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14. Let us remember here that Zahar says that ‘various componcnls of a unified system
are so closely knit together that a considcrable departure of any one of them from
the truth would have repercussions throughout the system’ (1994a, 1).

15. For details aboul the correspondence beiween the quantum chaos and classical
chaos see: Belot and IEarman, forthcoming.

16. Sce Leggett 1980, 1984 and 198S.

17. Leggetl claims that the situation in SQUIDs is a place where the quantum
formalism is applied on a macroscopic level. He claims that in the case of
macroscopic quantum tunnclling the experimental set-up can provide a way of
testing quantum interference without being alfected by the correspondence limit.
He goes on to saying that the only way to do so is by looking into SQUIDs
where he claims that the quantum mechanical eflcct can be detected. As [ will
show bclow this claim is questionable. Moreaver, the new experiments in
SQUIDs show that the supcrposition of the two currents manifests itself as a
classical current outside the ring and we detect only one of the two currents at
any lime inside the ring.

18. As Anderson cmphasiscs, the phase difference in this casc has become a
classical variable, and in any [uture experiment is interpreted as a classical one
(Anderson 1987).

19. As we can see here Leggelt’s criterion for when we might be able to delect a
macroscopic quantum effect would be questionable. This is because in the case of
magnetic {lux the equation of total tlux would have a similar form, as that of the total
current and the same analogy with the classical pendulum will be valid. Hence, the
more complex representation of the weak link that is presented by the Legget
programme would not have the same weight that Leggelt lried to attribute (0. The
quasi-classical representation would have the same form as that of the classical
formalism. Thus why would we accept Leggett's suggestion that such a system is a

quantum one on a macroscopic level that does not have a classical treatment?
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N

otes

. Sce for instant his 1981 and 1984.

2. Sec for instant his 1980 and 1985.
3. Sec also Stathis Psillos 1994, 1995a, 1995b, 1996 for another way ol vertical

division.

. Mclaphysical rcalism claims that there is one structure of the universe of which

our mind is a part, so that the mind, while tying to reveal this structure, will be

governed by the same laws which it wants to reveal.

. Methodological rcalism adds a further assumption to metaphysical rcalism that

the structure of reality is an intclligible representation of that reality.

6. Sce Smith and Thomson 1982.

. It is more accurate to say that Maxwell’s theory rejected the idea of the light's aced
1l g

for an cther medium and assumed a totally diflerent theorctical lrame, that of saying

that the light waves are clectromagncelic waves that propagale through a ficld.

. Some times these laws are staled using the concepts of refraction and reflection

indexes. It will make no difference on calculations because these two indexes are
defined using the refraction, retlection and incidence angels, nevertheless |
prefer using the angles, becausce they are directly related to the phenomena.

For a morc detalled discussion sce my PhD thesis "Phenomenological Realism,

Superconductivity and Quantum Mechanics”, The London School of Economics, 1998.

10. It is important in this context to acknowledge that i certain cascs with the

1

12.

13.

development of the technical equipment and with the change of the theoretical
undcerstanding of certain observations the numerical value of the new torm would
not resemble the old value.

Many philosophical discussions had concentrated on the importance of a generalised
correspondence principle, (See for instant Radder 1991 and 1997, French (ed.) 1991),
I do not pursue the same line of argumentation. 1 will draw my conclusions out of the
correspondence principle as applied and understood in physics.

Oliver Darrigol claims that this kind of correspondence is not what Bohr had in
mind when he suggested the correspondence principle (Darrigol 1992 and 1995).
Of course this point can count also against the old correspondence principle of
Planck (the first in our list) becausce it is build on the assumption that the limit is
of Planck constant going (o zcro.
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remotely related. We are not corrcsponding, let us say, quantum mechanics
to classical mechanics, but in some cascs we are relating current with torque.
Now if they restricted the use of form correspondence to the related domains
of applicability, then thcy would stand a better chance in fitting their
corrcspondence with the cases in physics.

To conclude: Structural realism presented its version of the
correspondence principle having in mind the aim of presenting an
optimistic interprctation of scientific revolutions, that is to present a
heuristic device which can securc mathematical continuity between the
well supported structural forms of the old theorics in the new ones. Now
in the cases we have scen from the types of formal corrcspondence
applicd in physics, wc scc that there is a factor in each of them which is
similar to factors in the structural realist definition of correspondence.
Noncthelcss, in all of the kinds of correspondence employed in physics
we would find elements that would not support the kind of realism
advocated by structural realism.

Now what we have here is a correspondence principle which is built
precisely to match a certain type of understanding of realism. This sort of
correspondence might succeed in explaining certain types of structural
continuity in a way that would support the typc of realism advocated by
structural rcalism. But, as we saw, it would not match most of the types of
correspondence used in physics. Furthermore, if we wanted to restrict
ourselves to the cases where a structural realist correspondence might be
applicablc to accept the forms as representative of nature, we would find that
we have very few cases.

Scientific practicc might need different kinds of correspondence to
achievc new relations and to relate certain domains of applicability to other
domains. But is it a necessary claim for all kinds of recalism to account for
the developments in science? I do not think so. For I take theories as merely
tools to construct phenomenological models that are capable of representing
naturc. In that case whether these theorics correspond to each other in some
limit or not will be irrelevant. Correspondence of theories concerns realists
who think that fundamental theorics represent nature and approximate its
blueprint.
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current to be mapped into a current equation, and hencc the quantum
mechanical density current is substituted by a classical current. Second, in
the casc of corresponding the current equation with the torque cquation,
form correspondence docs not rclate a new theory with an old theory where
both theorics have the same domain of application (with perhaps an extended
domain of the new theory). Rather the correspondence is between the form
of a new thcory with a well-known form from an old thcory whose domain
has no relation with the phenomena under study. So in cffect the tform
correspondence depends decply on the idea of analogy between various parts
of physics. This analogy is related solely to the type of behaviour the system
under study might cxhibit in fact.

Let me clarify this point. As Zahar dcclares, the new theory N had to
cxplain the ecmpirical success of the old theory O. Now assume O is
successful in a domain D, and breaks down outside D. N is successtul in the
extended domain D + D*. N ought to resemble O when limiting a certain
paramcter in N to zcro. Here both N and O are related to the same domain D
and its extension D*. In the cascs of form correspondence I have just
discussed, the form F1 is a successful form in a model related to a domain
DI; the form F2 is related to thc phenomenon understudy in a different
domain D2. There is no interscction between D1 and D2; i.c. D2 is not an
cxtended domain of DI. For structural realism, although the terms in N
might be interpreted differently than their interpretation in O, N and O arc
still rclated to the same cmpirical successes. FI and F2, however, would
have totally diffcrent empirical successes. Hence, it would no longer be
considered as representing the underlying structure of nature. Thercefore, it
would not agree with the structural realist claims.

Form correspondence seecms a suitable candidate for the kind of
correspondence advocated by structural realism, sincc its main concern is
with the form regardless of the content. Structural realism might accept a
weaker version of the comrespondence principle, such as form
correspondence, since it still depends on the mathematical structure. But [ do
not think that they will accept that this kind of analogy can excmplity the
important kind of corrcspondence thal, in their view, supports rcalism. This
is bccausc the two parts of physics that thc same form operates in are
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where M is the moment of inertia, D is the viscous damping and t is
the applied torquc.

m ‘
+ m'

Fig ¥

Both these equations have the general mathematical form:

Y=Y(,sinx+B‘(’Tj+A“’n;,‘ (18)

Now, from this accumulation of form corrcspondences it was
possible to draw a quasi-classical picturc of a quantum system (Joscphson
junction). Also we could anticipate a ncw limit in Josephson junctions,
namely the critical curtent. The idea goes as follows. In the pendulum case
there is a critical value that the applied torque has, after which the pendulum
collapses. Similarly, in the Josephson junction case, if the current is higher
than the valuc of the critical current, the system will not exhibit any
tunnclling effect.

