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0. Introduction 

 

 The main goal of this thesis is to reconstruct the formal philosophy of science of Gottfried 

Wilhelm Leibniz. It brings together two disciplines – logic and physics (mechanics) – and show 

that they informed each other throughout the development of Leibniz’s thought. 

 The main hypotheses are (1) that Leibniz had developed an elaborate physical methodology 

based on his formal logical ideas; and (2) that his physical research has contributed to the 

development of his logical system. If (1) is established, then Leibniz’s scientific methodology 

could be seen as an early modern formal philosophy of science. It is known that Leibniz has 

developed a logical system equivalent to the 19th-century algebras of logic.1 Despite 

foreshadowing the latter by 160 years, he never published his findings and they went largely 

ignored.2 As a result, his physical methodology which was built on logical foundations is 

underappreciated. Hypothesis (2) challenges a common view that the development of particular 

sciences in Leibniz was an outcome of more fundamental, metaphysical considerations.3 I argue 

that the development was in fact parallel and the influence of ideas was reciprocal.4 

 There are two principal arguments for the first hypothesis. Firstly, Leibniz had a broad 

logical project called characteristica universalis.5 He envisioned it as a universal systematic body 

 
1 It is demonstrated that Leibniz’s logical principles can produce a logical calculus equivalent to a Boolean semi-
lattice. See Malink and Vasudevan (2016), Mugnai (2016). The claim has been proposed earlier, see Dürr (1930). 
2 Leibniz’s logical writings were rediscovered mainly through their publication in C and, to a lesser extent, in Russell 
(1900). Couturat also produced an early study of the manuscripts in Couturat (1901). 
3 The dominating paradigm in the Leibnizian studies is that Leibniz’s physics was built on metaphysical foundations, 
see Hannequin (1906), Gueroult (1934), Garber (1985, 2004, 2009), Wilson (1989). 
4 This general intuition is expressed by Couturat: “[characteristica universalis] rests on the first principles of the 
sciences but does not presuppose their completion. On the contrary, it will be developed and perfected along with the 
sciences, whose instrument it will be” (Couturat 1901: 64). 
5 General description of characteristica universalis can be found in Antognazza (2009: 92–113) and Wilson (1989: 
7–44). More technical accounts are Rescher (1954), Mates (1986), Ishiguro (1972, 1990), Mugnai (1976, 2016, 2017, 
2018), Duchesneau (1993), Lenzen (2004), Leduc (2014) et al. 



Leibniz’s Logical Foundations of Physics 

4 

of knowledge that consisted of an ideal language for denoting concepts and a calculus of logical 

relations among propositions. The most important logical relation was demonstrability. Leibniz 

had conceived of demonstration as a reduction of propositions (A=B) to formally identical 

statements (A=A) which he held to be the only evident truths. The reduction was carried out by 

substituting terms (B) for their definitions (A). This, in turn, was enabled by the Leibnizian 

principle of substitution salva6 according to which if A coincides with B, then A can be substituted 

for B, and vice versa, in every proposition. These general features of the characteristica were 

supposed to apply to all sciences that fall under its scope; and physics was such a science.7 

Therefore, physics had to be subjected to the formal procedures of the characteristica. 

Second, according to Leibniz’s reformed vision of mechanics,8 it is necessary to reduce all 

physical laws which govern motion and collisions9 to a single principle. Just as in geometry the 

founding axiom is that the whole is equal to all the parts, in mechanics the founding axiom is that 

the full cause and entire effect are equipollent, i.e. have the same force. Leibniz gives a logical 

argument that full cause and entire effect are like antecedent (prius) and consequent (posterius) in 

logic, i.e. that it is a necessary relation. He also claims that every necessary relation is demonstrable 

and also that every demonstration is carried out through the reduction to identities. Therefore, 

 
6 The best known principle of substitution is salva veritate (identical terms can be substituted in every proposition 
retaining their truth) but recent scholarship – De Risi (2007, 2016) and Rabouin (forthcoming), including this thesis – 
has shown that there are kinds of formal substitution in Leibniz which retain quantity (salva magnitudine, salva 

quantitate, etc.). 
7 Even Leibniz’s most parsimonious outlines of the characteristica included physics. See A6.4.361, Couturat (1901: 
141). 
8 The argument is most clearly stated in A8.2.133–135 but it reappears in different forms in Leibniz’s later writings. 
9 Leibniz was engaged with different rules of collisions presented initially by Rene Descartes, and later John Wallis, 
Christopher Wren and Christiaan Huygens, see Murray, Harper, Wilson (2010) and Hall (1975). 
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cause and effect are finally reduced to something identical10 as prescribed by the formal method 

of demonstration in the characteristica. 

 The second hypothesis is established in relation to contemporary scholarship on Leibniz’s 

mathematics and geometry (two other disciplines that are subject to the characteristica). Mugnai, 

De Risi, and Rabouin have argued11 that in geometry and mathematics Leibniz relied on the 

relations of geometrical similarity and equality to enable the substitution salva. In fact, the formal 

method of demonstration applied to geometry and mathematics was developed prior to Leibniz’s 

chief logical text Generales Inquisitiones (1686).12 Based on hypothesis (1), the same could be 

said about the equipollence relation in physics which was formulated as the formal foundation of 

physics in 1676 and applied practically in 1678.13 Yet Leibniz continued to develop his physics 

well into the 1690s, thus profiting from later logical ideas. Therefore, there was a reciprocal 

influence between logic and physics in the development of Leibniz’s thought. 

 This result intervenes in a prominent debate in Leibniz scholarship concerning his 

philosophy of science. In 1985 Garber captivated Leibnizian scholars by asking how Leibniz 

reconciled his idealist metaphysics in which the world consists of simple mind-like substances 

with his physical research.14 Garber saw natural science as incompatible with idealism and 

concluded that Leibniz must have believed in “real” bodily substances to practice physics. A 

number of contemporary scholars followed Garber in the search of “realist” (as opposed to 

“idealist”) foundations of physics.15 Gradually the problem became one of the driving forces in 

 
10 This was first observed by Couturat: “necessary propositions alone are identical propositions [...] In sum, axioms 
can indeed be demonstrated by means of definitions but their foundation [...] is in the principle of identity.” (1903: 
199). 
11 Most relevant studies are Mugnai (1992, 1990, 2012), De Risi (2007, 2016), and Rabouin (2013, forthcoming).  
12 This is especially emphasized in Rabouin (forthcoming: 141). 
13 The works that I have in mind are De Arcanis motus (1676) and De corporum concursu (1678). For commentary 
see Fichant (1994, 2004). 
14 See Garber (1985). Later Garber seems to have had a varying position on this, see Garber (2004, 2009, 2011).  
15 Examples include Phemister (2005), Hartz (2007), Garber (2009), et al. 
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the interpretation of Leibniz. This project seeks to change the perspective: by hypothesis (1), 

Leibniz had developed his physical science based on his logic rather than metaphysics; and 

following hypothesis (2), Leibniz’s natural science had a partly independent development which 

itself informed both logic and metaphysics. 

