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Abstract: Many putative explanations in physics rely on idealized models of physical systems. These explanations are inconsistent with standard
philosophical accounts of explanation. A common view holds that idealizations can underwrite explanation nonetheless, but only when they are
what have variously been called Galilean, approximative, traditional or controllable. Controllability is the least vague of these categories, and this
paper focuses on the relation between controllability and explanation. Specifically, it argues that the common view is an untenable half-measure. It
gives the example of a simple pendulum with quadratic damping, an uncontrollable idealization that makes use of singular limits and for which the
behaviour at the limit is qualitatively new& mdash;but a system whose behaviour is fully explained in terms of the idealization. It shows that
uncontrollable idealizations can have explanatory capacities (and in a way distinct from Batterman&rsquo;s &ldquo;asymptotic
explanation& rdquo;).
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Some assumptlons about explanatlon

> Saentlfc explanation enables us to understand why a
phenomenon occurs.
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Some assumptlons about explanatlon

> Scrent!’r"c explanation enables us to understand why a
phenomenon occurs.

» Explanation is distinct from confirmation and prediction.
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Some assumptlons about explanatlon

» Scientific explanation enables us to understand why a
phenomenon occurs.

» Explanation is distinct from confirmation and prediction.

» Explanations come in varying degrees of goodness or
depth.
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Some assumptlons about explanatlon

. Sc:entlfc explanation enables us to understand why a
phenomenon occurs.

» Explanation is distinct from confirmation and prediction.

» Explanations come in varying degrees of goodness or
depth.

» Explanatory practices are diverse in different scientific
fields, and models of scientific explanation should
reflect this.
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The standard philosophical story about

explanation

» One standard approach to scientific explanation holds
explanations to be deductive arguments with true
premises.
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The standard philosophical story about
explanation

» One standard approach to scientific explanation holds
explanations to be deductive arguments with true
premises.

» Another standard approach holds that they give a causal
or counterfactual story.
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The standard philosophical story about
explanation

» One standard approach to scientific explanation holds
explanations to be deductive arguments with true
premises.

» Another standard approach holds that they give a causal
or counterfactual story.

» Philosophers generally agree that statements in the
explanans must be true.
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Explanation in physics

» The present paper focuses on explanation in physics,
and it limits discussion to deductivist approaches to
explanation.

Pirsa: 10040016 : == St e = = = - : = ___Page 14/145

» Introduction EvGl [he Challenge Explanation Conclusion



Explanation in physics

» The present paper focuses on explanation in physics,
and it limits discussion to deductivist approaches to
explanation.

» Virtually all cases of what are taken to be bona fide

explanation in physics fail to satisfy even the basic
requirements of standard philosophical accounts.
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Explanation in physics

» The present paper focuses on explanation in physics,
and it limits discussion to deductivist approaches to
explanation.

» Virtually all cases of what are taken to be bona fide

explanation in physics fail to satisfy even the basic
requirements of standard philosophical accounts.

» This is because explanation in physics relies essentially
on /dealizations (idealized models) of physical systems.

irsa: 10040016 Page 16/145

» Introduction EvGl he Challenge Explanation



Explanation in physics

» The present paper focuses on explanation in physics,
and it limits discussion to deductivist approaches to
explanation.

» Virtually all cases of what are taken to be bona fide

explanation in physics fail to satisfy even the basic
requirements of standard philosophical accounts.

» This is because explanation in physics relies essentially
on /dealizations (idealized models) of physical systems.

» Should we be worried?
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The argument

» Some philosophers have claimed that idealizations can
be used to underwrite explanation, but only when the
idealizations are what have variously been called

Galilean, approximative, harmless, traditional and
controllable.
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The argument

» Some philosophers have claimed that idealizations can
be used to underwrite explanation, but only when the
idealizations are what have variously been called
Galilean, approximative, harmless, traditional and
controllable.

» This paper argues that this is mistaken.
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The argument

» Some philosophers have claimed that idealizations can
be used to underwrite explanation, but only when the
idealizations are what have variously been called
Galilean, approximative, harmless, traditional and
controllable.

» This paper argues that this is mistaken.