These two simple cxamples are among many similar treatments
wherc form correspondence is applied in superconductivity and in
SQUIDs."” Onc might say that such a treatinent is no more than a way to
treat a phenomenon with any tools that can give us an accuratc
phcnomenological modcl to rcpresent it, whether it is classical or
quantum,

Of course, this kind of correspondence is different from the concept
of correspondence cmployed in structural realism for sevcral reasons. First,
in the case of Josephson junctions, form correspondence allows a density
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Another form correspondence would be applicd at this stage. In a
classical circuit, as that of figurc 3, when an cxternal current (or external
magnetic flux) is applicd through the circuit, the total current ‘I’ is cqual to
the sum of the currents in the threc branches:

[=1sné+%+C4% (15)
wherc R is the resistance, C is the capacitance, and V is the voltage.
Now, as Josephson proved, the relation betwecn thc phasc
differcnce and the voltage is given by 4 =3V | i.c. the voltage V = L &
Then by asserting that the Josephson junction would behave as a classical
circuit (using the form correspondencc), then the total current would be:

l=1,_sin(5+2+;c%+%‘7’;% (16)
At this stage we have an cquation that relates the current with the
phasc differcnce only without any direct reference to the voltage.'™ The
analysis continues to usc another analogy that employs form
correspondencc. That is of comparing this form (16) with a form in
mechanics. This would help us to understand morc about the mcchanism of
the junction. Equation 2.16 is analogous to an ecquation of a pendulum in a
situation as that in figurc 4. The total torquc T on pendulum would be:

z’=rosin(9 +D“IT'I’+M% amn
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Insulator

1 2 weak

\ / link

\ g / SQUID ring

Superconductor ®)

(a)

Fg. 2

By assuming that ¥/, = nlygelo. and ¥, = n;;é"o’ , where n, and n,
arc the density of clectrons on the two sides of the junction, we can prove
that the flow of the currcnt probability density from 1 to 2 will dcpend only
on the phasc differcnce 6 =6, —6,:

J=J,sind =J,sin(6, -6, (14)

where J, is proportional to T. The important point I want to make here
has to do with form comrespondencce. Equation 2.14 can be accepted as
carresponding in form to a classical cquation, / =/ sind , which is how
current is treated in a classical circuit. Once we have done so, we no longer treat
the Josephson junction as a quantum device, but as a part of a classical circuit.
The Josephson junction (or altcmatively the SQUID ring) can now be presented
as a circuit with an equivalent classical clectrical circuit (figure 3).
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where kj; is Boltzmann’s constant and o, is the classical frequency
of the system. If (A) is not satisfied the thermal disorder would blur the
quantum mcchanical cftect. Such systems occur in superconductivity where
the supcrconductor is placed in a very low temperature. Then the magnetic
flux of a LC-circuit satisfics the Schrédinger cquation; i.c. the magnctic {lux
is quantized. But cven then it would be impossiblc to detect that the
magnetic flux satisfics the Schrodinger equation. The reason lies in the form
correspondence principle which guarantees that whenever the characteristic
‘scale’ Vg of the potential encrgy is large compared to the spacing of cnergy
levels, which in turn is approximately h times the characteristic frequency of
classical motion gy, then the predictions of quantum mechanics for
quantitics such as the mean position reduce to those of classical mechanics.
(Leggett 1986, 592)

So, in order to detect a macroscopic quantum behaviour we necd to
go beyond the correspondence limit'”. The key to the problem is to look at
how supcrconductivity treats the Joscphson junction.

A Josephson junction consists of two superconductors that arc
scparated by a thin film insulator, as in figurc 2a. (The weak link in a
SQUID ring (as in figurc 2b) can also be trcated as a Josephson junction
in a similar way.) Because the insulator is a thin {ilm, we can expect that
the superconducting current, which can be thought of as a fluid of pairs
of cicctrons, can tunnel through it. According to Feynman’s analysis of
the junction, if ¥, is thc amplitude of finding an clectron on one side, and
¥, the amplitude of finding it on the other, the two amplitudes would be
related as follows:

ih% =hTy,

ih2 = KTy,

(13)

where AT represents the effcet of the clectron-pair transfer
intcraction across the insulator. T is a measurc of how many electrons might
penctrate the insulator. If the insulator is thick, T will be cqual to zero.
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1) The correspondence is between a form in quantum
mechanics with a classical form which expresses an
ensemble of the nth harmonic frequency as a function of
average system cnergy,

2) In the case of quantum chaos the form correspondence
is not between an old theory and the new onc but between
both the old and the new with a third equation.

Structural realists might say that the third equation is part of a future
theory that will accommodate both quantum chaos and classical chaos as
limited cases. But such a claim is speculative and would not affect my type
of argumentation because I accept only what is accepted already in physics.

Having criticised the use of form correspondence by structural
realism, I need to stress that form corrcspondence can be a very useful
heuristic device in constructing new models. What I have in mind is cases
where the mathematical form of a certain phenomenon gets transformed into
a phenomenon of a different domain. [ will try to examine in some detail a
case in superconductivity and show how a form correspondence principle
applies to this case.

7. Superconductivity and the form correspondence

The main thrust of form correspondence, in thc case of
superconductivity, is the claim that it is possible to put a quantum formula
into classical equations if we can change the quantum formula in the limit
into a form where it looks similar to a classical form'®. I will here discuss the
key link between quantum and classical descriptions in superconductivity:
Josephson junctions, which are an important factor in building SQUIDs
(superconducting quantum interference devices).

First, a necessary requirement for a system in superconductivity to
count as a quantum mcchanical system on a macroscopic level is that the
temperature T should be low enough to satisfy the inequality

kyT((h [2)) (A),
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Let us look next at another interesting casc of form correspondence
which complics with the structural rcalism criteria (that the domain of the
new theory is an cxtended domain of the old onc), but which seems to be in
conflict with the structural realism understanding of the corrcspondence
principle. This casc is from corresponding quantum chaos to classical chaos.
The argument runs as follows. Classical chaos exists. If quantum mechanics
is 1o bc counted as a complete theory in describing nature, then it ought to
have a notion which corresponds to classical chaos. That notion can be
callcd quantum chaos. What theorctical physicists did al this stage was Lo
think about ways that resemble a chaotic bchaviour in quantum systems.
They came 10 accept that certain systems behave chaotically. Now, it turns
out that, according to our knowledge of classical chaos and of the new
guantum formalism of the so called quantum chaotic systems, a direct
correspondence between the notion of chaos in quantum mcchanics and that
of classical mechanics does not exist.

