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tonal potential surrounding that point. @ = average ® = Gm/2a where
® i the gravitational potential at any ygiven pomt a s the rads of the
rtounding sphere on the surtace ot which the average potential average
® s @lulated. G is the same constant as bigures in the tormula above
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Now the reason we call these detinitions models 5 that they :,[ )
natural processes more accurately than mhcr.s; that they ‘"L‘-nfll Somg
erate simplifications which neglect causal variables we kney, ol N dejyj,
«mall compared to the ones the m'ndcl mentions; and thy, e st by,
know that things in the world don‘t really fit lhc‘m atall, they
useful L'.'J[\.'Ulal‘ll‘lg devices, or pcdagngamll.\' useful ways of ine
subject. Thus, a Newtonian model of the solar syste
simplification which ignores fricion, small |:~u§|05 like Comets,
asteroids, and electric fields, among mhgr things. Indeed, we k
the model’s exact applicability 1s disconfirmed by astronomicy]
for example, Mercury’s orbit. And we know that the model’s Caus:[ta.nn'
able does not really exist (there 1s no such thing as Newtonan van.
which acts at a distance; rather space is curved). Nevertheless, i 1?-:[\'{]];)'
good model for introducing mechanics to the student of physics ﬂnd‘[ a
sending satellites to the nearest planets. Moreover, the advance O;
mechanics from Galileo and Kepler to Newton and Einstein is 4 matterzf
the succession of models, each of which is applicable to a wider range of
phenomena and/or more accurate in its predictions of the behavior of the
phcnnmcnu v

A model is true by detinition. An ideal gas is by definition just why
behaves in accordance with the ideal-gas law. The empirical or factual
question about a model is whether it “applies” to anything closely
enough to be saentifically useful — to explain and predict its behavior
Thus, it will be a hypothesis that the Newtonian model applies well
enough to, or is sufticiently well satistied by, the solar system. Once we
specify “well-enough” or “sufficiently well satisfied”, this is a hypothesis
that usually turns out to be true. The unqualified claim that the solar
system is a Newtonian system is, we know, strictly speaking false. But it s
much closer to the truth than any other hypothesis about the solar
system except the hypothesis that the solar system satisfies the modci
propounded by Einstein in the general theory of relativity. And a theo_r_\_'
A theory is a set of hypotheses claiming that particular sets of things in
the world are satisfied to varying degrees by a set of n"!odcls which reﬂcd‘
some similarity or unity. This will usually be a set of succcss;vc]_v rrwf‘;
complex models. For example, the kinetic theory of gases is a'[?t;h(r
models that begins with ideal-gas law we have seen before, PV = - ¥
model treats molecules as billiard balls without intermolecular ior}:-’fuﬂcn“l
assumes they are mathematical points. The theory includes a S.Ub’fq e
1 X ) S 2 —b) =T, in whic
improvement due to van der Waals, (P + a/V%)(V )
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.+ ccount of scientific theories and contrast it to the axiomatic
antic "_L} they call the “syntactic” account for two related re
whu‘l dL,'l;l\"‘]“Un of empincal generalizations trom axioms in
il \:t-rh rules of logic, which are the syntax of the langu
jccordance heory is stated; (b) the derivations which logical rules permit
which the t I:c [,;Llrciv formal features — the syntax - of the axioms, and
operate ON ‘ ning of their terms. Notice that although models will be
qot the -mb:rn*? on the semantic view — definitions - hvpotheses and
lingutstic ']l[i.ﬂf;‘ be linguistic items but (abstract) propositions expressible
‘h'-’or:‘;_]\[:;uai;'-" to the etfect that the world or some part of it s
inany .
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But surely this 1s not.n-._ C u.t advantage ot the semannic view, by
comparison 0 the syntactic view. For after all, the axiomaric account may
well be best understood as the claim that a theory s a set of axiom
systems in any language th.at.cxprcsscs all the same propositions as
axioms or theorems, or that it is the set of all such axiom systems that
best balance simplicity and cconomy of expression with power in
reporting these propositions. If the linguistic or non-linguistic character
of theories 1s a problem, it is a rather technical one for philosophers,
which should have little impact on our understanding of scientific theo-
nes The advantage of semantical over syntactical approaches to theories
must lie elsewhere.

One advantage the semantical approach has of course is that it focuses
attention on the role and importance of models in science in a way that
the axiomatic account does not. In particular, it is hard for the axiomatic
analysis to accommodate the formulation of models known from the
outset to be at most false but useful idealizations. It won't do to simply to
interpret PV = T not as a definition of an ideal gas, but as an empirical
generalization about real objects to be derived from axioms of the kinetic
theory of gases, if we know that the statement is false and could not be
true. We don‘t want to be able to derive such falsehoods directly from our
omatic system. For such derivations imply that one or more of the

xoms is false. What we may want 1s to find a place for models within an
Aomatic approach

A related advantage of the semantic approach 1s often claimed for it. In
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