» Uncontrollable idealizations can have explanatory
capacities (and in a way distinct from Batterman’s
“asymptotic explanation”).

irsa: 10040016 : : : - Page 21/145

»  Introduction BEvGl [he Challenge Explanation _onclusion



The argument

» Some philosophers have claimed that idealizations can
be used to underwrite explanation, but only when the
idealizations are what have variously been called
Galilean, approximative, harmless, traditional and
controllable.

» This paper argues that this is mistaken.

» Uncontrollable idealizations can have explanatory
capacities (and in a way distinct from Batterman’s
“‘asymptotic explanation”).

» Philosophers of physics have picked a bad strategy for
understanding explanation in physics.
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ldealization

» An idealized model is known not to represent accurately
some elements of the target system.
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ldealization

» An idealized model is known not to represent accurately
some elements of the target system.

» Galileo famously developed a range of idealizing

techniques aimed at predicting and explaining natural
phenomena.
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ldealization

» An idealized model is known not to represent accurately
some elements of the target system.

» Galileo famously developed a range of idealizing
techniques aimed at predicting and explaining natural
phenomena.

» Galileo created an “idealized
construct” of a simple pendulum.
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ldealization

» An idealized model is known not to represent accurately
some elements of the target system.

» Galileo famously developed a range of idealizing
techniques aimed at predicting and explaining natural
phenomena.

: = : .
» Galileo created an “idealized N
construct” of a simple pendulum. n
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ldealization (cont’d)

» An ideal pendulum continues to oscillate indefinitely
with the same amplitude and period and obeys Galileo’s
pendulum law.
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ldealization (cont’d)

» An ideal pendulum continues to oscillate indefinitely

with the same amplitude and period and obeys Galileo’s
pendulum law.

» Galileo well knew that this idealization failed to describe

or predict accurately the behaviour of any real
pendulums.
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ldealization (cont’d)

» An ideal pendulum continues to oscillate indefinitely

with the same amplitude and period and obeys Galileo’s
pendulum law.

» Galileo well knew that this idealization failed to describe

or predict accurately the behaviour of any real
pendulums.

» But Galileo, and generations of physicists since, take the
idealization to be explanatory.
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ldealization (cont’d)

» An ideal pendulum continues to oscillate indefinitely
with the same amplitude and period and obeys Galileo’s
pendulum law.

» Galileo well knew that this idealization failed to describe

or predict accurately the behaviour of any real
pendulums.

» But Galileo, and generations of physicists since, take the
idealization to be explanatory.

» Problem: none of the standard philosophical accounts of
explanation makes sense of this sort of explanatory
practice.
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Galilean idealization

» Ernan McMullin (1985): a handful of characteristics pick
out idealized models that can underpin scientific
explanation, models he calls Galilean idealizations.
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Galilean idealization

» Ernan McMullin (1985): a handful of characteristics pick
out idealized models that can underpin scientific
explanation, models he calls Galilean idealizations.

1. Galilean idealizations approximate their target
systems.
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Galilean idealization

» Ernan McMullin (1985): a handful of characteristics pick
out idealized models that can underpin scientific
explanation, models he calls Galilean idealizations.

» 1. Galilean idealizations approximate their target
systems.

» 2. Galilean idealizations have an intrinsic self-
correcting feature such that they can (at least in
principle) be brought in ever closer agreement with
empirical observations in a theoretically justified, non-
ad hoc way.
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Explanatlon V|a Galllean |deaI|zat|on

» Explanations based on Galllean idealizations, wh:le

Pirsa

strictly speaking they apply only to the idealized model,
are not too far off when applied to the physical system

of interest.
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Explanatlon V|a Galllean |deaI|zat|on

» Explanations based on Galllean [deallzations whtle
strictly speaking they apply only to the idealized model,
are not too far off when applied to the physical system

of interest.

» The statements in the explanation can become, in
principle at least, true of the physical system as well.
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Explanation via Galllean |deaI|zat|on

» Explanations based on Galtlean idealtzations whlle
strictly speaking they apply only to the idealized model,
are not too far off when applied to the physical system
of interest.

» The statements in the explanation can become, in
principle at least, true of the physical system as well.