The way out was to accept a kind of form correspondence. How?
Becausc it was impossiblc to find a paramcter in the quantum chaotic system
such that when limiting it to zcro (or to infinity), the results resemblce the
form of classical chaos, the physicists tricd to find a first approximation type
of correspondence. They tricd to linit both systems 10 a third and mutual
form. The classical chaos gocs in a certain limit to the torm ¢, and quantum
chaos gocs also to the same form at the same limit:

Lim classical choas = ¢

H-rm

Lim quantum chouas = ¢

"n—een

Hence because both chaotic systems, the classical and the quantum,
tend to the samc form at the same limit then they correspond: a certain kind
of form correspondence is satisficd. This is a form correspondence between
both classical and quantum to a third form, but because we only have
classical and quantum thcories, the physicists involved argue, then the
correspondence is from one to the other'.

Taking thesc points into consideration, this kind of correspondence
docs not support the structural rcalism correspondence cither. Becausc:
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prove that the classical frequency and the quantum frequency have the same
form. So,

if U, denotes quantum frequency, U, classical frequency,
and E cnergy, then form correspondence is satisfied if
U-(E) has the same functional form as Uy(E) (Liboff
1984, p 52).

In the spccial case of the particles in a box, Liboff (1975) shows, by
using a dipole approximation, that the quantum transition between state s + n
and statc s wherc s >> n, gives the relation:

Up(E)~n(E, /2ma®)"?. (1n

He also noticed that if we treat the same system classically (particles
of energy E in a cubical box), the calculation of the radiated power in the n-
th vibrational mode is given by the expression:

LM (E)=n(E2ma*)"? (12)

Both frequencics have the same form, even if one is characterising
quantum frequency whilc the other the classical, and even if their
cxperimental treatment differs. Hence, the Form Correspondence Principle
is satisficd.

Despite the fact that this scems to be a strong case for structural
realism because of similar cquations, there arc dcep problems even here. An
important objcction that would affect the idea of correspondence as
represented by structural realism is that in the classical case E denotes the
averagc cnergy valuc of an ensemble of nth harmonic frequency, while in the
quantum casc it denotes the eigencnergy of that level. Also, in the quantum
case the cnergy is discrete, and the only way to assert that the quantum
frequency yields the classical onc is by saying that when the quantum
number is very big the number of points which coincide with the classical
frequency will increase, using the dipole approximation, which asserts that
the distance between the points in the quantum casc is assumcd small. Hence
thc quantum casc does not resemble the classical case as such but it
coincides with the average of an cnsemble of classical cases.
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it out of the structural rcalism account of correspondence. Structural recalism
asserts that thc role of thc correspondence principle is to show the
conncction between the new structure and the old structure of the two
successful theories in their domains of application. The fact that the two
limits, n = o and h — 0 turn out not to be universally equivalent means that
the new structure would not retain the old structure in both limits. Thercfore,
it fails to corrcspond (wo “real” structures to cach other. Hence, one of the
two highly successful structures is bound to be not even an approximatcly
true representation of nature. This would not be in agreement with what
structural rcalism wants of the corrcspondence principle. That is because: 1)
the new structure should yicld the old onc at the limit(s), and 2) the structurc
cxpresscs real relations between objects, therefore 3) if the two limits do not
give the same structure, then there exists more than one real relation between
the same objcctls = (contradiction).

So, if we want to think about frequency correcspondence from a
structural realism point-of-view, it runs into two sorts of problems. First the
acceptance of a constant to vanish, and sccond the disagreement betwecen
limiting the same structurc to the old one by using two different accepted
limits, i.c. n & o and h — 0 are not universally equivalent. Hencc it would
not support a rcalist interpretation of the structure as a representation of the
underlying blue print of naturc.

6:4 Form correspondence principle

The last type of correspondence is the Form Corrcspondence
Principle, which claims that we can obtain correspondence if the functional
(mathematical) form of the new theory is the same as the old theory. This
kind of correspondcence is cspecially fruitful in particular cases wherc other
kinds of corrcspondence do not apply. Let us take the cxample used in
frequency correspondence (quantum frequency). As we saw, in the case of
the particlc in a cubical box the outcome of n — o does not coincide with
the outcome of h — 0. Hence the two limits fail to achicve the same result.
In cases like this form correspondence might overcome the difficuitics
facing frcquency correspondence. The aim of form correspondence is to
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Structural realism would need to take that n &> o and h — 0 as
universally equivalent, which means that the rcsults obtained from limiting n
to infinity should be the same as the results obtained from limiting Planck’s
constant to zero'*. This is so because the limits are applied to the same
structure and this structure would need to resemble the same classical
structure in order to accept that this classical structure represents true
relations in nature.

But n > © and h — 0 are not universally equivalent, because at
least in the case of the quantum frequency (Liboff 1975 and 1984), the limit
n — o does not yield the classical one, while the limit h — 0 does. What
occurs here is that, in certain quantum systems, when we take the limit of a
system when h—0 and take the limit of the same system when n — «, we
will find that the two results are not universally equivalent. In some cases in
quantum mechanics, like a particle trapped in a cubical box, the frequency in
the high quantum number domain turns out to be displaced as:

v;”' = vfl' +h/2md

where m is the particle’s mass and d is the length of the box. Such a
spectrum docs not collapse toward the classical frequency in the limit of
large quantum numbers, while the spectrum of the particie does go over to
the classical continuum in the limith — 0.

In the case at hand, although the quantum frequency resembles the
classical frequency in the classical limits in most of the cases, it docs not in
some cases because the empirical set-up of the case would mean that a
correction term is needed to present the quantum frequency. This correction
term contains Planck’s constant, but is not related to the quantum number.
Hence in such cases the two limits will not yield the same result.

In general if we apply the limit h > 0 to the equation
v;”' =v, + h/2md , then the correction term h/2md would vanish and the
quantum frequency will yield the classical frequency. But if we apply the
limit n — oo then the correction term h/2md would not vanish. Hence, the
outcome structure of applying the two limits is not the samc structure.

The mere fact that the frequency correspondence fails to account for
some cases between quantum mechanics and classical mechanics would rule
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corrcspondence principlc)'z. This claims that the classical results should
emerge as a limiting casc of the quantum results in the limits n — oo (the
quantum number) and h — 0 (Planck’s constant). Then in the casc of
frequency the quantum value should be cqual to the classical value, c.g.
U,y = U, . In most cases in quantum mechanics we find that the quantum
fréqucncy would coalesce with the classical frequency in the limit
n—>wandh - 0.

This kind of comespondence might also gencralc problems  for
structural rcalism. Onc obvious problem relates to the assumption that Planck’s
constant goes 10 zero. What is the meuning of saying that *a constant goes to
zero™” A constant 15 a number which has the same valuc at all times and
having it as zero is contradictory, unless il 1s zero Zahar might repiy by saying
that in correspondence we ought to itake the real limiting value and noc the
abstract one. In the case of relativity the limit “¢ goes to infinity” is an abstract
onc and the rcal limit should be “v/c goes 0 zcro™. In tac casc of quantum
mechanics to classical mechanics onc might say that we ought to take the limit n
—» o0 as a better onc than h — 0. The point here is that valucs like ¢ and h are
constants and would not tend to go to zcro or to infinity, but n and v/c arc
vanables - n=(0, 1, 2, 3...) and v/¢ varics between O when v=0to 1 when v =
c. This point will not help structural realism because it needs both Limits to yield
the classical equations, as I will argue below.

