following presentations of seven examples will
be considered historical burdens, i.e. superfluous or ing|| pe structured in the same manner. First, we will
appropriately presented subjects. We now have a list Qhtroducethe subject Then we will describe what we
such concepts which is long and continuously increasingelieve is the inappropriateness or obsoleteness in the
(Herrmann and Job 1994). subject: the flaw Finally, we will briefly explain how

We noticed that_ it is possible to classify scientific yhe subject came into being, i.e. what was the positive
fossils. Some subjects have become obsolete becaugfle it had played in the pasthe origin.

the basic concepts of science have been changed. One
example is that we still begin the teaching of mechanic
with the Newtonian action-at-a-distance ideas. Som
of the outdated concepts we have spotted refer onlfhe subject The teaching of mechanics begins with
to a single word. The word ‘power’ for the quantity Newtonian mechanics and, thus, with the Newtonian
P is an example. It stems from a time when energyiew of the world. One essential feature of this view is

Z%.l. Actions at a distance
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the existence of actions at a distance. A manifestatiothe form of heat. What part of the energy of a spring or
of actions at a distance in our teaching is for instancan oxygen molecule is mechanical, thermal, chemical,
to say that a body A exerts a force on body B withoutelectrical, magnetic, kinetic, potential, ordered or
mentioning the role which is played by the system whichdisordered? Classifying energy in forms is simply
is mediating the interaction. unnecessary and in those cases where it really has a
clear meaning more appropriate ways to distinguish the

The flaw Slqce the great success of the first field .theory'systems or processes under consideration are available
i.e. Maxwell's theory, we are convinced that actions atgfalk et al 1983)

a distance are not an appropriate model of mechanic
interactions (Herrmann and Schmid 1985a). The origin When the concept of energy was introduced
f into physics in the middle of the 19th century speaking
f energy forms was unavoidable. The new quantity
ad the strange property of having no property at all:
indeed, no property was known which would allow
for a recognition of the energy content independent
of the particular system. No general method was
The subject Newton’s three laws. known to measure the energy content of a system. The
construction of the new quantity energy was thus a great
of modern physics, no more than the expression o chieveme_nt and_ it was natural to_speak about the energy
the conservation c;f momentum.  The first and the®S & quantity which appears in different forms. Certain
; : . devices or machines were consequently called energy
third are statements of momentum conservation for tw

special situations. This becomes particularly clear whe ;z?ggo;r:lerﬁaﬁraicér;\tlsrrter?ﬁ 19F(|)gw\/ev\i/t$1r{h<tehIsubslliizugi[(l)onn
expressed in the momentum current picture. Indeed y y: ! P

when considering that a force is no more than anothe‘?f the special theory of relativity, it became clear that

word for a momentum current Newton's laws read asc'9Y IS not so mysterious as It seemed_ to be. Since
follows energy and mass are no more than two different names

(1) The momentum of a body remains constant a;or the same guantity, energy has the same properties
long as no momentum current is flowing to or from it. as mass. weight and inertia. It can thl.JS .always be
(2) The rate of changepd of the momentum of a recognized and measured, at least in principle, in the
body is equal to the momentum currefitflowing into Same manner.
the body:
dp/dt = F. 3.4. Different structures in different fields of physics

The origin  Although Newton disliked the idea o
an action at a distance the time was not yet ripe fo
constructing a local field theory.

3.2. Newton’s laws

The flaw All of the three laws are, from the viewpoint

The subject Mechanics, electricity, thermodynamics
n ies A and B. th rr nterin and chemistry are four parts of science which h_ave to
between two bodies A and B, the currefii entering be learnt separately. Each of these fields has its own

body A is equal to the currenfiz leaving body B. ; .
Expressing momentum conservation in such tructure and its own mathematlcal methods. Each uses
its own models and paradigms.

complicated way is more obscuring than elucidating.
Nobody would have the idea of stating the conservationrhe flaw  The four fields could be presented in

of the electric charge in a similar manner (Herrmanng,cp, 4 way that a great similarity between them
1979, di Sessa 1980, Herrmann and Schmid 1984,.:0mes apparent. When in each of them a

Herrmann and Schmid 1985b, Heiduekal 1987). characteristic extensive quantity and a conjugated

independent because they were part of a complicate®f the mathematical structures becomes obvious. The
network of definitions and observations. Of course€xtensive quantities are momentum for mechanics,

Newton did not put the conservation of momentum atléctric charge for electrodynamics, entropy for
the beginning of his arguments. thermodynamics and amount of substance for chemistry.