 On a broader scale, it is usual to present 17th-century science as intermingled with 

metaphysics.16 Scientific methodology is most often associated with 18th–20th Centuries beginning 

with the members of the Berlin Academy of Sciences like Pierre Louis Maupertuis, Leonard Euler 

or Joseph-Louis Lagrange and continuing later on with Ernst Mach, Frank Ramsey, and the 

members of the Vienna and Berlin Circles.17 Even in the rare discussion of the history of 

methodology it is more common to encounter Francis Bacon, Isaac Newton or more recently 

Émilie du Châtelet.18 By hypothesis (1), Leibniz not only had an elaborate scientific methodology 

 
16 Influential examples of the metaphysical reading include Koyré (1968), and more recently Garber (1992, 2009). A 
critical stance is represented in Hatfield (1990). 
17 For the overview of the history of the Prussian Academy of Sciences see Leduc (2015), Lyssy (2015) et al. Mach 
became the first chair in philosophy of science in 1895. Ramsey formulated his formal account of a scientific theory 
in Ramsey (1929). More famous members of the circles include Rudolf Carnap, Moritz Schlick, Hans Reichenbach, 
and Carl C. Hempel who contributed to formal philosophy of science. See an overview in Nekrašas (2015).  
18 See the Stanford Encyclopaedia of philosophy entry on the “Scientific method” (Andersen and Hepburn 2016). A 
recent monograph exposing Bacon’s influence is Jalobeanu (2015). The discussion of Émilie du Châtelet can be found 
in Daftelsen (2019), for Newton see Janiak (2008) and Buchwald and Cohen (2001). 
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but he developed it with formal tools (such as his 

theory of demonstration and substitution salva), 

thereby producing a formal philosophy of 

science.19  

 Partly due to the sheer amount of texts that 

Leibniz wrote,20 and partly due to specialization in 

academia,21 Leibnizian scholarship tends to focus 

on isolated aspects of his thought. Interdisciplinary 

studies are rare.22 However, Leibniz’s major works 

in logic and physics often accompanied each other 

(fig. 1). The tendency to analyze them separately 

can have an anachronistic effect.  

 Therefore, the thesis follows the 

chronological order of Leibniz’s works in both 

physics and logic with the intention to capture the 

interrelation of these sciences. More specifically, 

the focus is directed at Leibniz’s early physical 

works and the subsequent reformation of 

mechanics. Beginning with the earliest physical 

 
19 There are some hints at this in Couturat (1901), Duchesneau (1993), and Rabouin (2013, forthcoming) but none 
focus on developing the relationship between logic and physics specifically. 
20 Leibniz’s Nachlass contains, by varying accounts, 50,000–57,000 items which amount to 100,000–200,000 
manuscript pages mostly in Latin and French (see Schröter 1969, Mates 1986: 34, Strickland 2006: 3). 
21 It has been observed in the sociology and history of science that specialization results in anachronism (see Collins 
(2008)) and early modern scholars are becoming increasingly aware of it, see Smith (2011: 18, 2015: 12–13), Kusch 
(2013: 92), et al. 
22 Some notable exceptions are Duchesneau (1993), Goethe, Beeley, Rabouin (eds., 2015), Antognazza (2007), De 
Risi (2007), Garber (2009), and Arthur (2018), however, none of them focus explicitly on Leibniz’s logic and physics. 
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texts (starting around 1669), the reformation is followed up until the composition of the De 

corporum concursu (1678) and the related texts.  

In Chapter One “Leibniz’s Preliminary Thoughts on Hypotheses” the initial point of 

Leibniz’s physical research is discussed. It appears that Leibniz has begun his quest for a physical 

system by considering two ways in which motion can be studied: the abstract way which relies on 

the geometrical explanation (phoronomy), and the concrete or experimental way. Leibniz realized 

that the two approaches can produce contradictory results. Therefore, he accepted that the role of 

hypotheses in physics was to reconcile the conclusions of phoronomy and experimentation. He 

also employed the nominalist tradition to propose a criterion of evaluating such reconciliatory 

hypotheses: “A hypothesis is the better, the simpler it is [Hypothesin eo esse meliorem, quo 

simpliciorem]”, which in turn means that “in giving causes to what appears the best [hypothesis] 

is that which presupposes the least for granted” (A6.2.428). 

In Chapter Two “Methodology in the Early Physics” Leibniz’s preliminary methodological 

ideas are tracked in his two physical treatises – the Theoria motus abstracti (1671) and Hypothesis 

physica nova (1671). Leibniz has consistently adhered to his initial methodology and divided his 

physics into two parts, an abstract geometrical account and an experimental part which proposed 

the reconciliatory hypothesis. That hypothesis was his notion of ether. The application of the 

hypothesis comes out most clearly in Leibniz’s study of the elastic collisions and mutual 

rebounding which are not part of the abstract laws of motion but are consistently observed in 

experiments. According to Leibniz, his hypothesis of ether is able to explain how elastic collisions 

arise from the abstract laws. 

Chapter Three “Leibniz’s Ambitions and the Reception of the Early Physics” is dedicated 

to the subsequent correspondence, mainly with Henry Oldenburg and Hermann Conring, in which 



0. Introduction 

9 

Leibniz defended his early physical treatises. In his letters Leibniz presents his physical system as 

superior to the competing theories because of the methodological advantages. He presented his 

two works – the Theoria motus abstracti and Hypothesis physica nova – as the simplest 

explanation which reconciles the abstract and concrete ways of studying motion. Others, according 

to Leibniz, have either ignored this important distinction or have produced less elegant systems. 