Another objection might be that the value of h should be neglected
becausc cven if we considered it, it would not affect the outcome. It is
important to notice hcre that the choice of the limits is rclated to our
previous perception of the relation between the new and the old theory. In
the casc of quantum and classical it tends to say that in the large quantum
numbcer the quantum system can no longer be perceived as a quantum
systcm. The other limit is that of assuming Planck’s constant to go to zero
because at that limit when Planck’s constant would not affect the system
then the system is not quantum anymore. Nevertheless, this kind of
correspondence would continue to have a problem, bccause in some cases
the limit n — o, as we will see bclow, would not resemble classical
mechanics.
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Prob. Density
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| [ Q= quantum prob.
I | |

) 1{ ]

Figure 1

Structural realism argues that by the correspondence principle, the
new thcory ought to retain the structure of the old theory. But in the case of
the configuration correspondence principle, the new cquation docs not retain
the exact structure of the old. As it can be seen fromn equations 9 and 10 the
average valuc of P in the new theory coincides with the value of P in the old
theory, i.e. the structure of the old theory was not retained.

Hence, this kind oi correspondence will not serve the purposes of
structural realism. Let us remember that structural realism concentrates on
the mathematical forms rather than on the numerical values. In this case, the
average of the probability density in the limit of large quantum number
coincides with the classical probability. This coincidence is merely
numcrical. If the old and well-supportcd form is not preserved via
correspondence then this kind of correspondence is no good for structural
recalism. For that we would nced to show that the limit of quantum
probability density is the classical probability and not that the limit of the
average of quantumn probability coincides with the classical probability.

6:3 The frequency correspondence principle

The third typc of correspondence is that known in quantum
mechanics’ books as the Bohr Correspondence Principle (or Frequency
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The old correspondence principle secures continuity at the
conceptual level as well. Hence, it is not a paradigm case for structural
realism becausc structural realism maintains that such approximation
between the new and old theory at the conceptual level can generally only be
accepted “by stretching the admittedly vague and therefore elastic notion of
‘approximation’ beyond breaking point” (Worrall 1989, 107).

6:2 Configuration correspondence principle

This claims that thc quantum laws correspond to the classical laws
when the probability density of the quantum state coincides with the
classical probability density. Take, for example, a harmonic oscillator that
has a classical probability density:

P(X)= Y =, 9)

wherc x is the displacement. Now if we superimpose the plot of this
probability with that of the quantum probability density ¥, ’ of the
eigenstates of the system and take (quantum number) n — o, we will obtain
figure 1 below. As Richard Liboff, a leading expert in the ficld, notes

Clearly, the classical probability density P does not follow the quantum
2

probability density |l,l/,,| . Instead, we sec that it follows the local average in

the limit of large quantum numbers n:

v, ) dy (10)

R0 = )Py = v,

X+E
2 -1

2c
x-

v

the interval € decreases with increasing quantum number n
(Liboff 1984, 52).
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1906 that by taking the limit of Planck’s constant as it goes to zero, such a
conncction could be maintained. Bohr introduced another limit, that of the
quantum number bccoming very large to the extent that the quantum system
would not anymore bc counted as quantum and the classical picture would
cmierge. Nevertheless, in the current status of the quantum theory we would
find four kinds of formal corrcspondence between quantum and classical
mcchanics.

6:1 The old correspondence principle

Planck formulatcd the correspondence principle for the first time in
1906:

lim[Quantum physics)=[Classical physics)
h—0

He demonstrated that the radiation law for the encrgy density at
frcquency v

81 v’
u(v) = —p—— 7
e -1

corresponds in the limit # — o to the classical Rayliegh-Jeans law:

87 kTv’
u(v) = _CJ— (8)

where k is Boltzmann’s constant, T is thc temperaturc and ¢ is the
specd of light. This kind of correspondence entails that the new thcory
should rescmble the old one not just at thc mathematical level but also at the
vonceptual level as well. Lct us remember that this kind of correspondence
was important for Planck to assert thc rclation between his ‘radical’
assumption of discrete encrgy levels that are proportional to the frequency,
and the classical thcory. Hence, Planck insists that the terms in the new
cquation refer to the very same classical properties.
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4) Hence, the correspondence principle works on the meta-
level from the old theory to the new theory.

Such a position appears to accommodate the two main arguments in the
realism/anti-realism debate on its side. That is, by differentiating the structure of
the theory from its content, it succeeds in holding onto a realist position which
claims that the structure of the theory capture the structure of reality. But it also
accepts the argument from scientific revolutions by assuming that although the
structure survives scientific revolutions through the correspondence principle,
the content is neverthelcss reinterpreted. But can such a position be mapped onto
scientific practice?

First: the position, in a way, goes too far in putting the emphasis on
the mathematical structure. This does not leave any weight for the
interpretation of that mathematical structure. But theories need this
interprctation to providc any kind of relation to reality. Hence, the
mathematical structure is not sufficient to represent naturc. Strong cmphasis
on the mathematical structure leads to loose relations to nature. In addition
this is not what happens in physics. In most cases in physics the theoretical
forms give a story that gives an account of why the mathematical structure
ought to be accepted. This story is important in judging the acceptability of
any model! as a real representation of naturc.

Second, to securc structural continuity between the old and the new
theory, at least in a certain limit, structural realism relies on the correspondence
principle. The correspondence principle acts as a heunistic devise to make sure
that the well-confirmed structures are preserved. But, being totally formal, the
structural rcalists’ definition of the correspondence principle does not comply
with physics''. The aim of next section will be to further illustrate and support
this point.

6. Formal correspondence

Consider quantum mechanics and its correspondence to classical
mechanics. The lcading figures who introduced this notion of the relation
between the emerging new theory in physics and its counterpart in the
traditional perception of physics were Planck and Bohr. Planck stated in
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certain limit. So, we try to find N by assuming O with somc other
scientifically plausible premises (P), such that (O and P) AA N. Hence
Zahar’s final remark “thus we overthrew Newton's law of motion ... by a
proof involving the correspondence principlc applicd to that same law.”

Because structural realists think of structural continuity as a
continuity at the mathematical level, they need only to make sure that, in
thcory-change, thec mathematical equations of thc old and highly successful
thcory are preserved at least under limiting conditions. In their vicw, this
preservation of the mathematical structure secures the empirical success of
the old theory, since the mathematical structure represents nature. Hence, by
securing mathematical or structural continuity betwcen the old theory and
the new one, the empirical success of the new theory, at least in the old
domnain, is supposed to be guaranteed. This kind of correspondence is known
as formal correspondence. Other kinds of correspondence such as numerical
corrcspondence and conceptual correspondence do not interest structural
realism. This is simply because the conceptual continuity between the old
thcory and thc new onc is merely a bonus, and the numerical continuity is
preserved via the structural continuity, or this is at Icast what structural
realists might claim.'’

So, structural realism makes the following assumptions about the
correspondence principle:

1) The correspondence principlc is, as Zahar puts it:

Let @ = O denote a known law which is to be modified; the
correspondence principle could read as follows: ‘The new
law is of the form y = 0, where y is a function of a quantity
A such that w —» ¢ as A —» 0’ (A may be some known
parameter like v/c) (Zahar 1983a, 249)

2) The correspondence principle is a formal device to
secure structural continuity.

