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On studentsô 

misunderstandings  
¸McClelland 1985; Halloun & Hestenes 1985; 

¸Bliss & Ogborn 1994; Hijs & Bosch 1995; 

Rowlands et al. 1999; Lozano & Cardenas 2002 

¸On the relationship between force and motion: 

Peters 1985; Halloun and Hestenes 1985; Galili & 

Bar 1992; Lombardi 1999; Carson & Rowlands 

2005; Smith & Wittmann 2008 

¸Teaching strategies developed: Arons 1990; 

Hestenes 1992; Rowlands et al. 1998; Stinner 

2001; Galili 2001; Seker & Welsh 2006.  



Kinds of definitions of force  

¸       = mἩ 

 

¸Force is the cause of acceleration 

¸Force is the effort felt by the pulling or pushing of 

an object 

¸Force is the product of mass and acceleration 

F 



Force-product 

¸FlieÇbach 2007: ñNewtonôs second axiom 

embraces the following definitions and 

affirmations:  

¸Definition of mass; 

¸Definition of force 

¸[é]ò (p. 13-14). 

¸                       Def. of mass: m=F/ Ἡ 

¸                       Def. of force: F=ma 

 

 



HS: Mach 1868 

¸Criticism: 

¸m=W/g  

¸W=mg 

 

 



Force-effort  

¸      =mἩ 

¸Nolting 2005: ñThe concept of force can only be 

defined indirectly through its effects. If we want to 

modify the state of movement or the shape of a 

body, for example, using our muscles, then an 

effort will be necessary [é] This effort is called 

force [é] We observe everywhere in our 

environment changes in the states of motion of 

certain bodies [é] We see their causes equally in 

forces, which in the same way as our muscles, act 

on the bodiesò 

F 



HS: Reech 1852 

 

 ¸Andrade 1898: óóCertain spirits despise the 

common idea of force, as furthermore, they 

despise the notion of muscular force. This disdain 

does not seem justified to me, since the only 

common notion of force is the fruitful notion; 

mechanics, we admit clearly, is essentially 

anthropomorphicôô. 

 

¸Poincaré 1900, the anthropomorphism cannot 

provide the foundation of anything truly scientific 

or philosophical. 

 



The most common concept of force 

  
¸       = mἩ 

 

¸Feynman 1974: ñIf an object is accelerating, some 

agency is at work" (§ 9-4). 

 

¸Wolfson & Pasachoff 1990: "Why are we so 

interested in knowing about forces? Because 

forces cause changes in motion" (p. 76). 

 

F 



Force-cause 

¸Euler 1736, Lagrange 1787-8, Poisson 

1833, Coriolis 1844, F. Neumann 1883, 

Thomson & Tait 1890, Voigt 1901, Webster 

1904, Planck 1916, Lenard 1936, 

Sommerfeld 1947, Schaefer 1962, Budó  

1974, Eisberg & Lerner 1981, Hestenes 

1987, Alonso & Finn 1992, Knudsen & 

Hjorth (1996), Sears & Zemansky 2004, 

Gerthsen 2006, Kuypers 2008, é(Coelho 

2010) 



Criticism 

¸DôAlembert 1743, L. Carnot 1803, 

Kirchhoff 1876, Hertz 1894, Poincaré 1897, 

Hamel 1912, Platrier 1954, Ludwig 1985, 

Wilczek 2004-5.  



Criticism 

  ¸      =mἩ 

¸Hamel 1912: óóForce itself, however, we do not 

define as cause of motion, force is a thing of 

thought and not a natural phenomenonôô. 

¸Platrier 1954: óóIn fact, force is only a human 

concept and we have no knowledge of the 

profound cause of motionsôô.  

¸Wilczek 2004: óóBy comparison to modern 

foundational physics, the culture of force is 

vaguely defined, limited in scope, and 

approximateôô (p. 12). Assumptions concerning 

force are óóa sort of folkloreôô (2005, p. 10). 

F 



Carson & Rowlands 2005 (ST) 

¸ñThe problem is that we do not observe or 

experience óforceô as suchò (p. 474).  

¸ñit is difficult to see how force can be 

abstracted from experienceò (p. 479). 



Force-cause 

¸There is a logical reason for this concept of force. 
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2. The law of inertia  

¸Newtonôs first law:  

    ñEvery body perseveres in its state of resting or of 

moving uniformly in a straight line, as far as it is 

not compelled to change that state by impressed 

forcesò (1726, p. 13). 

 

¸LI: óa free body has constant velocityô 

¸Free body  ÃÏÎÓÔÁÎÔ ÖÅÌÏÃÉÔÙ 

 



The link with force 
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¸Free body  constant velocity 

¸               P  Q 

¸ (P  Q)  (-Q  -P) 

¸LI  (- const. velo.  - free body) 

 

¸                                               

 

 

- const. velo. - free body 

a F m 



 

 

             A Problem with the law 

 
Voigt 1901, Planck 1916, Nielsen 1935, Becker 

1954, French 1971, Budò 1974, Bergmann & 

Schaefer 1990, Nolting 2005 (Coelho 2012). 



Planck  1916: ñThe first question that we want to answer is the 

following: how does a material point move [é] when it is 

completely isolated [...] this experiment cannot be carried out [é] 

It can even be doubted, if the question asked above has some 

meaningò. 
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Matthews 2009 (ST): ñwe never see force-free behaviour in 

nature, nor can it be experimentally induced, so what is the source 

and justification of our knowledge of bodies without impressed 

forces?ò  



Stachel 2005 

¸ñThe presence of gravitation effectively 

nullifies the distinction between forced and 

free-motionsò (p. 24). 

 

 



Nagel 1961 (PS) 

¸ñWhy should uniform velocity be selected 

as the state of a body which needs no 

explanation in terms of the operation of 

forces, rather than uniform rest or uniform 

acceleration (such as motion along a 

circular orbit with constant velocity) [é]?ò 

(p. 177). 
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      - (P ᾿ U) = -P ῀ - U 
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      least curvature and    uniform (Hertz) 

 non-least curvature  or    non-uniform 

 

  



HS: a motion of reference? 

 - rectilinear        and   uniform  (Newton)     

 - geodesic          and    uniform  (Euler) 

  - circular            and    uniform  (Lagrange) 

 - least curvature and    uniform  (Hertz) 

           Path            and    How the path is covered 

 

  



Logical connection  

¸Motion of reference:  

    Path ᾿ How it is covered 

  

 Force: 

 - P ῀ - U 
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