In Chapter Four “Abandoning the Early Model: Theology and Metaphysics” the main 

question is why Leibniz abandoned his early system. Two suggestions are derived from his own 

writings – that the earlier system did not properly account for the activity of substances and the 

impenetrability of bodies.  However, it seems that the early system was in principle capable of 

explaining both of these phenomena. In the early system, it was true that every body must act, 

while impenetrability was explained through the composition of conatus. An additional suggestion 

is made that the early system did not allow for a meaningful explanation of the mystery of the 

Eucharist. Leibniz saw that the same problem caused great turmoil for Cartesian philosophy, and 

this might have been another motivation for abandoning the early physics. 

Chapter Five “Logical Foundations of the Reformed Physics” presents an argument that 

although metaphysics and theology were reasons for Leibniz’s abandoning the early physics, they 

did not provide sufficient grounds for constructing a reformed physics. While the issues in 

metaphysics and theology answer the negative side of Leibniz’s reformation, they are not sufficient 

for the positive account. Instead, the positive account emerges from Leibniz’s rethinking of what 

are the foundations of physical science. He rethinks this question in relation to the foundational 

studies by Simon Foucher and Edme Mariotte as well as his own logical and encyclopedic 

investigations. He finally arrives at the following line of argument: 
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“Since cause and effect [...] are necessarily connected with each other, it is necessary that 

this connection can be demonstrated, for every necessary proposition is demonstrable (at 

least by someone who understands it). However, every demonstration is done through 

definitions and by reduction to identical propositions. It is therefore necessary that cause 

and effect should end up perfectly resolved into the same. [...] Also, such an identity can 

consist only in something in which they come together [conveniunt]; and they come 

together in the fact that both cause and effect have a certain force [potentiam], i.e. the 

ability to produce another effect” (A8.2.135–136).  

 

In other words, Leibniz arrives at the demonstrative conception of physics in which physical truths 

are demonstrated by the substitution of terms and reduction to identities, and the founding identity 

of physics is the equipollence of full cause and entire effect (the Equipollence principle). The 

Equipollence principle can be interpreted as a virtual identity by referring to Leibniz’s logical 

works in which force is treated as a philosophical abstract and “identities” are interpreted as 

various relations that enable the substitution salva veritate, salva quantitate, or salva qualitate. 

In Chapter Six “Hypotheses and the Relativity of Motion” we pass from the discussion of 

the logical foundations of physics to the relativity of motion which was another methodologically 

important part of the reformed mechanics. Three readings of Leibniz’s relativity are presented – 

the realist, the aetiological, and the instrumentalist. The first claims that causes make motion real; 

the second maintains that they do not make motion real but hypotheses can determine a frame of 

motion with certainty; the last maintains that frames of motion can never be determined with 

demonstrative certainty and causal hypotheses only compete in simplicity. Some arguments for 

the third reading are presented. It is argued that in the reformed mechanics hypotheses are different 
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configurations of objects in motion which are equivalent, decided by their simplicity, and cannot 

achieve the certainty of formal demonstrations. 

 Chapter Seven “Methodology in the Reformed Physics: De corporum concursu (1678)” 

analyzes the application of Leibniz’s reformed mechanical methodology in a major physical 

treatise, the De corporum concursu (1678). It contains the first formulation of Leibniz’s three 

dynamical equations – the conservation of absolute force as  

(l1) ��� + ��� = ��� + �	�; 

the conservation of the common center of gravity as 

(l2) �� + �� = �� + �	; 

and the conservation of distance or relative speeds as 

(l3) � − � = 	 − �. 
It is argued that the justification of these equations followed Leibniz’s logical foundations of 

physical calculus. This chapter presents a diachronic (using Leibniz’s original notation) 

reconstruction of Leibniz’s derivation of the three laws in parallel with the previously established 

logical foundations. It appears that the latter played a major role in justifying Leibniz’s discovery. 

In particular, the Equipollence principle served as the foundation of both denying the Cartesian 

conservation principle and demonstrating the conservation of vis viva.  

The final Chapter Eight “Methodology and Ontology: What Really Are Foundations?” 

presents a more general treatment of Leibniz’s views on methodology and metaphysics. The main 

claim of this chapter is that according to Leibniz’s logical foundations of physics, physics does not 

imply a certain ontology and the foundations of physics should be understood as grounding 

physical science rather than physical reality. 
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1. Preliminary Thoughts on Hypotheses 

1.1. Initial methodological developments: De Rationibus motus (1669) 

 The starting point of Leibniz’s research in physics can be found in a 1669 piece called De 

Rationibus motus (A6.2.N381), which is the earliest paper in a series of preparatory writings 

towards the 1671 Theoria motus abstracti (A6.2.N41). It opens with a formulation of Christiaan 

Huygens’ laws of motion published in the Philosophical Transactions of 12th of April, 1669.23 The 

previous year (1668) the Royal society had asked Huygens, Wren, and Wallis to submit their 

accounts of the laws of collisions. Wren and Huygens provided rules for elastic collisions while 

Wallis dealt with inelastic collisions. What they had sent to the Philosophical Transactions was 

mostly an exposition leaving their fuller accounts and arguments for other publications.24 Although 

Wren’s and Huygens’ accounts were remarkably similar,25 only Wren’s version was published in 

the following issue of the Philosophical Transactions which caused Huygens to object to the 

secretary of the Royal Society, Henry Oldenburg.26 

 In the De Rationibus motus Leibniz recognized that Huygens had voiced accusations of 

plagiarism against Wren. However, he explained that “perhaps there is no reason to quarrel; 

besides I think they both miss the target. Thus, I propose my considerations [philosophemata] on 

motion“ (A6.2.159).27 As we shall see, Leibniz used the laws of collision equivalent to both 

 
23 For background see Boas Hall (1975: 188). Also, Antognazza (2009: 132n139). Further analysis and translations of 
primary texts are provided in Murray, Harper, and Wilson (2010). 
24 Wallis soon published his Mechanica, sive de motu tractatus geometrico (1670-71) grounding his conception of 
inelastic collisions. Wren did not write extensively on the laws of collisions afterwards but made experiments on 
elastic collisions from around 1661 to 1668 when the issue came up at a Royal Society meeting. 
25 There were some differences between them, e.g. Wren does not state a principle of conservation in any form. For a 
commentary see Meli (2006: 234-236). 
26 Huygens’ ground for objection was the meeting he had in London on April 23, 1661 with a group of English 
mathematicians, including Wren. During the meeting Huygens has solved some outcomes of collisions without 
revealing the rules. Wren had discovered the outcomes only experimentally by that time. See Bennett (2002: 71ff). 
27 Tho emphasizes that “Leibniz was so inspired by reading Huygens’ argument in 1669 that he copied the argument 
(rather than the arguments of Wallis and Wren)” (2017: 46n). However, there does not seem to be much fascination 
in Leibniz’s attitude here. He explicitly notes that “I think they both [sc. Huygens and Wren] miss the target” 
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Huygens and Wren as a stepping stone but also developed his own methodology of mechanical 

science which was significantly different from both of them. 