3) Structural continuity is required if the new structure is to
rctain the old successful and well-confirmed structure.
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c(E +-frx FI);... Planck chose a moving inertial framc in
which the clectron is instantancously at rest; he applied the
law /'~-ma'=0 to the immobile electron, thus obtaining
eE'-ma'=0.. hc finally applicd an inverse Lorentz
transformation which took him back to the stationary frame
and yiclded the equation

e(E+§xH)=j,,—’(7l-"-"—/;-) 4)

b
s

Since the left-hand side is the so-called Lorcentz-force,
Planck cquated the force with the dynamical vector

U v
@ - 5
o (J:",/"') (3)
Thus he overthrew Newton's law of motion
S =4%(mv) (6)

which had hitherto been regarded as the foundation stone of
the whole of physics, by a proof involving the
Correspondence Principle applied 10 that same law (my
italics, Zahar 1983a, 247-248).

Zahar thinks of the correspondence principle as a ‘rational
heuristics’ which guides scicntific discovery. This heuristic rulc can opcratc
in a dcductive way on the meta-level, given a rich enough set of other
assumptions. Zahar claims that such a rulc helps to present a reconstruction
of a presumed logical deduction of thc new theory out of the old. He
assumcs that Planck uscd cquation | in order to derive equation 2. This goes
as follows. On Zahar’s account, Planck required that the new thcory v
ought to retricve Ncwton’s law of motion at a certain limit. Then he was
ablc, using this heuristic rulc and using other premises like the
transformation rules, to derivc y logically. So, according to Zshar the
structure of Planck’s derivation is: if the old thcory is O, the correspondence
principlc will guide us to accept that any new thcory N ought to yield O at
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psrameters, by tending to zcro, restrict T to thc domain D
(Zahar 1983b, 163).

Zahar claims that by using thc corrcspondence principle the new
thcory’s mathcmatical form can be seen as derived from the old theory. He
acknowledges thc fact that the correspondence principlc was applicd in
physics long before Bohr introduced it in quantum mechanics. It is helpful
to quotc onc of Zahar's cxamples in full. He says:

As an important illustration of the correspondcnce principle
let us cxamine Planck’s modification of Newton’s second
law of motion. Planck used the equation:

.7'=:,’7(mv) (1)

in order to derive

.7=‘.£-( ) (2)

which is in gencral incompatible with classical dynamics.
Planck procecded as follows: taking stock of Einstcin’s
approach, he demanded that Newton’s sccond law

f-ma=f-4mv)=0 &)

be replaced by a Lorentz-covariant equation v = 0. Planck
knew that thc Lorcntz transformation tends to the (Galilegn
one when / — 0. He thus required that ¥ — (f—ma)
when _ 7/ —0. It follows by continuity that
¥o =(f—ma), wherc y, denotes the value of y for v = 0.
He had then to find a particular casc wherc both some force
and its transformation law arc known independently of the
motion caused by the force. Lorentz, Einstein and Poincarg
had already determined the transformation rules for the
clectromagnetic ficld and, and long before that, Lorentz had
found the forcc acting on an clectron to bc cqual to
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certain limit. And due to the importance of the mathematical structure, from
structural realism point-of-view, the type of correspondence necds to be
formal. So, how does structural realism state the Correspondence Principle?

5:1 Zahar and the correspondence principle as a meta-statement

Zahar asserts that until recently thcre was a sharp distinction in the
philosophy of sciencc between the ‘context of discovery’ and the ‘context of
justification’, where only the second lies in the domain of methodology, whosc
proper task is to cvaluate theories supposed to be laid on the table, i.c.
supposed to have already been constructed. (Zahar1983a, 243).

He argues that this distinction does not hold any more and it is
possible to speak about the context of discovery on a methodological level.
His idea is both to undcrline the continuity between science and common
sense knowledge and to remove some of the mystery surrounding the notion
of heuristics by showing that, at any rate in some programmes, they operate
purely deductively (at the metalevel) (Zahar 1983a, 245).

Accordingly, he wants to develop a general method of constructing
theories by examining the methods actually used in constructing them. In
doing so, Zahar is trying to answer two questions: “is there in physical
scicnce such a thing as rational heuristics, and if so, how does it operate?”
He replies by confirming that therc are “rational heuristics”, which include
“The Correspondence Principle”.

Zahar has a very restricted account of the correspondence principle:
he thinks that it works from the old theory to the new one. He says: “‘yet in
all that [ways of correspondence), we remain strictly within the boundaries
of deductive logic” (Zahar 1983a, 247). He interprets Poincarg's position on
the correspondence principle as saying

if an old hypothesis H turns out to have been systematically
‘convenient’ throughout some domain D, it is improbable
that this should be due to pure chance; it can be assumed
that H revcals true relations which ought to reappear
perhaps in a slightly modified form, within a new theory T.
In other words T must tend to H whencver certain
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telations and the story provide the bases in which a mathematical form is
suggested as a part of a representative model of the phenomena under study.
| think that there are two distinct types of theoretical forms in physics. The
main diffcrence between them is in the way they are built. One depends on a
top-down approach and the other on a bottom-up approach. Both types of
theoretical forms require some sort of a story to link the mathematical
equation with the properties of thc phenomena. The difference between these
two types of story is that onc depends entirely on clements drawn from the
set of experimental activities, while the other depends on the theoretical
coherency with the theoretical frame. In the high-level theoretical
representations the story would depend on other theoretical models that are,
mostly, questionable’. Structural realism suggests that in a new theory the
terms of the mathematical equation be reinterpreted. This means that the
underlying approach toward the theoretical forms is that of a top-down
approach.

3. Structural realism and the correspondence principle

We need one final ingredient to understand structural realism: the
use of the correspondcence principle. In certain cases, the new theory presents
a structurc which does not resemble the old, well-supported structurc. Take
Einstein's theory for example. It presents a “totally” new structure that
differs from Newton’s theory. In such cases, in order for structural realism to
claim that there is a justified mathematical connection between the
mathematical structure of the new theory and that of the old, it needs a type
of correspondence between the two theories. As Zahar says, the relation
bectween new theories and old ones is described by the Correspondence
Principle, along with secondary requirements like Lorentz-covariance,
derivability from a principle of least action or variation principle and the
possibility of a Hamiltonian formulation of the laws to be constructed (Zahar
1994a, 4). This position is essential for structural realists. Mathematics is a
deductive science, and, they argue, if there is to be a mathematical continuity
between the mature old and highly confirmed theory and a new one, then the
mathematical structure of the new theory should yield the ‘old’ one at a
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about the possiblc mathematical structures of our physical
laws, we may be able to devisc fruitful heuristic strategies
(Zahar 1994a, 28).

Such a belicf in thc mathematical structure as revealing the
inuceessible structure of the universe is justified by structural realism’s
account of scientific discovery. Zahar stresscs:

Our knowledge of the cxternal world is thus coextensive
with that of the syntax or of mathcmatical structure of
empirically successful theorics. L.c. the syntax of the unified
theories, which predict novel facts or cstablish unsuspected
conncctions b-tween disparate data, must be taken to reflect
the ontologicul order of things (imy ltalics. Zahar 1994a,
13).

Thus the mathematical structures, as the structural realist will claim,
arc the best structures wc have that can reflect the structurc of an ontological
order of things of an otherwise inaccessible universe. Thus structural realism
claims that a realistic interprctation of the mathematical equations can serve
the development of science.

Onc should not fail to note that cxperiments constrain the
intcrpretation of the mathematical equations, that it is thc phcnomena that
give the experimental data, and that the mathcmatical representation of these
expcrimental data is provided, most of the timec, after the data. So, the
rclations between thc clements and properties of thc phecnomena are
provided by experimentation. Therefore, what physicists’ face is not a case
of having a vague mathematical equation presented to them by God and all
they need is to interpret its symbols. What physicists’ face is a set of
rclations provided by what thcy can apply of their knowledge to tcst the
phenomenon.