» Call this strategy explanation via Galilean idealization
(EvGl).
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Explanation via Galilean |dea||zat|on

» Explanations based on Galilean 1deallzatl0n5 while
strictly speaking they apply only to the idealized model,
are not too far off when applied to the physical system
of interest.

» The statements in the explanation can become, in
principle at least, true of the physical system as well.

» Call this strategy explanation via Galilean idealization
(EvGl).

» The EvGI strategy maintains that explanation as a
normative goal of physics can only be achieved in the
context of Galilean idealization.
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Galilean idealizations are apprOXImatlve

> One feature of Galllean ldeahzattons they approximate
the target system.
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Galilean idealizations are approxlmatlve

» One feature of Galtlean ldeallzations they approximate
the target system.

» Galilean idealizations achieve a kind of common-sense
representational success.
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Galilean idealizations are apprOX|mat|ve

» One feature of Galilean ldeahzations they approximate
the target system.

» Galilean idealizations achieve a kind of common-sense
representational success.

» Representational success has something to do with
considerations of similarity between elements of the
model and elements of the physical system.
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Galllean idealizations are controllable

> The second feature of Galllean |dealtzat|0n5 they are
controllable.
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Galilean idealizations are controllable

» The second feature of Galllean |dealizat|0n5 they are
controllable.

» Sklar (2000): controllability means either discrepancies
between the idealization and target system are
negligible (see approximation, above), or discrepancies
can be “subtracted off” based on background theory

when not negligible.
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Galilean idealizations are controllable

» The second feature of Galilean idealizations: they are
controllable.

» Sklar (2000): controllability means either discrepancies
between the idealization and target system are
negligible (see approximation, above), or discrepancies
can be “subtracted off” based on background theory
when not negligible.

» Batterman: “An idealization is controllable means that it
is possible, via appeal to theory, to compensate in some
way for the idealization” (2005).
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Batterman on controllabllnty

» An |deallzation mvolwng an infinite limit is
uncontrollable when (2005):
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Batterman on controllability

» An idealization involving an infinite limit is
uncontrollable when (2005):
» The limit is singular, and
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Batterman on controllability
» An idealization involving an infinite limit is
uncontrollable when (2005):

» The limit is singular, and

» The behaviour at the limit is gualitatively different
from the pre-limit behaviour.
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Batterman on controllability
» An idealization involving an infinite limit is
uncontrollable when (2005):

» The limit is singular, and

» The behaviour at the limit is gualitatively different
from the pre-limit behaviour.

» Focus is on physical systems wherein approximation
schemes for base-level theory break down.
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Batterman on controllability

» An idealization involving an infinite limit is
uncontrollable when (2005):
» The limit is singular, and

» The behaviour at the limit is gualitatively different
from the pre-limit behaviour.

» Focus is on physical systems wherein approximation
schemes for base-level theory break down.

» In these cases, presence of a singular limit results in the
unexplainability of upper—level behaviour in base—level
terms (2002).
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Two EVGI conditions

. In the context of a deductivist approach to explanatlon

» Explanans condition. The premises in the explanans
are true of the idealization and approximately true of
the target system, and the idealization is controllable.
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Two EvGl conditions
» In the context of a deductivist approach to explanation:
v Explanans condition. The premises in the explanans

are true of the idealization and approximately true of
the target system, and the idealization is controllable.

v Explanandum condition. The conclusion derived from
the explanans approximates the actual explanandum-
statement.
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Two EvGl conditions
» In the context of a deductivist approach to explanation:
v Explanans condition. The premises in the explanans

are true of the idealization and approximately true of
the target system, and the idealization is controllable.

v Explanandum condition. The conclusion derived from

the explanans approximates the actual explanandum-
statement.

» The EvGI strategy maintains that explanation as a
normative goal of physics can only be achieved in the

context of Galilean (approximative, controllable)
idealization.
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Non-Galilean idealization

» The trouble is, Galilean idealizations are far more
pervasive in philosophical accounts of physics than they
are in physics itself.
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Non-Galilean idealization

» The trouble is, Galilean idealizations are far more
pervasive in philosophical accounts of physics than they
are in physics itself.