 The initial part of the De Rationibus motus is dedicated to methodological considerations 

about how motion should be studied. The very first proposition in the De Rationibus motus relates 

directly to the methodology of studying motion:  

 

“Motion can be treated in two ways – by reason and by senses, and senses cannot prejudge 

reason while reason can prejudge senses. It means that when senses appear to contradict 

reason, we must conclude that there is something that cannot be sensed except for that 

particular effect: ἐναντιοφανείᾳ” (A6.2.159). 

 

 In other words, motion can be studied abstractly (in geometrical, or phoronomical terms) 

and by experimental observation. However, the phoronomical laws are primary because 

observations cannot prejudge them; i.e. observations do not influence the a priori reasoning about 

motion. In case a posteriori observations seem to contradict abstractly and independently 

established laws, we must conclude that there is something phoronomical behind the phenomena 

that makes them appear this way. 

 So, Leibniz seems to be formulating a hierarchy of abstract phoronomical laws and 

experimental observations. Consider the following line of thought: There are antinomies between 

phoronomy (the abstract study of motion) and experience. Antinomies can be resolved by a 

hypothesis that reconciles phenomena and phoronomy. Experience cannot prejudge phoronomy 

but phoronomy can prejudge experience. Therefore, phoronomy must also prejudge the 

 
(A6.2.159). Leibniz took the rules of Huygens as a reference point but, as we shall see, his goal was to develop his 
own system based on antinomies between experience and phoronomy. 
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reconciliation – the hypothesis – to be compatible with the phoronomical laws. Otherwise, the 

hypothesis would create a new antinomy thus entering a regress.  

 For example, if a phoronomical law claims that equal bodies do not rebound in a straight 

collision with equal speeds, and experience claims that they do rebound, and the new hypothesis 

explains that there is an insensible cause of this rebounding which still contradicts a phoronomical 

law, then the antinomy is not solved but only replaced by another antinomy which itself would 

require another hypothesis, etc. 

 Therefore, if a hypothesis is thought to reconcile phoronomy with experience, it must obey 

phoronomical laws, i.e. it cannot contradict them. This is the sense of Leibniz’s phrase “senses 

appear to contradict reason” (apparet sensum rationi contradicere, A6.2.159). Senses cannot in 

principle contradict the established abstract laws because when they appear to do so we are not 

forced to review the laws but to accept an ἐναντιοφανείᾳ – an antinomical case – and explain how 

this effect can arise from something insensible but also non-contradictory to the laws of 

phoronomy. 

 The choice of the Greek term “ἐναντιοφανείᾳ” (equivalent in use to the Latin antinomia) 

comes from a legal context. It corresponds to a part of the Renaissance and early modern legal 

studies of Codex Justinianus which focuses on antinomies between different laws in the Codex. A 

prime example of this is a treatise by Giulio Pace da Beriga Ἐναντιόφανων seu Legum 

conciliatarum centuriae VII (1586).28 Pace da Beriga names four inevitable causes of antinomies 

 
28 Beeley finds even deeper roots of this tradition in the Byzantine 7th-9th Centuries: “Already an anonymous seventh-
century Byzantine author, appropriately called Enantiophanes, and possibly also Photius in the ninth century, sought 
to show that contradictions in the Bible as well as in ecclesiastical and secular law are in fact purely ἐναντιοφανείαι” 
(Beeley 1999: 136-137). Although this is true, the influence of the humanist lawyers like Beriga, Francis Hotman, 
Hugo Grotius, and Nicolaus de Passeribus (rather than Enantiophanes) is more likely, since Leibniz was well-
acquainted with that tradition and makes frequent references to it (See Nova methodus, part II, § 48, A6.1.327 and § 
51, A6.1.328-9). 
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in the Codex: addition of new laws, uncertain status of some established laws, emendations and 

commentaries, and the ambiguity of the language of the constitution. Leibniz agreed with Pace da 

Beriga that no legal codex is free from antinomies and that the Justinian codex contained relatively 

few of them, so it was not a fatal flaw (A6.2.95). Leibniz wrote: “Thus, a disturbing question: are 

there antinomies in law? I have no more doubt about it than I do about this line of Horace: atque 

opere in magno fas est obrepere somnum” (A6.1.328).29 Analogically, antinomies of phoronomy 

and experience in a physical theory are inevitable but it does not constitute a fatal defect of that 

theory as long as reasonable hypotheses are made to solve them. 

 Furthermore, Leibniz wanted to find a methodical way to deal with antinomies both in law 

and in physics. The reconciliation of antinomies in jurisprudence, according to Leibniz, deserved 

a special sub-discipline called juridical logic.30 He was planning a fuller exposition of this 

discipline in a piece called Commentario de Arte Solvendi Antinomiae but he never composed it.31 

Nevertheless, in §51 of the special part of Nova Methodus Leibniz presents a kernel of the idea 

behind juridical logic: “The art of solving antinomies consists in accepting that a certain subject 

or predicate is to be seen differently in this or that law or proposition, or that they both are one and 

the same” (A6.1.329). In other words, faced with an antinomy between laws we must conclude 

that the subjects or the predicates that seem to be in contradiction, must be either different in 

different laws (if the antinomy arises from them being the same) or the same in both laws (if the 

antinomy arises from them being different). 