The conjugated intensive quantities are velocity, electric
potential, absolute temperature and chemical potential,
. . . __ respectively. One manifestation of the analogy is
The subject Energy appears in various forms: kinetic that in each of the four fields of science a particular
and potential energy, electrical and chemical energyenergy transport exists, and for each of these energy
heat, work and many others. currents a similar expression holds: the energy flow
The flaw Although we currently speak about energyis p_roportional to the flow of the characteristic extensive
forms we often enter into trouble when we have to defin¢/ariable. Thus we have

them. Often we are not consequent in distinguishing the P—=uv.F

classification methods for stored energy and for flowing

energy. Many physicists are unable to explain why itfor an energy transport through a mechanical drive belt
is physically incorrect to claim that energy is stored infor instance (here is the velocity andF the force or

(3) Whenever a momentum current is flowing

3.3. Energy forms
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momentum flow). The energy flow by means of anthat it ‘... attaches to every point in a systemaogal
electric cable can be calculated by property ..’ (Purcell 1965). But we would promote a

P_U-1 clearer view of a field by speaking about it as we are

- used to doing when referring to a gas for instance: a

(with the electric potential differencEé and the electric  kind of ‘stuff’ with certain properties. It would neither
current/), an energy current by a thermal conductor isbe incorrect to introduce a gas by saying that it attaches
related to the entropy curred through the conductor to every point in a system a local property, but nobody
and the absolute temperatureby would do so.

P=T:I The origin For Faraday, the inventor of the field
ncept, the whole space was filled with a medium,
lled ether in this time. A field was no more than
% particular state of the ether (a state of mechanical
stress). This was a very simple idea. With the theory of
relativity the ether was eliminated from the majority of
P=Au-I,. physics textbooks (but not from all). The field remained
as a very strange concept: a state of empty space, i.e.
f something which does not exist. Shortly after its

and the energy current carried by a substance curreﬁ\?l
(entering a combustion cell for instance) is related to th
molar current/, and the chemical potential difference
Au of the reaction in the cell according to

Another example of how the analogy works is the

description of dissipative processes. In a mechanicgly ision from the textbooks the ether was admitted
dissipative process, i.e. a process with mechanic gain, however, under the new name of vacuum. Now,
friction, momentum is always transferred from the bodyie field concept could have taken back its original
of the higher to the body of the lower velocity. Electric simplicity. It fossilized, however, into the awkward

chargg flows in a resistor from high to low e[ectric state of being a property of an object which does not
potential. Entropy flows spontaneously from high toqyist

low temperature and a chemical reaction runs from high
to low chemical potential.

These are only two of many other examples whic
show that teaching and learning can be simplifiedThe subject When introducing the magnetism of
by taking advantage of this analogy (Schmid 1984 materials one generally begins with the small para- and
Herrmann 1995). diamagnetic effects and then discusses ferromagnetism

- . . via the hysteresis curve.
The origin  Different parts of physics have been
developed independently. The structural similaritiesThe flaw Not only students, but also teachers are more

became apparent only at the end of the last century. ignorant about magnetostatics than about electrostatics,
although the magnetic forces we experience in our
. — : e everyday life are much stronger than electrostatic forces.
3.5. Fields as ‘regions of space with properties One of the reasons seems to be that we introduce
The subject Fields are introduced as regions of ferromagnetism via the hysteresis effect. The student
space with particular properties. Sometimes, fields argets the impression that the behaviour of magnets is
considered as mathematical constructions which allovéssentially determined by the hysteresis. For many
for the calculation of forces on a body, where that fieldmodernhard-magnetianaterials, and in particular those
strength has to be used which was valid before the bodyhich are used to manufacture the majority of magnets
was there. around us, hysteresis plays only a minor role. For
these magnets we have a constant magnetizatibe-
onstant, which is imparted to the magnet in the process
f fabrication. Modernsoft-magneticmaterials on the

h3.6. Magnetic materials

The flaw In the traditional way of teaching the concept
of field appears as a difficult concept. The student learn

that space which is free of matter is empty, a kind o contrary can be described by the conditiéh — O.

container without anything in it, or full of "nothing’. Of course, one can place a hard-magnetic material in

Then fields are introduced as regions of space Witl]; oo nal field which is so strong that the ‘engraved’
certain properties. The cognitive conflict is unavoidable

How can ‘nothing’ have anv properties? ‘magnetization will change and one can place a soft-
. 9 any prop ’ ) magnetic material in an external field which is so strong
According to the point of view of modern field

. o that saturation begins to manifest. However, in a first
theory, the space filled by a field is not fundamenta”y'ntroduction to ferromagnetism one should disregard

g'f;?éﬂt ifgrog;] ; rg?:(t:: rlelézd Sy mittziér‘wlgs: da?/:rii:ateesrlal ese effects in the same way as we disregard deviations
Y Y f a resistor from Ohm's law or deviations of an elastic

phyS|_cs (energy, momentum, elet_:trlc charge, entropy, pring from Hooke’s law (Herrmann 1991).
velocity, pressure, electric potential, temperature, etc?