» A large part of explanatory practice in physics simply
does not fit the EvGl strategy.
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Non-Galilean idealization

» The trouble is, Galilean idealizations are far more

pervasive in philosophical accounts of physics than they
are in physics itself.

» A large part of explanatory practice in physics simply
does not fit the EvGl strategy.

» These explanations are based on non-Galilean
idealizations.

irsa: 10040016 Page 66/145

P Introduction EvGl The Challenge



Non-Galilean idealization

» The trouble is, Galilean idealizations are far more
pervasive in philosophical accounts of physics than they
are in physics itself.

» A large part of explanatory practice in physics simply
does not fit the EvGIl strategy.

» These explanations are based on non-Galilean
idealizations.

- Putatively explanatorily relevant elements of the model
do not approximate or successfully represent the
physical system, and
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Non-Galilean idealization

» The trouble is, Galilean idealizations are far more
pervasive in philosophical accounts of physics than they
are in physics itself.

» A large part of explanatory practice in physics simply
does not fit the EvGI strategy.

» These explanations are based on non-Galilean
idealizations.

» Putatively explanatorily relevant elements of the model
do not approximate or successfully represent the
physical system, and

» The explanation involves both singular limits and
qualitatively novel phenomena.
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Slmple pendulum W|th quadratlc damplng

» A modification of Gallleo S ldeailzed construct” of the
pendulum.

» ldealized pendulum model must include approximately

quadratic viscous damping due to air resistance on the
bob.

(1) 8 —£0% + wisin@ =0,
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Simple pendulum W|th quadratlc damplng

» A modification of Galileo’s “idealized construct” of the
pendulum.

» ldealized pendulum model must include approximately
quadratic viscous damping due to air resistance on the

bob.
(1) 8 —£0% + wisinf =0,

» Applying regular perturbation methods to small but
finite—amplitude motion results in:
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Slmple pendulum W|th quadratlc damplng

» A modification of Gallleo S Ideahzed construct’ of the
pendulum.

» ldealized pendulum model must include approximately
quadratic viscous damping due to air resistance on the

bob.
(1) 8 — 0% + wisinf =0,

» Applying regular perturbation methods to small but
finite—amplitude motion results in:

- Secular terms that grow as positive powers of .
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Slmple pendulum W|th quadratlc damplng

» A modification of Gallleo S Ideahzed construct’ of the
pendulum.

» ldealized pendulum model must include approximately
quadratic viscous damping due to air resistance on the

bob.
(1) 8 —£0* + wisinf =0,

» Applying regular perturbation methods to small but
finite—amplitude motion results in:

- Secular terms that grow as positive powers of &
» Divergent series expansion.
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Simple pendulum with quadratic damping

» A modification of Galileo’s “idealized construct” of the
pendulum.

» ldealized pendulum model must include approximately
quadratic viscous damping due to air resistance on the

bob.
(1) 8 —£0% + wisinf =0,

» Applying regular perturbation methods to small but
finite—amplitude motion results in:

- Secular terms that grow as positive powers of &
Divergent series expansion.

» Asymptotic methods are needed to obtain a uniformly
valid approximate solution.
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Overview of the solution
v Initial model simple harmonic oscillator

» Governing equation and initial conditions
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Overview of the solution

v Initial model simple harmonic oscillator
» Governing equation and initial conditions

v Additional assumptions: approximately periodic
behaviour with slowly varying amplitude and frequency
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Overview of the solution

Initial model. simple harmonic oscillator

v

k4

Governing equation and initial conditions

Additional assumptions: approximately periodic
behaviour with slowly varying amplitude and frequency

v

Asymptotic methods (singular perturbation techniques)

v
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Overview of the solution

>

>

>

Initial model. simple harmonic oscillator
Governing equation and initial conditions

Additional assumptions: approximately periodic
behaviour with slowly varying amplitude and frequency

Asymptotic methods (singular perturbation techniques)

Result (to second order in €) is an accurate approximate
model of the long-timescale behaviour.
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The explanans
» The governing equation (1) + initial conditions

» Statements about the SHO idealization
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The explanans
» The governing equation (1) + initial conditions
» Statements about the SHO idealization

» Additional assumptions
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The explanans
» The governing equation (1) + initial conditions
» Statements about the SHO idealization

» Additional assumptions

» Asymptotic mathematical methods (inference rules &
additional assumptions)

irsa: 10040016 Page 85/145

niroduction EvGl The Challenge









The explanandum

» An accurate idealized model of the long-timescale behaviour.

