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COMPILATION: Model, theory, law in Newtonian mechanics 
 
Date:    Thu, 7 Apr 2016  
From:    Jane Jackson <jane.jackson@ASU.EDU> 
Subject: WHAT IS A MODEL?  Eugenia Etkina's article on models, in THE PHYSICS 
TEACHER 
 
Eugenia Etkina's article on models, in THE PHYSICS TEACHER, is highly regarded.  David 
Hestenes likes it. 
 
The Role of Models in Physics Instruction (The Physics Teacher  44, 34 (2006); doi: 
10.1119/1.2150757)   http://sites.google.com/site/scientificabilities/publications 
 
a) a model is a simplified version of an object or process under study; a scientist creating the 
model decides what features to neglect; 
b) a model can be descriptive or explanatory; explanatory models are based on analogies-relating 
the object or process to a more familiar object or process; 
c) a model needs to have predictive power; 
d) a model's predictive power has limitations. 
 
This article is highly recommended for all physics students and teachers. 
------------------------------ 
 
Date:    Thu, 7 Apr 2016  
From:    Jane Jackson <jane.jackson@ASU.EDU> 
Subject: confusion between theory, model, & law: David Hestenes clarifies the difference 
 
David Hestenes has clarified the distinctions between models and theories.  Here is a vital excerpt 
from his favorite published article, MODELING GAMES IN THE NEWTONIAN WORLD.  It 
can be downloaded freely at http://modeling.asu.edu/R&E/Research.html . 
I highly recommend it.  His style is conversational -- very readable, more so than most academics. 
 
I quote David Hestenes: 
The defining axioms of Newtonian theory are called laws, because they have been empirically 
tested and validated in a broad empirical domain. That domain is so broad, in fact, that they were 
believed to be universally valid (or true!) throughout the eighteenth and nineteenth centuries. 
Only in the twentieth century have definite limitations of the validity of Newtonian theory been 
set by relativity theory and quantum mechanics. The axioms of the theory cannot be empirically 
tested either directly or independently. They can only be tested indirectly through their 
implications for model building. Only models can be tested experimentally, models of  
physical phenomena which can be studied experimentally. Thus, theories are empirically 
validated only by validating models derived from them. 
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  The confusion is rampant in science, I find.  My intent is to help bring clarity. 
 
Dr. Hestenes discusses the relation between theories and models in these two publications, which 
can be freely downloaded at http://modeling.asu.edu/R&E/Research.html  
*  Hestenes, D. (1987). Toward a Modeling Theory of Physics Instruction, Am. J. Phys. 55: 440-
454. 
*  Hestenes, D. (1992). Modeling Games in the Newtonian World, Am. J. Phys. 60: 732-748. 
 ---------------------------- 
Sept. 14, 2016 
From: Jane Jackson, ASU 
 
On May 13, 2013, John Clement posted this: 
... Boyle's Law, Hooke's law, the ideal gas law, Ohm's law, Moore's law... Are not universally 
true and are limited to very specific ranges of values. They are just empirical laws which establish 
the relationships between certain variables.  Newton's laws, including the gravitational law are 
more widely applicable so they might be called fundamental laws in classical physics.  There 
does not seem to be any particular standard of universal principle for which relationships are 
called laws. 
 
David Hestenes addressed this issue. His oldest writing on it is: 
  FOUNDATIONS OF MECHANICS, by David Hestenes (1998). (Originally published as 
Chapter 9 in the first edition, in 1986)  http://geocalc.clas.asu.edu/pdf/Foundations.pdf 
  or download it at http://geocalc.clas.asu.edu/html/Modeling.html 
 
[I quote from David Hestenes in FOUNDATIONS OF MECHANICS.] 
    Section I. Models and Theories 
... 
    Theory 
... 
A scientific theory can be regarded as a system of design principles for modeling real 
objects. The theory consists of: 
   I. A framework of generic and specific laws characterizing the descriptive variables of the 
theory. 
  II. A semantic base of correspondence rules relating the descriptive variables to properties of 
real objects. 
 III. A superstructure of definitions, conventions and theorems to facilitate modeling in a variety 
of situations.  
... 
The key concept in a scientific theory is the concept of a scientific law, so it should be 
explicated carefully. A scientific law is a relation or system of relations among descriptive 
variables presumed to represent an objective relation or pattern among the corresponding 
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properties. If the relation is among physical variables, it is called a physical law. Most physical 
laws are formulated as mathematical equations. Scientific realism maintains that it is important to 
distinguish between a law and the objective pattern it represents, because the latter is an 
unchanging property of the real world while the former may be changed when we understand the 
world better. ... 
 
There are several types of law. The generic laws of a theory define the basic descriptive 
variables of the theory. The generic laws of Classical Mechanics fall into two groups: 
(a) The Zeroth Law, which defines the concepts of position, motion and composition of bodies, 
and 
(b) Dynamical Laws (Newton’s Laws), which implicitly define the concepts of mass and force. 
The Zeroth Law is so general that it belongs to every physical theory; indeed, it is presumed 
(tacitly at least) in every scientific theory. The Dynamical Laws apply only to material objects. 
... 
The specific laws of a theory specify relations among the descriptive variables defined by the 
generic laws. As a rule they apply only to special circumstances, whereas the generic laws are 
presumed to hold in every application of the theory. The specific laws of Classical Mechanics 
are interaction laws such as Coulomb’s Law, Newton’s Law of Gravitation and Stokes’ Law of 
fluid friction. 
 
Taking the Zeroth Law for granted, the other basic laws of any scientific theory can be classified 
into dynamical laws, which determine the time evolution of state variables, and interaction 
laws, which interrelate the state variables of different objects. 
 
The basic laws of a theory are included in the theory by assumption. The superstructure of the 
theory also contains derived laws, such Galileo’s law of falling bodies. As a rule, the scope of a 
basic law is much wider than the scope of a derived law. ... 
 