 
29 The actual verse is: verum operi longo fas est obrepere somnum and some editions read verum opere in magno fas 

est obrepere somnum (Ars poetica, 360). Leob classic translation is rendered as: “but when a work is long, a drowsy 
mood may well creep over it” (Fairclough, 1926: 481). 
30 Thiercelin has written extensively on the concept of juridical logic in Leibniz. See Thiercelin (2008). Also cf. 
Kalinowski (1977). 
31  Johann Christoph Hartung wrote to Leibniz in February, 1693 inquiring about the project of Ars conciliandi 

antinomias ad logicam juridica (A2.2.670). Hartung was about to teach a similar course in Jena and wanted to know 
whether Leibniz has made progress on this subject. Leibniz responded in the negative (A2.2.689). Leibniz also 
mentions this exchange to Johann Heinrich Pape in December, 1693 (A2.2.771).   
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 To see the analogy between jurisprudence and physics let us consider an example of a 

physical antinomy that Leibniz gives in §3 of the De Rationibus motus: “It appears to the senses 

that a big resting object cannot be impelled by some smaller object, so we see that a thrown rock 

does not tear loose a house. However, reason demonstrates something very different: that a resting 

object, however big, is impelled by the motion of however small an object, no matter what is its 

motion” (A6.2.159).32 Leibniz goes on to argue that since experience also testifies that a big resting 

object (B) can be impelled by a small but very fast object (A), it means that A would impel B even 

with a slow motion because if A did not impel B at all, then no matter how many times one 

multiplies the proportion of speed to size difference, there would still be no effect since it would 

be multiplied by zero. The only conclusion that Leibniz sees fit for this antinomy is that even the 

slowest A impels B to some imperceptible degree. The imperceptible motion of B cannot be sensed 

but it produces the perceived effect of a stable house.33  

 The postulation of the imperceptible motion of B as a reconciliation of phoronomical laws 

and experimental observations is the archetype of Leibniz’s early method of hypotheses. A 

physical antinomy resembles a difficult case in law that cannot be decided unless the terms 

(subjects or predicates) of the laws are redefined.34 Analogically in physics, an antinomy between 

experience (lower law) and phoronomy (higher law) must be solved by redefining the terms in 

favor of phoronomy, i.e. accommodating the observable effects by postulating something 

 
32 What Leibniz claims that “reason demonstrates” (A6.2.159) here is almost verbatim the same proposition as 
Huygens’ 3rd rule of collisions: “A body however great will be moved if impacted by any other body however small, 
with any velocity whatever” (Murray, Harper, and Wilson, 2010: 156). 
33 This example carried through to the Hypothesis physica nova as well: § 14: “While in the free and natural state 
whatever big [quantity] can be moved by a however small one, in the present systematic state and, as I would say, in 
the civil state, the motion can only be proportionate” (A6.2.227). 
34 Leibniz in fact considers casus perplexi to be a special – indirect – kind of antinomy, see A6.2.94. 



Leibniz’s Logical Foundations of Physics 

18 

insensible yet compatible with phoronomical laws. That postulation is what is considered 

hypothetical. 

 Leibniz’s hypothetical strategy is grounded in the fact that experience and observation had 

intrinsic flaws in building the foundations of the laws of motion.35 In the §6 of the De Rationibus 

motus, he claims that experience is far removed from the study of motion, as it is from geometry 

(A6.2.160). In the second preparatory work towards the Theoria motus abstracti immediately 

following the De Rationibus motus (A6.2.N382) Leibniz proposes three reasons for why 

experience is not suitable for the study of motion: (1) no sensed body is actually at rest;36 (2) it is 

unclear whether a sensed body is one or many; (3) it is unclear whether a sensed body is in contact 

with another body or not; also, if the contact is on a surface, on a line or on a point (A6.2.166).  

 All of these characteristics of motion that Leibniz claims are ignored by senses eventually 

made their way into the definitions and foundations of the Theoria motus abstracti. Reason (3) 

blurs the difference between tangent (Definition §20) and colliding bodies (Definitions §9–19); 

Reason (2) blurs the difference between unified (Definition §21) and coherent bodies (Definition 

§22); while Reason (1) ignores the foundation concerning rest (Foundation §21).  

 Thus, according to Leibniz’s earliest works as well as the system presented in the Theoria 

motus abstracti, experience cannot accurately capture collisions. Collisions in the Theoria motus 

abstracti require a real contact that Leibniz defines as a merging of surfaces, lines or points of two 

bodies in one instant of time (the Theoria motus abstracti Foundations §15 and §16). It is clear 

from Reason (3) that observations cannot grasp the fact of collisions because it remains unclear 

 
35 The background of a similar hierarchical strategy in Descartes and Hobbes is discussed in Duchesneau (1994: 70-
76). In fact, Leibniz claims in the De Rationibus motus that the hierarchy was widely acknowledged: “I think this was 
acknowledged by everyone who philosophized about motion more precisely: Galileo, Hobbes, Descartes, and now 
also Huygens” (A6.2.159). 
36 The proof that Leibniz provides of this rests on a mechanical view of perception akin to Hobbes’: “Every body that 
is sensed affects the perceiver. Every action of a body is motion. Therefore, every body that is sensed moves.” 
(A6.2.165). See more on this in section 4.1.  
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whether bodies actually colliding or just tangent. It also obscures the mode of collision (is the 

contact on a line, point or surface?). It was thus inevitable that some conclusions of phoronomy 

would be different from our experience of motion. Hypotheses were necessary to reconcile these 

two approaches to the study of motion. 

 The inaccuracies of observation gave Leibniz reason to establish the hierarchy of 

phoronomy and experience and to solve antinomies in favor of phoronomy. As Duchesneau 

explains referring to Leibniz’s early system: “Rules of impact obtained by construction from 

experience do not meet the standard of demonstrative knowledge; for such a knowledge requires 

deductive arguments based on the axioms of geometry and appropriate definitions” (Duchesneau 

1985: 7). It is so because of the limitations of the experience of motion in contrast with abstract 

reasons. The fact that all of the unobservable features of motion made it to the Theoria motus 

abstracti also suggests that Leibniz had a rather continuous view of his methodology from the 

early preparatory works to the completion of the Theoria motus abstracti.37 

 The methodological hierarchy is also seen in a metaphor that Leibniz employs to depict the 

structure of physical science. Beeley has emphasized the importance of the metaphor of “rivers” 

presented in the De Rationibus motus. The metaphor goes like this: “the sources of the arts, 

although they often displease the spoiled because of their dryness and simplicity, flow constantly 

into the most fruitful rivers of the sciences, and finally as if into an ocean of use and practice“ 

(A6.2.160, tr. modified from Beeley 2015: 24). Beeley reads the “rivers metaphor” as proof that 

Leibniz accepts a “fundamental role of mathematics” (Beeley 2015: 24) in the physical science 

and that the metaphor depicts “mathematics metaphorically as the source of the mixed sciences” 

 
37 The development of Leibniz’s methodology between the De Rationibus motus and Theoria motus abstracti is 
discussed in section 2.3. 
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(Beeley 2015: 24). However, in view of Leibniz’s account of the hierarchical methodology, there 

can be an alternative reading of the metaphor. The metaphor itself is presented in §7 of the De 

Rationibus motus right after Leibniz explains the physical antinomy of the (un)stable house.  