Quad. damped pendulum Undamped pendulum
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The explanandum

» An accurate idealized model of the long-timescale behaviour.

Quad. damped pendulum Undamped pendulum
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The explanandum

» An accurate idealized model of the long-timescale behaviour.

Quad. damped pendulum Undamped pendulum
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An uncontrollable idealization
» The idealization is uncontrollable.
» The limit involved in deriving the idealization is
singular.

Pirsa: 10040016 S R e e e R e e R e e e e S, e e e Pa 0193/ 4555

» Introduction EvGl The Challenge Explanation Conclusion



An uncontrollable idealization

» The idealization is uncontrollable.
» The limit involved in deriving the idealization is
singular.

» The behaviour at the limit is qualitatively different
from the pre-limit behaviour.
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An uncontrollable idealization
» The idealization is uncontrollable.
» The limit involved in deriving the idealization is

singular.

» The behaviour at the limit is qualitatively different
from the pre-limit behaviour.

» Singular limit precludes deductive derivation of
behaviour from the governing equation and initial
conditions alone.
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An uncontrollable idealization
» The idealization is uncontrollable.
» The limit involved in deriving the idealization is
singular.

» The behaviour at the limit is qualitatively different
from the pre-limit behaviour.

» Singular limit precludes deductive derivation of

behaviour from the governing equation and initial
conditions alone.

» EvGl explanans condition fails, which precludes the
derivation being explanatory on the EvGl strategy.
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Explanatory merlts of this derivation

» The derivation does not only predlct accurately the Iong—
timescale behaviour, the derivation also exp/ains it.
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Explanatory merlts of this derivation

» The derivation does not only predlct accurately the Iong—
timescale behaviour, the derivation also exp/ains it.

» Some observations:
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Explanatory merlts of this derivation

» The derivation does not only predlct accurately the Iong—
timescale behaviour, the derivation also exp/ains it.

» Some observations:

» The governing equation applies to all nonlinear
oscillators with quadratic viscous damping. It is of a
form applicable to nonlinear systems more generally.
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Explanatory merlts of this derivation

» The derivation does not only pred!ct accurately the Iong—
timescale behaviour, the derivation also exp/ains it.

» Some observations:

» The governing equation applies to all nonlinear
oscillators with quadratic viscous damping. It is of a
form applicable to nonlinear systems more generally.

» Assumptions used in the derivation are weak. They are
completely characterizable in base-level terms. The
assumptions are also effective in deriving the

behaviour of many other types of nonlinear system.
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Explanatory merlts of this derivation

» The derivation does not only predlct accurately the Iong—
timescale behaviour, the derivation also exp/ains it.

» Some observations:

» The governing equation applies to all nonlinear
oscillators with quadratic viscous damping. It is of a
form applicable to nonlinear systems more generally.

» Assumptions used in the derivation are weak. They are
completely characterizable in base-level terms. The
assumptions are also effective in deriving the
behaviour of many other types of nonlinear system.

» Mathematical asymptotic methods are effective in a
wide range of periodic nonlinear systems of interest.
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Controllability reconsidered

» ldealizations involving singular limits and qualitatively
new phenomena (“uncontrollable” can be explanatory.
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Controllability reconsidered

» ldealizations involving singular limits and qualitatively
new phenomena (“uncontrollable”) can be explanatory.

» Sklar (2000): the uncontrollable cases are those “where
the choice of the appropriate limit is not fixed in any
obvious way by our embedding background theory.”
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Controllability reconsidered

» ldealizations involving singular limits and qualitatively
new phenomena (“uncontrollable” can be explanatory.

» Sklar (2000): the uncontrollable cases are those “where
the choice of the appropriate limit is not fixed in any
obvious way by our embedding background theory.”

» Better: controllable idealizations are ones in which the
assumptions involved are sufficiently weak and justified
in the context of base-level theory....
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Controllability reconsidered

» ldealizations involving singular limits and qualitatively
new phenomena (“uncontrollable” can be explanatory.