Let me give an example. In deriving the laws of uniformly
accelcrated motion, we prepare a set of experiments to discover the rclations
between distance and time, acceleration and time, and so on. From thesc
experiments we obtain a large amount of experimental data that can provide
reasonable plots from which we can infer mathematical forms. The set of
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4. Mathematics and scientific discoveries

In this section I want to explore more aspects of structural realism’s
vicw on structure and its importance for scicntific discovery. For structural
rcalism the structure is the essential part of any scientific theory which
would be preserved through theory change. A realistic interpretation of the
mathematical terms would hclp, according to structural rcalism, in
presenting a coherent, and physically meaningful structure.

So, how could a realistic interpretation of the mathcmatical
cquations serve science from the point of view of structural realism? Zahar
answers this question in two ways.

First, by interpreting the mathematical terms rcalistically they can
become physically meaningful, hence testable, at least in principlc. The
theory remains syntactically unchanged, but its observational content, i.c. its
content with ‘observable’ reality, is extended (Zahar 1980, 8).

Sccond, it lcads to new discoveries. Zahar claims that a realistic
interpretation of the theory (mathematical cquations) would lcad to the
discovery of new relations between clements of nature, reclations not yet
known. Zahar states that if a hypothesis H in a previous theory necds to be
modified because it is in disagrecement with a well-confirmed set of laws, a
hypothesis H*(t) would bc suggested as a substitution of H. Now t can be
given an interpretation that subsumes it under a certain category obeying
certain laws. Suppose H*(t) violates these laws. Then H®*(t) should be
modificd yct again. A real breakthrough is achieved when H*(t) is modified
into H’ (t) which conforms to the laws in question (Zahar 1980, 8).

Zahar claims that the sct of procedures that is taken in modifying H
into H’ (t) would secm purely deductive (on a metalevel).

Zahar concludes from the claim about the role of interpreting the
mathematical equation realistically in new discoveries, a more general one,
which goes from the mathematical structure of a given physical theory to the
possible mathematical structures. He says:

The mathematical form of a successful theory models and
hence reveals the structure of a universe which remains
largely inaccessible to our senses. Thercfore, by speculating
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discontinuity of what these terms mean, as well as a
discontinuity at the structural Icvel.

Structural realism answers thesc objections mainly by two ‘steps’:

1) The history of scicnce shows that maturc scientific
theories with a high empirical support often havc a structure
that can survive scientific revolutions. So, yes, some of the
scicntific theories cannot be truc or cven approximately true
unless we want to stretch the meaning of approximately true
‘beyond the breaking point” (Worrall 1989, 107); but
mature theories often have mathematical structure which
can ‘mirror reality’. Everything elsc in the scientific theory
is likely to be false, and if somc of the content of a theory
survived through theory change, then that is a bonus.
Through theory change there is continuity on the structural
level and not necessarily on the content level.

2) In the case of structural change, the structurc of the new
scientific theory should yield that of the old theory at a
certain limit. The correspondence principle is the key device
that ensures scientific continuity and realism.

By using such an argument, structural rcalism sccures the no-
miracle argument by claiming that it is no miracle that scientific theories
work because the structurcs of these theories represent true relations in
nature, or at least approximately do so. Nevertheless, the argument from
scientific revolutions still holds, because sometimes, as structural realism
would argue, to say that a theory (with its structure and content) is (cven) an
approximately true theory cannot hold except by taking the concept of
approximately true beyond its breaking point.

So, according to structural realism, the argument from scientific
revolutions is right on one part of theories, but wrong on the other. This
argument is right if the content of a thcory is accepted to be as the
representative part of that theory. But it is not right if the realist takc only the
structure to be the representative part of the theory.
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reason to believe that we arc describing correctly, is its structure. As
Poincarg puts it:

These are merely names of the images we substituted
between these rcal objects which Naturc will hide from us
for ever from our cyes. The true relations between these real
objects arc thc only reality we can attain. (quoted in
Worrall 1989, 118)

Thesc relations are given by the mathematical structure even if we
do not know what these entities are. They claim that we can change our
understanding of these entities when a change of evidence occurs, whilc the
mathematical structure that rclates thesc entities will not change. But, the
structure is not the only thing that will survive scientific revolutions; and not
all structures will be retained.

3. Structural realism and the pessimistic meta-induction

Structural realism tries to overcome the difficulties suggested by the
fact that even the highly successful theories, like Newton’s, had turned out to
be false due to new discoveries. As I mentioned earlier, the debate about
realism was overshadowed by two main arguments: the no-miracle argument
and the pessimistic meta-induction. The pessimistic meta-induction
argument against realism has two parts:

1) The empirical evidence supporting a theory does not
give enough warrant that the theory is truc or even
approximately true. The history of science shows that many
theories that had good empirical support have proved to be
false. Current scientific theories are not in a better status
than their ancestors are and it is highly probable that they
too will turn out to be false. Hence, there are no grounds to
believe that our current successful scientific theories do
represent the world.

2) Even if some of the new scientific theories are using the
same terminology as thc old theories, thcre is a
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theory, then this is a very good reason (in structural realism’s tcrm), to be
optimistic in suggesting that this mathematical structure reflects the
underlying structurc of thc universe.

Structural realism ignores all the elements that constitute the theory
except the mathcmatical equations. The rest of the theory elements,
according to Worrall, would be on what he calls the ‘phenomenal Icvel’. But
any theoretical model (or even a phecnomenological model for that matter)
consists of: the mathematical equations, a description of the phenomenon
under study including its cnvironmental set-up, and a story that usually
connccts the symbols of the mathematical structure with the real cntities of
the world.

In Fresncl’s case we do not have a fundamental theory likc that of
Newton'’s or Einstein’s which is associated with different types of
phenomena; we have a theoretical representation related to the reflection and
refruction of light. Fresnel’s ‘thcory’ represents a kind of theorctical model.
It gives a story telling us that light propagates through an ether medium. It
associates ccrtain properties of the phcnomena with thc symbols in the
mathcmatical equation, such as associating the properties of the vibration of
light with the refraction (T) and reflection (R) phecnomena. It is also
important to mention that the only measurements that take placc arc the
angles of refraction and reflection®. So, from Fresncl's perspective the
ontology in which the phenomenon occurs is the ether medium. The new
theory associatcs the phenomenon with a different picture that would prove
that the previous understanding of the phenomenon is false. Therefore, it
necds to present another story.

I think structural realism would face a problem here. The new theory
has a different understanding of the phcnomenal set-up than the old one, in
the sense that it assigns to it a different ontology. It claims that ‘light is an
electromagnetic wave that propagates in an clectromagnetic field’ rather than
‘light is a wave that propagates in an cther medium’. Now, if a person wants
to accept that theorics represent nature then they should not rule out the
importance of the ontological bases in both theories: cther versus ficlds --
there exists one nature and either it is a nature with fields or a nature with
cther. Structural realists claim that the only aspect of reality we have good
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- sin(g,-o,)
Rl T un(6+0,)
— 280, cos

1 = sin(8y+6,)

Where 0, is the angcl of reflection or refraction and 6, is the angle
of the incidence®.