and the relationship between them, in a field all thes@he origin Only 50 years ago ferromagnetism could
standard variables have certain values and are related ot be reasonably discussed without referring to the
a certain way (Herrmann 1989). Thus, it is justified tohysteresis. The materials one was able to produce were
introduce the field as a concept which is as concrete atill far from what one might call an ideal hard-magnetic
a material system. It is not incorrect to say about a fieldand an ideal soft-magnetic material. It was easy to
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change the magnetization of a permanent magnet b¥. Conclusion

means of an external field. An unsuitable geometry

of a magnet even caused a demagnetization of thé/e have tried to show that a great part of what we
magnet by its own field. The complicated behaviourconsider to be the essential and indispensable contents
of these imperfect materials could be understood onlyf the physics syllabus have come to be part of it only

by considering the hysteresis curve. by historical coincidence.
We expect that some readers will argue that one or
3.7. The state variable entropy more of the examples of obsolete concepts that we have

given do not merit this judgement. However, the main
Eurpose of our paper is not to convince the reader that
. ; A very example given above is a fossil. Rather we wanted
starts with the dlf_ferentlal forrr_SQ, caI_Ied heat, and to sryow tha?an%iquated concepts exist and that they are
defines a new variablg by forming the integral among those subjects which we are used to considering
do as fundamental. We should also like to encourage the
§= /rEVT' readers to look for such concepts on their own and to
stimulate discussion in order to get a new consensus.
Such a discussion can be very gratifying. It leads to
The flaw The properties of the physical quantity insight into how much of our teaching is based not so
entropy coincide so perfectly with what in everyday much on the structure of our discipline, but simply on
language is called heat that entropy could be one ofonvention.
those quantities to which an intuitive access is most
easy. Indeed, the correspondence between entropy and
the everyday heat is better than the correspondendReferences
between what in physics is called heat and the everyday
heat in one fundamental point: it is not allowed tocallenda H L 1911 The caloric theory of heat and Carnot's
say that a hot body contains heat when using the PrincipleProc. Phys. Soc. Londa?3 153-89
word heat in the sense of the quanti®y whereas it di Sesa A A 1980 Momentum flow as an alternative
is correct to say it when using the word heat in the perspective in elementary mechanfs. J. Phys48 365-9
sense of entropy. Unfortunately, the students Iearr'fak']'_‘? 198f5tr']5””0der ar‘?sé”ecsioghm Cslfc;isc_lg look at the
entropy in such an esoteric wrapping and with so many_"'Story of thermodynamiceur. J. Fhys! -
metaphysical connotations that he or she gets the idégtk & Herrmann F and SchtG B 1983 Energy forms or
that entropy is one of the most difficult quantities of the energy carriersAm. J. Physs11074-7
. . . ~Fuchks H U 1986 A surrealistic tale of electricih®m. J. Phys.
whole of physics. If entropy would be introduced in 54 907_9
the same manner as any of the more familiar extensive _ 1987 Entropy in the teaching of introductory
quantities, electric charge for instance, it would be clear thermodynamic#m. J. Phys55 215-19
right from the beginning that entropy is an extensiveHeiduck G, Herrmann F and SchdnG B 1987 Momentum
guantity, that it is reasonable to make a statement about flow in the gravitational fieldEur. J. Phys8 41-3
its conservation or non-conservation (in fact, entropyHerrmann F 197%echanik—AbriBeiner Neudarstellung
can be produced but not destroyed), that an entropy Konzepte eines zeitgafdéén Physikunterrichtgol 3
density and an entropy flow can be defined and, of (Hangneos;’e“ He"ga””.scmzede') pp 80-7 h
course, that it is a state variable. By the way, almosqa(lzhing i?:gg‘émggi'e%:;m‘sjr.e;ﬁyfsge?%?a_pﬂoac to
all phys_lca[ quantities are s_tate variables and we almost_~ 1991 Teaching the magnetostatic field: problems to
never find it worth mentioning. Never do we learn that  56ig Am. J. Phys59 447-52
electric charge or momentum are state variables, simply__ 1992 Teaching thermodynamics: entropy from the
because these magnitudes are introduced in such a waybeginningProc. Taormina Conf. on Thermodynamics
that the fact is clear from the beginning (Callendar 1911, (Messina: accademia Peloritana dei Pericolanti) pp 341-84
Job 1972, Falk 1985, Fuchs 1986, 1987, Herrmana— 1995 Der Karlsruher Physikkurs (Karlsruhe:
1992). Universittsdruckerei)
Herrmann F and Job G994 Physik in der Schul@2 322—3
The origin  From the time in which an extensive Herrmann F and SchmiG B 1984 Statics in the momentum
quantity with the name ‘heat’ was introduced into current pictureAm. J. Phys52 146-52
physics by Joseph Black it was clear that heat was a state— 1985a Momentum flow in the electromagnetic fiélch.
variable. Carnot used it in the same sense (the FrenchJ. Phys.53 415-20 _ _
wording was chaleur and calorique). Unfortunately,—— 1985b Analogy between mechanics and electriEity.
the word heat was taken away from this state variabl J. Phys6 16-21 " . .
in the middle of the last century when energy came ob G 1972Neudarstellung der \&fielehre—die Entropie als

into being. When the missing thermodynamic extensive y;&ig:s;ggﬁa?g] Main: Akademische

state variable was introduced again some years later By, rcel E M 1965 Berkeley Physics Course: Electricity and
Clausius the word heat could not be used anymore as amagnetism(New York: McGraw-Hill) p 17

name: the name was already appointed to the proceSshmi G B 1984 An up-to-date approach to physkas. J.
variable Q. Phys.52 794-9

The subject When introducing entropy in the context
of the so-called phenomenological thermodynamics on

It is generally insisted thaf is a state variable.