» Sklar (2000): the uncontrollable cases are those “where
the choice of the appropriate limit is not fixed in any
obvious way by our embedding background theory.”

» Better: controllable idealizations are ones in which the
assumptions involved are sufficiently weak and justified
in the context of base-level theory....

... in other words, controllable idealizations are those
that are explanatory.
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EvGl reconsidered

» Explanations are put forward that fail to meet the
requirements of the EvGl strategy, and particularly its
explanans condition.

Pirsa: 10040016 - : ; 3 : 5 5 ; Page 110/145

» Introduction EvGl he Challenge Explanation



EvGl reconsidered

» Explanations are put forward that fail to meet the
requirements of the EvGl strategy, and particularly its
explanans condition.

» The EvGl assumption—that the normative goal of
explanation can only be achieved in the context of
Galilean idealization—should be rejected.
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EvGl reconsidered

» Explanations are put forward that fail to meet the
requirements of the EvGl strategy, and particularly its
explanans condition.

» The EvGl assumption—that the normative goal of
explanation can only be achieved in the context of
Galilean idealization—should be rejected.

» Rather, Galilean idealizations are those that are
explanatory.
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EvGl reconsidered

» Explanations are put forward that fail to meet the
requirements of the EvGl strategy, and particularly its
explanans condition.

» The EvGl assumption—that the normative goal of
explanation can only be achieved in the context of
Galilean idealization—should be rejected.

» Rather, Galilean idealizations are those that are
explanatory.

» Better: drop the notion of Galilean, controllable etc.
idealizations in favour of exp/anatory idealizations.
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‘Asymptotic explanation”

» Recall that for Batterman, unexplainability of behaviour
in base—level terms results from presence of singular
limit in the idealizing process.

irsa: 10040016 2 = - ; : - c - : Page 115/145

P Introduction EvGl he Challenge Explanation



“Asymptotic explanation”

» Recall that for Batterman, unexplainability of behaviour
in base—level terms results from presence of singular
limit in the idealizing process.

» But Batterman a/so has a notion of “asymptotic
explanation,” the explanation of universality of
behaviour in upper—level terms using asymptotic
mathematical techniques.
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“Asymptotic explanation”

» Recall that for Batterman, unexplainability of behaviour
in base—level terms results from presence of singular
limit in the idealizing process.

» But Batterman a/so has a notion of “asymptotic
explanation,” the explanation of universality of
behaviour in upper—level terms using asymptotic
mathematical techniques.

E.g. rainbow vs. pendulum
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“‘Asymptotic explanation”

» Recall that for Batterman, unexplainability of behaviour
in base—level terms results from presence of singular
limit in the idealizing process.

» But Batterman a/so has a notion of “asymptotic
explanation,” the explanation of universality of
behaviour in upper—level terms using asymptotic
mathematical techniques.

E.g. rainbow vs. pendulum

» “Asymptotic explanation” enable idealized models to
explain universal features in cases where these features
are not explained at a more basic level.
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Summing up

» The orthodox view in philosophy of physics, that only
Galilean, approximative, harmless, traditional or
controllable idealizations can underwrite explanation, is
mistaken.
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Summing up

» The orthodox view in philosophy of physics, that only
Galilean, approximative, harmless, traditional or
controllable idealizations can underwrite explanation, is

mistaken.

» Uncontrollable idealizations can have explanatory
capacities.

Pirsa: 10040016 Page 122/145

P Introduction EvGl The Challenge Explanation Conclusion



Summing up

» The orthodox view in philosophy of physics, that only
Galilean, approximative, harmless, traditional or
controllable idealizations can underwrite explanation, is

mistaken.

» Uncontrollable idealizations can have explanatory
capacities.

» Philosophers of physics have picked a bad strategy for
understanding explanation in physics.
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Explanation via idealization

» Certain idealizations in physics feature essentially in
derivations of phenomena that are explanatory.
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Explanation via idealization

» Certain idealizations in physics feature essentially in
derivations of phenomena that are explanatory.

» These idealizations enable us to understand why a
phenomenon occurs.
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Explanation via idealization

» Certain idealizations in physics feature essentially in
derivations of phenomena that are explanatory.