This theory was ‘falsificd’ by Maxwell’s theory of optics. The new
theory assumes that the medium is the field rather than the cther’. Worrall
claims that the mathematical equations (structure) of Fresnel’s theory can be
dcrived from Maxwell’s theory. The important point for Worrall is that the
structure of Fresnel’s theory is preserved in the new theory. Hence, Fresncl's
mathcmatical equations arc still an accurate basis for calculation. This
success in preserving the structure leads Worrall to conclude:

Thus if we restrict ourselves to the Icvel of mathcmalical
cquations - not notice the phenomcnal level - there is in fact
complete continuity between Fresncl’s and Maxwell’s
theorics (Worrall 1989, 119).

In this cxample Worrall accepts that even if Fresnel’s theory is built
on the false assumption that there cxists an ethcer medium, its mathematical
structurc is ‘right’. Now under the new theory — Maxwell’s - thc same
structurc continues to capturc the phenomenon. The new theory needs only,
(duc to the fact that the content of Fresnel’s theory was found to be wrong,)
to rcinterpret the symbols of the structurc in a diffcrent way; i.e. to suggest a
ncw content. Fresnel's theory asserts that the vibrations, which are
responsible for the way in which the theory represents the coefficients, arc
vibrations in the cther mcdium. Maxwecll’s theory replaced this identification
of the vibration (with the cther medium) with another identification related
to the electromagnetic ficld. Worrall claims that if we “do not noticc the
phcnomenal level” we can sce that the mathematical form of Maxwell’s
thecory resembles that of Fresnel’s. So, Worrall thinks the mathematical
structure was capablc of surviving through scientific revolutions whilc the
content of Fresnel’s thcory was replaced with another content. The main idea
here is that if the old mathcmatical structure continues to yield correct
results, and if the new theory retains thc mathematical equations of the old
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The predictive power, as structural rcalism claims, is contained in
the ability of the mathematical equations to give certain results whenever
input numbers arc provided; whether thesc numbers are interpreted as 'cats’
or as 'lions' is another matter. This is what leads Worrall to argue that the
structure is what holds a real representation of nature. He thinks that the
content of the theory can be changed with scientific revolutions, i.c. that the
intcrpretation of the variables as cats or lions might change with thcory-
change while the mathcmatical structure ought to be preserved. Hence, after
describing the realists’ claims, such as those of Putnam and Boyd, about
theories in sciencc and how new theories should resemble the old ones,
Worrall says that the realist’s intuitions are better capturcd in a rather
different position which might be called structural or syntactic realism
(Worrall 1989, 112).

2:1 Fresnel’s theory

As | mentioned, ‘structure’ - in structural realism - refers to the
mathematical structure of a theory. The idca is that the highly confirmed
theories of mature science, those that have thc power to predict and unify,
have a mathematical structure that is capable of surviving scientific
revolutions.

To illustrate his position, Worrall gives an cxample from optics:
Fresnel’s theory. Fresnel’s theory of diffraction states that light consists of
vibrations that propagate through a mechanical medium (ether). It states that
any unpolarised light could bc analysed into two components: vertical and
horizontal. And it gives the reflection and transmission (refraction)
coefficients of the light polarised in the plane of incidence to be:

R. = 1an6,-6)
11~ an(0,+8,)

T = 4sin 8, cos 8,
I ™ 5in26,+sin 26,

While the coefficients of the light polarised perpendicular to the
plane of incidence are
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Zahar suggests a rank of rcalism. He begins with metaphysical
realism® and methodological realism®, which do not bear centrally on my
concerns here. Structural realism, according to Zahar, is a kind of scientific
realism that adds a further thesis that successful theorics, i.c. thosc unified
systems which explain thc data without ad hoc assumptions, are
approximately truc. That is: such systems reflect, in onc way or another, the
order of things as they arc in themselves. Successful hypotheses model and
in some sensc ‘correspond’ to real structure of the world (Zahar 1994a, 20).

Structural realism differs from other kinds of scientific realism in
accepting that the only part in the thcory that generally should be interpreted
realistically is the mathematical structure which is said to convey the real
structure of nature, or at lcast to approximate that structure. Hence, structurc
gets preserved whilc content changes. That gives structural realism the
ability to claim that a thcory, despite being a false theory, has the power o
predict: it is the mathcmatical structure that gives this power to the theory.
But what docs it mean to say that the mathematical structure has the power
to predict? Consider, for example, a mathcmatical structurc of a ccrtain
phenomenon given by a function of the fourth order (F (x) = Ax*+... +Dx
+E). This function has two positive peaks. Now, if the experimental data
give us information about the first peak, but do not provide any data about
the sccond peak, then the mathematical structure provides the power to
predict that there would be another peak. To illustrate this point, [ will take
Worrall's example, which I will discuss below.

In Fresnel’s theory, the mathcmatical cquations predict that light
incident on a plane surfacc from a direction away from the normal will be
reflected according to the light’s state of polarisation. It interprets the light to
be mechanical vibrations propagating in an cther medium. In Maxwell’s new
interpretation of light propagation, he accepts that light will be reflected
according to its state of polarisation, but he states that light is an
electromagnetic wave propagating in an clectromagnetic field. In both cases
the phenomenon of the light (reflection or refraction) is dependent on its
state of polarisation. And the same mathematical equations were used. Here
structural realism will claim that such an example shows that while the
mathematical structure continued to hold, the content changed.
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Worrall statcs that thcre are no essentially new arguments in the
current realism/anti-realism debate. For him, Poincarg and Duhem put
forward the two chief argumecnts in that debatc. Worrall puts the no-miracle
argument as follows:

It is impossible for highly empirically successful theorics
(i.c. theorics that arc cxplanatory and predictive), to be true
without what thc thcory says about the fundamental
structurc of thc universe being correct or ‘essentially’ or
‘basically’ correct. (Worrall 1989, 101)

Zahar takes a more claboratc position on thc matter. He puts the
argument as follows:

It is highly unlikely that organically compact hypotheses
should cither cxplain the facts in a systematic and non ad
hoc way or should cstablish hitherto unsuspected
connection between these facts, without simultancously
being at least approximately true; i.c. without reflecting, in a
way more or less approximatc, rcal conncctions between
individuals. This is becausc the various components of a
unified system are so closcly knit togcther that a
considerable dcparturc of any one of them from the truth
would have repercussions throughout the system, hencee lead

to a refutation somcwhere in its cmpirical domain (Zahar
19944, 1).

This way of putting the argument concentrates on the structural form
of the theory and its hypotheses, and the fact that this structurc is “closely
knit” in a unificd system.

Duc to his belief that these are thc two chief arguments, Worrall
claims that only a position that can have both arguments on its side can be
satisfactory. He thinks that structural realism is such position, i.e. a position
that both [underwrites] the ‘no miracles’ argument and [accepts] an accurate
account of the extent of thcory change in science (Worrall 1989, 117).

So, what is structural realism, and how it can have both arguments
on its side?
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2. Structural realism

The attacks against rcalism deploy a well-defended argument. That
is the pessimistic meta-induction. John Worrall puts it as follow:

Revolutionary changes have occurrcd in accepted scientific
theories, changes in which the old theory could be said to
“approximatc” thc ncw only by stretching the admittedly
vaguc and thercfore eclastic notion of ‘approximation’
beyond breaking point (Worrall 1989, 107).

