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THE EHRENFEST MACHINE AND TEACHING“QP THE SECCND LAW
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We have on the pragramma of this IV Danube qemingr .
centributions conc=rn_rg global concepts of suHool physics.
education and we nave other ores deallns with more or lesgs
special areas whick is the case of my short talk.

Ir. one point,-I suess, your experience from dlscussions
on physics educaﬁian 1n your countrles dces rot differ from
mine in Czechoslovakia:

Any generdal idea on the didacticq; system of schocl
paysics and any suggestlon concerning a gpecial topic, no
matter how good and Justified and how attractiva they appear,
are for the school graxis of nowadays ‘or of the near futurae.
only as much useful as their realizatlon is ripe also
didactically. :

In tke above sense I would ‘like to present'a simple aid .
helping in understanding the concepts needed fQ ,the teaching
of the second law of thermodyramics. ek ' P

The role of the- Second Law is csrtalnly higbly agprec;gtai

not only for the pure physics -education, but also fo*‘the B
interface Physics-Blology .and Ph351¢s-Sociology. gowever, we

know how dlfficult and time-consumins it:is to build up 9‘3'::j

the concept of entropy in a phys*cally fulT and corracg way. .
for the freshmen at the university. Thereforo. it mighx S“Gm
to be little hope for succesaful teaching of the~top;c 1n the -
school. Not with’ standing, I would like ‘to draw your attention.

to a possibly: practicable approach when we went to ‘prepare the -

way for understandizg coficepts 1like raversibility, fluctu=-



aticns, discrdering, mecrostate, =nd microstate.

First I
Tatisra EZnrenfest in tzheir peper con she Boltz
/Ehraniest P, Ehrenfest T.: {ber zwei v Einwénde gegen
das 3cltzmannsche H-Theci2m. Phys.Z.5 /1SC7/, 311-314/. Then
I will give & modificatica of the procedure tatle Ior use

e sui
in tae school.
Paul and Tatiane Elrenfest consider an example of the
probablility calculus:
"... Let us have Ii numbered ballsz, z.g. 120, divided
between two boxes. The box A contains P_ /e.g. 90/, the box
B consaquently Qo = /N-?ol balls. However, it is not xmown,
which individual balls are lying in each box. Besides, there
is a beg with N lottery-tickets numbered 1 to N. Every time
unit e ticket is teken cut and put back. Any time when a
number is drawn, the ball with this number is jumping out of
the box in which it is just lying into the other one where
it rests till its number is drewn incidentally egain.
It is at any time more probable that the actually called
ball will be found in the fuller than in the emptier box. Thus,
so far the box A is still much fuller than the box B, the box
A will as a rule become emptier in favour of the box B and will
get only exceptionally & ball from the box B... ."
The deseribed Ehrenfest machine makes it possible to
elucidate such features of the system which may be character-
ized by the actual distribution of the bells between the two
vozes i and B in dependence on the time. Thus we can elucidate:
/1/ The tendency of the system to develop to a prominent
state i.e. to the equipertition distribution of the 'balls
between the two boxes.

/2/ The reversibility and the irreversibility on the macro-
scale. 2 .

/3/ Fluctuations.

A slignht modification mekes ithe Ehrenfest machine
didéculcalTy both more te’l_ng in the above .applications =2nd
s%ill broader appliceable:
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/4/ The likelihood character of
actually present in the box
/5/ Moreover, it is easy to get
of the disordering process?s.
/6/ Another epplication is in meking the first preparative
steps towards understanding

uted between two fields A, B. Both the fields are divided in
the same manner to N areas numbered 1 to N. The example with

and microstate.

All this is practicable in
N objects numbered 1 to N,

the group of the balls
can be demonstrated directly.

insight into the spontaneity

the concepts of macrostate

this wey:

e.g.

4C tickets, are distris-

¥=40 is given in Fig.l /all objects in the field A/. Besides,
we have a tag with N lottery-tickets numbered 1 to N. A ticket
is taken out of the bag and its number determines the objects

to be put from the field A /B/ into the field B /4/.
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So far the field A is much fuller then the field B, the

7ig.l. All objects in the field A. The
field B is empty.

field A will become gradually emptier till the field A and

the field B contain approximetely the same number of objects.

The number of obtjects in the field corresponds to the

~acrostate of the system. The same macrostate may be realized

oy many microstates - in our case by configurations of the

given number of tickets in the field /Fig.2/.
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Fig.2. One macrostate /n=3/ realized by two
different microstates /configurations/.

In the course of the lottery-ticket drawing and the
corresponding transfer procedure one observes very clearly
the spontaneity of the disordering of the system on the one
side and the tendency to attain the prominent equilibrium
state of the system on the other side.

Needless to say that many details of the procedure are
worthy to be discussed in the class.

There is no doubt thaet teacning of the Second Law is one
of the more difficult tasks in physics education. We are
certainly very reserved in hopes to be successful with it in
the school generally. However, in special schools or with
groups of physically talented pupils the presented suggestions
could be of interest. ’