 Beeley suggests that the river metaphor refers to the “source of the arts” as “mathematics”; 

but Leibniz never mentions mathematics in the De Rationibus motus. Rather, in §5 he emphasizes 

the fact that the “reasons of motion” must be demonstrated “not from matters of fact or the 

testimony of senses, but from the definitions of terms” (A6.2.160). The most relevant of Leibniz’s 

distinction here seems to be that between the abstract and experimental study of motion which is 

a hierarchical methodological distinction. Thus, the metaphor is most likely referring to 

phoronomy as the source and to the concrete theory of motion, later embodied by the Hypothesis 

physica nova, as the river delta. 

 According to Leibniz, the definitions of a physical theory have to be established before 

they can be applied to experience through a hypothesis. The abstract principles thus descend into 

the “ocean of uses and applications” (A6.2.160) in the same way in which the definitions of first 

terms are applied to hypothetical explanations. Beeley is right that some of the first terms that 

Leibniz intends to use in his physics are mathematical notions – like the “continuum”, “point”, 

“infinity”, etc. – but the metaphor of the river seems to refer to Leibniz’s hierarchical methodology 

of a physical science rather than its mathematization per se.38 

 
38 In his earlier work Beeley actually claims that early Leibniz saw the role of hypotheses as reconciliation: “On the 
question of relation between reason and physical hypothesis Leibniz writes that if a certain proximity to what is 
contrary is discovered it is preferable to look for reconciliation rather than think about overturning the whole 
hypothesis itself” (Beeley 1999: 135) and agrees that there is a hierarchy between phoronomy and observations: “Since 
reason in the form of abstract theory and mathematics represents the source in Leibniz’s river metaphor, it can 
justifiably claim a certain pre-eminence.” (Beeley 1999: 135). In his more recent work, however, he seems to think of 
the “source” as simply “mathematics” (Beeley 2015: 24) which does not precisely correspond with Leibniz’s physical 
methodology. 
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 To recap, Leibniz begins considering physical science by accepting antinomical cases 

between abstract study of motion and experience of motion. Motion cannot be experienced to the 

full extent and thus abstract laws are primary in a physical theory. Therefore, in the case of 

antinomies, abstract laws are preserved because experience has essential limitations in describing 

motion and collisions. Every antinomical case must be resolved by postulating something that is 

not sensed but is consistent with the abstract laws. A cause or motion that is postulated in this way 

was the first model of hypothesis for Leibniz. 
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1.2. Influence of nominalism: Preface to Marii Nizolii Libri IV (1670) 

 The apparent lack of methodological considerations from the subsequent preliminary 

works towards the Theoria motus abstracti (A6.2.N383, 384, 385) suggests that Leibniz was 

satisfied with the conception of a hypothesis as a solution to antinomies. However, the conception 

was lacking the criteria of what a good hypothesis is. Leibniz found inspiration for the evaluation 

of hypotheses in the nominalist tradition. He describes his relation with nominalism in the 

contemporaneous preface to Marii Nizolii de veris principiis et vera ratione philosophandi libri 

IV (1670). 

 The preface to Marii Nizolii libri IV is important for Leibniz’s physical methodology in 

several respects. First of all, it reaffirms his previously established hierarchy between the abstract 

and experimental study of motion. He claims that experience can never attain the level of certainty 

that abstract demonstrations have: “It is evident that induction by itself produces nothing, not even 

a moral certainty, without the support of propositions that depend not on induction but on universal 

reason. For if the supports were based on induction, they would need new supports and no moral 

certainty would be obtained [by following such a regress] to infinity. (A6.2.432/L.29–30). Leibniz 

claims that even induction (systematic observation) cannot be sufficient for studying motion.39 

Induction, according to Leibniz, requires abstract propositions that do not depend on observations 

and cannot be derived from them. Therefore, experience cannot prejudge abstract phoronomical 

laws. 

 
39 Adams interprets the “supports” (A6.2.432/L.29-30) as conditional probabilities: “As the context makes clear, the 
“supports” to which Leibniz refers are in effect propositions assigning conditional probabilities and thus determining 
how the (resulting) probability of general hypotheses is affected by empirical data. If we were to try to justify those 
“supports” themselves by induction or empirical evidence, we could not determine how their probability is established 
by such evidence without further “supports” to tell us the conditional probability; this, Leibniz argues, will lead to a 
vicious infinite regress unless we can rely at bottom on a priori determinations of conditional probability” (Adams 
1994: 201). 
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 However, the text is also important because of Leibniz’s endorsement of the nominalist 

tradition which he calls “one of the most profound [sects] among the Scholastics” (A6.2.427) and 

claims it was “the most fitted for today’s reformed philosophy” (A6.2.427).40 Nominalism is 

important for physical methodology because it introduces the principle of hypothetical simplicity.  

 Leibniz first introduces the nominalist principle in a common formulation: “entities must 

not be multiplied beyond necessity” (A6.2.428) which, he says, is often attacked by claiming that 

it does not do justice “to the fruitfulness of the Divine (in Divinam ubertatem)” (A6.2.428). Leibniz 

responds that those who attack this formulation do not sufficiently understand the essence of the 

doctrine. Its essence, instead, should be understood as: “A hypothesis is the better, the simpler it 

is [Hypothesin eo esse meliorem, quo simpliciorem]”, which in turn means that “in giving causes 

to what appears the best [hypothesis] is that which presupposes the least for granted” (A6.2.428).41 