So, in an attempt to overcome the difficultics facing rcalism, John
Worrall and Elic Zahar suggcest that rcalists should focus on the form or
structure of theories rathcer than on content. They trace this position to
Poincarg, Zahar also traces this view to Duhem. The core idca, as Worrall
puts it, is to havc the best of both worlds: realism and instrumentalism. Therc
arc two main arguments in the realism/anti-realism debate, or so -- at least --
Worrall claims. The chict argument for realism, as it is accepted by most if
not all realists, is the no-miraclc argument. The one against realism is the
argument from scientific  revolutions, which gives a pessimistic
interpretation of theory change: if we look at the history of scicnce we would
conclude that cven the mmost well supported theories turn out to be wrong.

Structural rcalism suggests that if we consider only the highly
supportcd mathematical structurc of the old theorics, then it is possible to
prcsent a good argument that would hold the cvidence from scientific
revolutions to the side of rcalism. This argument runs as follows. If a given,
and highly supported mathcmatical torm that accounts for a set of
phenomena {P;} is preserved through theory change, either as it is or via the
corrcspondence principle, then it is highly probable that it represents, or at
Icast approximately represcnts, the truc underlying structure of nature.

Hence, this neglected position of Poincarg's, can offer the
only hopeful way to havc the best of both worlds: to give
the argument from scientific revolution its full weight and
yct still adopt some sort of realist attitude toward presently
accepted theories. (Worrall 1989, 99).
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arguments from rcalism and from scientific revolutions to its side. It
suggests that the type of division that realism ought to make within theorics
is that of dividing the theory into structure and contcnt, where it accepts that
the structure (by which they mean the mathecmatical structure) represents
nature while the content can b filled indifferently and changed (scctions 2).
In sections 4 and 5 [ will show that the kernel of the structural
rcalism programme is the corrcspondence principle. Structural realism
depends on an important hcuristic device in ordcr to secure an ‘optimistic’
intcrpretation of scicntific rcvolutions. This heuristic device is the
correspondence principle. Although structural realisim accepts that there are
different kinds of correspondence between old theories and new ones, |
believe that only one special kind of formal correcspondence can best express
their concept of structural continuity (section 6). 1 put forward two theses:

1) If we takc the cascs where structural realism claims that
structural continuity is preserved via the typc of
corrcspondence its authors describe, we will find that some
of these cases arc not in agrecment with the claims of
structural realism. I illustrate this point by means of an
cxample from quantum mechanics in scction 6.

2) I will also show that structural rcalism tailors its
dcfinition of the formal correspondence principle to suit the
nccds of structural continuity. The types of “‘formal”
correspondence that are accepted in physics would not
support their claims. As a result, the structural realist
definition of the correspondence principle makes too much
and too little of correspondence. Too much because in order
to securc what it sces as a defensible kind of realism, it
demands a very restricted type of correspondence which
often does not obtain. And too little becausc it downplays
the importance of other kinds of correspondence that have
been centrally employed in science (see section 7).



- .. r
Structural Realism and the Correspondence Principle AV

that the rcalists’ explanation of (he successes of science does not hold. He
argues that the success of theories cannot offer grounds to accept that these
thcories are true (or even approximately true). He presents a list of theories
that have been successful and yct arc now acknowledged to be false. Hence,
he concludes, depending on our previous cxperience with scientific
revolutions the only rcasonablc induction would be that it is highly probable
that our current succcessful theories will turn out to be falsc. Van Fraassen
claims that despitc the success of theories at accounting for phcnomena
(their empirical adcquacy), there could never be any grounds for belicving
any claims beyond those about what is observable.

In reply to these attacks many rcalists have suggested that the way
forward is not in accepting the theorics as a whole as corrcct representations
of nature, nor is it in rejecting them as a whole, but rather in adopting a kind
of division between different parts of the thcory. That is to say that some
parts might bc accepted as correct rcprescntations of nature while the rest is
not. In Philip Kitcher’s case, he differentiates between two different posits:
“prcsuppositional Posits” vs. “working posits”. The former are the non-
referring terms in a thecory which “have to cxist if the instances of the
schemata arc to be true” (Kitcher 1993,149), while the latter are the referring
terms which feature in a successful cxplanatory schemata. These kinds of
dichotomy divide the theoretical forms vertically, cutting through low-levcl
as well as high-lcvel theoretical forms’. I claim that such vertical divisions
do not solve the problems rcalists’ face. In my PhD thesis 1 suggest an
alternative division, not in tcrms of accepting theories as real representations
of nature, but by claiming that there arc two kinds of theoretical forms in
physics. Onc takes a top-down approach toward accommodating
cxperiments; the other is phenomenological and takes a bottom-up approach.
I claim that the theorctical outcomes that result on the phenomenal level,
which I call **phenomenological models”, often hold truc representations of
naturc, whilc the high-level theoretical forins, which I label “theorctical
models”, seldom arc truc representations of nature. This division is
horizontal: it divides between low-level and high-level theoretical forms.

[ will concentrate herc on the structural realist position. Structural
rcalism aims to present a plausiblc position that would hold the two
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1. Introduction

Recent attacks on realism have succceded in prescnting a scrious
challenge to it. This challenge cventually affected the beliefs of even a deep
belicver in rcalism like Hilary Putnam (1990), who changed his position
under the influence of such critiques. Hitherto, the core point in the rcalist
position was that thcorics arc truc representations of naturc, or,
approximatcly so. The strongest argument for rcalism is that suggested by
Poincarg and rc-affirmed in Putnam’s early work: the no-miracle argument.
As Putnam puts it: “the positive argument for rcalism is that it is the only
philosophy that does not makc the success of science a miracle” (Putnam
1975, 73).

Realists do not accept that all theories arc true (or approximately
true) representations of nature, just the successtul oncs are. However, realists
do not agrec on the critcrion of what to accept as a true or successful or
approximately truc thcory. In his Smoke and Mirrors, James Robert Brown
presents onc definition of successful theorics:

...By calling these thcories successful I chicfly mcan that:
1) they are able to organisc and unify a great variety of
known phenomena; 2) this ability to systcmatize the
empirical data is more cxtensive now than it was for
previous thcories; and 3) a statistically significant nuinber
of novcl predictions pan out, i.e. our theorics get more
predictions right than merc guessing would allow (Brown
1994, 4).

Contrary to Putnam, Brown does not accept that the critiques of
rcalism are good. He is a Platonist recalist who belicves that our theories
reveal the truc propertics of nature.

The major recent attacks on realism come from pessimistic meta-
induction on the onc hand and new versions of cmpiricist arguments on the
other. These positions arc associaled with Larry Laudan' (the former) and
Bas van Fraassen® (the latter) -- van Fraassen defines his position as
“constructive empiricism’™. Laudan relies on the history of science to claim
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he Kernel of structural realism is their position on the

correspondence principle, without which their idea of

structural continuity between the old and ncw theories
would collapse. In this paper I want to prove that their position on
correspondence does not fit physics and in the limited casc where it applies it
cannot help to support their overall view on structural continuity. Henee the
corncr stone of their position is been removed.

1 Introduction
2 Structural realism
2:1 Fresnel’s theory
3 Structural rcalism and thc pessimistic meta-induction
Mathematics and scientific discoverics
5  Structural realism and the correspondence principle
5:1 Zahar and the Correspondence Principle as a Meta-statement
6  Formal correspondence
6:1 The old corrcspondencc principle
6:2 Configuration correspondence principle
6:3 The frequency correspondence principle
6:4 Form correspondence principle
7 Superconductivity and the form correspondence
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