» These idealizations enable us to understand why a
phenomenon occurs.

» These idealizations may not be controllable.

irsa: 10040016
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Explanation via idealization
» Certain idealizations in physics feature essentially in
derivations of phenomena that are explanatory.

» These idealizations enable us to understand why a
phenomenon occurs.

» These idealizations may not be controllable.

» An adequate account of explanation in physics will be
deductivist, i.e. a covering-law (deductive—nomological)
type account.
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Explanation via idealization

>

Certain idealizations in physics feature essentially in
derivations of phenomena that are explanatory.

These idealizations enable us to understand why a
phenomenon occurs.

These idealizations may not be controllable.

An adequate account of explanation in physics will be
deductivist, i.e. a covering-law (deductive—nomological)
type account.

Duhem: Galileo’s great achievement was not to
approximate reality, but rather “to save all the
phenomena /n exactly the same way.”
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Suggestlon Explanatory umflcatlon

» Theory unt’r“catlon mthln B Feld of science has to do
with demonstrating connections between phenomena.
So does explanation.
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Suggestlon Explanatory unification

. Theory um‘r“catlon Wlthln a ﬁeld of science has to do

with demonstrating connections between phenomena.
So does explanation.

» Explanations are arguments (derivations) that, among

other conditions, are appropriately connected to a larger

pattern of argumentation in a field of science (Kitcher
1981, 1989).
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Suggestion: Explanatory unlflcatlon

» Theory unification within a ﬁeld of science has to do

with demonstrating connections between phenomena.
So does explanation.

» Explanations are arguments (derivations) that, among
other conditions, are appropriately connected to a larger

pattern of argumentation in a field of science (Kitcher
1981, 1989).

» Derivation of the behaviour of the quadratically damped

simple pendulum is explanatory in part because it is part
of a unified pattern of such derivations.
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Suggestlon Explanatory unlflcatlon

. Theory unification wrthln a ﬁeld of science has to do

with demonstrating connections between phenomena.
So does explanation.

» Explanations are arguments (derivations) that, among

other conditions, are appropriately connected to a larger
pattern of argumentation in a field of science (Kitcher
1981, 1989).

» Derivation of the behaviour of the quadratically damped

simple pendulum is explanatory in part because it is part
of a unified pattern of such derivations.

» Explanation via idealization exhibits derivational
parsimony, where one or a small number of argument
patterns are used in a broad range of derivations.
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Expanding the scope of explanatory

idealization

» The moral of this paper is that the scope of explanatory
idealization should be expanded.
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Expanding the scope of explanatory
idealization

» The moral of this paper is that the scope of explanatory
idealization should be expanded.

» To do so, we need more detailed work on the cases in
physics in which these putative explanations are
developed.
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Expanding the scope of explanatory
idealization

» The moral of this paper is that the scope of explanatory
idealization should be expanded.

» To do so, we need more detailed work on the cases in
physics in which these putative explanations are
developed.

» We also need a normative account that makes sense of
explanation in the context of idealization in physics.
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Explanation via idealization

>

Certain idealizations in physics feature essentially in
derivations of phenomena that are explanatory.

These idealizations enable us to understand why a
phenomenon occurs.

These idealizations may not be controllable.

An adequate account of explanation in physics will be
deductivist, i.e. a covering-law (deductive—nomological)
type account.

Duhem: Galileo’s great achievement was not to
approximate reality, but rather “to save all the
phenomena /n exactly the same way.”
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Controllability reconsidered

» ldealizations involving singular limits and qualitatively
new phenomena (“uncontrollable” can be explanatory.

» Sklar (2000): the uncontrollable cases are those “where
the choice of the appropriate limit is not fixed in any
obvious way by our embedding background theory.”

» Better: controllable idealizations are ones in which the
assumptions involved are sufficiently weak and justified
in the context of base-level theory....

... in other words, controllable idealizations are those
that are explanatory.
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The explanandum

» An accurate idealized model of the long-timescale behaviour.

Quad. damped pendulum Undamped pendulum
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The explanandum

» An accurate idealized model of the long-timescale behaviour.

Quad. damped pendulum Undamped pendulum
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