Leibniz continues with an example from astronomy: if we compare two hypotheses, one which 

explains the motions of planets by postulating simple circular motions (Copernican) and the other 

which presupposes various other motions of the planets (Ptolemaic), then it is certainly the first 

one that is preferable because it presupposes fewer motions by supposedly excluding epicycles, 

eccentric orbits, and equants.42 

 
40 Duchesneau (1994a: 28-29) also emphasizes the importance of the nominalist tradition for Leibniz. Mercer explains 
that Leibniz received his tendency towards nominalism from his teacher Jakob Thomasius: “The nominalism that he 
learned at the university from Thomasius has stayed with him through the decade” (Mercer 2001: 118). 
41 Leibniz’s reformulation of the nominalist tradition and its relation to Hobbes is observed by Fichant (2004: 410-
411). Fichant, however, does not emphasize the connection between Leibniz’s nominalism and his early physical 
methodology. This is found in Duchesneau (1994a: 28-29, 91). Another reading is presented by Di Bella. He claims 
that according to Leibniz: “The core thesis of ‘nominalism’ is identified with a decided ‘Particularist Claim’: all that 

exists (or can exist) is particular” (Di Bella 2005: 24). However, both the “Particularist Thesis” and the simplicity of 
hypotheses are compatible (one is an ontological, the other a methodological principle) and both are accepted by 
Leibniz, so these readings are not conflicting. On Leibniz’s criticism of Nizolius’ universals see Mugnai (2002: 58-
62). 
42 Leibniz’s exact words were: “If some astronomer can account for the celestial phenomena supposing less, that is 
only by simple circular motions, then his hypothesis is surely preferable to the one which requires many intermingled 
orbits to explain the heavens” (A6.2.428). It seems that Leibniz is contrasting the Copernican and the Ptolemaic view 
since Copernicus has postulated that the circular motion is the only motion that is truly uniform, simple and even 
(Copernicus, 1543: bk. 1, ch. 8, 16, ll. 8–15), whereas “Ptolemaic astronomy in its calculations used the following: 
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 The nominalist principle for Leibniz is a double imperative – first, to explain (to give a 

cause to) the phenomena, and second, to presuppose as little as possible in doing that. Leibniz 

understands a simple hypothesis as paucissima gratis supponens. This formulation, according to 

him, is not against the “fruitfulness” but against the “superfluity“ (A6.2.428) of the Divine.43  

 Leibniz also briefly mentions a radical version of nominalism expounded by Hobbes, who, 

according to Leibniz, made truth relative by saying that it depends only on arbitrary definitions: 

“[Hobbes] says that the very truth of things consists in names and, moreover, that it depends on 

human judgement because truth relies on the definition of terms but the definition of terms depend 

on human judgement (A6.2.428–429). In Leibniz’s account of the nominalist history, nominalists 

saw it simpler to reduce universals to words, whereas Hobbes did the same with truth.  

 Leibniz distanced himself from the radical Hobbesian version of nominalism.44 A post-

publication remark on a sentence about Hobbes’ view by Leibniz’s hand reads: “This, however, 

cannot be the case. Just as in arithmetic, so in the other disciplines, the same truths hold despite 

the fact that their signatures change, and it does not matter whether the progress takes decades or 

just a few days” (A6.2.429). Thus, Leibniz held that the redefinition of the axioms or terms changes 

only the presentation but not the truth, as Hobbes would have it.45 However, a change in 

 
(1) the deferent-epicycle-system; (2) the eccentric orbits of ‘planets,’ that is, orbits around the earth where the earth is 
not, however, at the centre; (3) so-called equants, introduced by Ptolemy himself” (Wolters 2015: 47). However, 
modern scholarship suggests to take the simplicity of the Copernican system “cum grano salis, in fact, with the whole 
saltcellar” (Cohen 1985: 111). This stems from the fact that the Copernican system also required epicycles and even 
secondary epicycles, totaling 34 circular motions (Swerdlow 1973: 510). 
43 Detailed commentary on Leibniz’s argument is in Leduc (2006). 
44 On Leibniz’s endorsement of nominalism and the rejection of Hobbes see Duchesneau (1994a: 28-29) and (2005), 
and Mercer (2001: 117-119). Mugnai argues that Leibniz was “fundamentally nominalist” (Mugnai 1992: 22) in 
following the Ockhamist program concerning relations. However, Mugnai also notes that in its full-fledged form 
Leibniz’s account is more akin to “conceptualism” (Mugnai 1992: 22) and Leibniz calls himself a nominalist “only 
provisionally” (A6.4.996). 
45 Cf. Di Bella: “As is well known, Hobbes gave to eternal truths a linguistic (hence conventional) status, locating 
their ground in human will. Since the Preface to Nizolius, Leibniz’s critical assessment of Hobbes implies the rejection 
of this conventionalism” (Di Bella 2008: 498). 
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presentation is not insignificant because it presents a simpler hypothesis (as in the case of the 

Copernican hypothesis).  

 The fact that Leibniz redefines the aim of nominalism in terms of simpler hypotheses 

instead of the maxim “entities must not be multiplied beyond necessity” (A6.2.428) is a significant 

factor for his physical methodology. Without the redefinition, his methodology would fail the 

nominalist criterion of simplicity. In the De Rationibus motus Leibniz had claimed that “when 

senses appear to contradict reason, we must conclude that there is something that cannot be sensed 

except for that particular effect” (A6.2.159). However, if one hypothesizes an insensible cause for 

the phenomena, that cause will be exactly an entity beyond necessity. As we shall see in what 

follows, Leibniz’s early physical project leaned heavily on the hypothesis of ether which was 

postulated hypothetically and supported by its simplicity and explanatory power. It was an entity 

that was postulated rather than discovered or proven, so it was exactly what the misguided 

definition of nominalism would seek to exclude. Thus, the reformulation of the nominalist 

principle allowed Leibniz to propose his physical hypothesis and stay in line with the nominalist 

parsimony. 

 Combing the approaches from the De Rationibus motus and the Preface to Nizolii – the 

hierarchy of phoronomy and experience and the nominalist criteria for the simplicity – we can 

arrive at a unified conception of the hypothetical method in Leibniz’s early physics. In the De 

Rationibus motus Leibniz proposes that a hypothesis serves the particular purpose of reconciling 

abstract laws of motion with experience. Thus, a hypothesis is a postulated (insensible) cause of 

some experience that seems to contradict phoronomical laws. The Preface to Nizolii introduces 

the criteria of simplicity for such postulations. A hypothesis must not contradict phoronomical 

laws; it must explain (give cause to) the phenomena that cause the antinomy with phoronomical 
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laws; finally, it must follow the nominalist maxim of simplicity, i.e. it must presuppose the least 

for granted. This conception can be summarized as follows: 

 A hypothesis H is postulated as (a) an insensible possible cause of experience E, 

where (b) E is antinomical to the set or some subset of phoronomical laws � = {�� … ��}.  

 For H to be true (1) it must not be in contradiction to the set or any subset of L; and 

(2) H must presuppose the least for granted. 

 

We will call this Leibniz’s Early conception of hypotheses. In the following sections we will turn 

to Leibniz’s actual use of the methodology in the Theoria motus abstracti and the Hypothesis 

physica nova and see whether Leibniz really adhered to it. 
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2. Methodology in the Early Physics 

2.1. Phoronomy and hypotheses in Theoria motus abstracti (1671) 

 Since the very first physical writings Leibniz held that “motion can be treated in two ways 

– by reason and by senses” (A6.2.159). Theoria motus abstracti embodied the abstract treatment 

of motion or motion studied by reason. The text of the Theoria motus abstracti proceeds from a 

number of definitions, followed by foundations (fundamenta praedemonstrabilia), then theorems 

which are applied to the special problems (problemata specialia). It culminates with an afterword 

(usus) which describes the potential and novelty of the purely abstract treatment of motion, or 

Phoronomia elementalis.46 

 In the preliminary methodology, Leibniz established that the use of hypotheses is only 

required when there is an antinomy between abstract laws and observation of motion. Moreover, 

Leibniz held that “senses cannot prejudge reason while reason can prejudge senses” (A6.2.159). 

Given the fact that the Theoria motus abstracti constitutes the purely abstract study of motion and 

does not consider experience (which cannot prejudge phoronomy), there should be no need for 

hypotheses within the Theoria motus abstracti. 

 In fact, Leibniz held that the proper distinction between abstract (free of hypotheses) and 

experiential (hypothetical) study of motion is the reason why his theory is superior to the 

competitors.47 In the Usus section of the Theoria motus abstracti Leibniz claims that his 

Phoronomia elementalis as a purely abstract science is something new: “Thus, as far as I know, 

there are no [other] demonstrations of elemental phoronomy (Phoronomia elementalis), although 

 
46 Duchesneau presents a good definition of phoronomia elementalis in the early physics: “In the Theoria motus 

abstracti Leibniz plans to found a phoronomia elementialis which can develop the laws of mechanics in a rational and 
abstract manner, in the likeness of geometry. More specifically, this phoronomia must provide the laws of collisions 
in their broadest generality without starting with the physical phenomena that appear in experience” (Duchesneau 
1994a: 38). 
47 This is seen in Leibniz’s criticism of Huygens, Wallis and others in his contemporary correspondence. For the 
discussion see section 3.1. 
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they might by themselves constitute the aim of a separate science” (A6.2.275). According to the 

established methodology, it seems that elemental phoronomy must forego any use of hypotheses. 

 Yet in the same Usus section shortly afterwards Leibniz adds: “a certain hypothesis was 

also raised and I do not know if clearer and simpler one can easily be thought of” (A6.2.275). 

Certainly, the hypothesis that Leibniz has in mind here is the one mentioned in Problems §11 but 

developed further in the Hypothesis physica nova. It is referred to in the Theoria motus abstracti 

but it does not influence or “prejudge” (using the language of the De Rationibus motus) the abstract 

laws. It is important to emphasize Leibniz’s direct appeal to the simplicity and clarity of the 

hypothesis which was conceived earlier under the influence of nominalism. It appears that Leibniz 

consistently tries to observe the strict division between the abstract and concrete study of motion. 

However, he offers a glimpse of his hypothesis in the discussion of mutually rebounding collisions 

in Problems §11. 

 The chapter of Problemata specialia in general consists of the applications of theorems 

and foundations. For example, §6 considers the problem of how rectilinear motion gives rise to 

circular motion. The problem is solved by employing Theorems §6 and §15 which define, 

respectively, eccentric collisions with resting bodies and the corporeal nature of flexion. Similarly, 

in the Problems §11 Leibniz is explaining how bodies can mutually rebound (repercussionem 

mutuam efficere, A6.2.271); this happens, according to him, “if both bodies are carried by some 

discontinuous liquid which, following Theorem §21, is so subtle that it could pass through the 

poles of both bodies without hindering their occursion” (A6.2.271). 

 Leibniz’s solution strikes as surprising and unintuitive compared to other Problemata 

specialia which were usually explained by reference to previous definitions, axioms, and theorems. 

Also, mutual rebounding in elastic collisions was not something controversial and such collisions 
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were included in both Huygens’ and Wrenn’s rules. On the other hand, if the Theoria motus 

abstracti was supposed to be a treatment only of inelastic collisions, then it seems odd to even 

pose the problem of mutual rebounding. Why was Leibniz offering such a seemingly unnecessary 

and complicated explanation?  

 First of all, in the Definitions §11–13 he distinguishes between two types of collision – 

accursus and occursus. Accursus is the type of collision in which lines of motion of two bodies 

intersect on the side of the receiving body that is moving away.48 Occursus, conversely, is the 

collision in which lines of motion of two bodies intersect on the incoming side. Both of these types 

can be either right or oblique depending on the angle of incidence. This, in turn, can also happen 

with equal and unequal speeds. The combinations of these modes exhaust the possible outcomes 

of collisions, so if bodies ever mutually rebound, it must happen under one of the combinations. 

 Let us proceed by elimination. Cases of unequal speeds (including one resting object) do 

not give rise to mutual rebounding by Theorems §1–6 because the faster object will continue to 

move in the general direction from which it came after the collision. Thus, only the collisions with 

equal speeds are available. In the case of oblique collisions of either type (accursus or occursus), 

the degree of the angle of reflection is a bisection of the degree of the angle of incidence (Theorem 

§8) while the speed of both bodies remains constant. This means that oblique collisions cannot 

result in mutual rebounding because at least one of the bodies will change only the angle and not 

the general direction after the collision. In the case of right accursus, it can either have the angle 

of 90º (which can also be bisected) or never happens at all because two bodies of equal speed never 

collide in a parallel accursus – one never catches up with the other. So, the only option left for 

mutual rebounding should be parallel occursus with equal speeds.  

 
48 Lines of motion are the lines drawn by the geometric center of the body between the initial and final stages of that 
motion, see Theoria motus abstracti, def. §6 (A6.2.263). 



Leibniz’s Logical Foundations of Physics 

30 

 The problem with the parallel occursus with equal speeds is that this type of collision, 

according to Theorem §12, results in the mutual rest of both bodies. This also follows from the 

Foundation §21 in which Leibniz defines the cause of rest as the lack of reason to do anything else: 

“If some [body] cannot act in both ways and causes for both things are equal and there is no third 

option, then the body does nothing. The cause of rest arises from this” (A6.2.268). This is clearly 

the case with parallel occursus because the angle of incidence cannot be unilaterally bisected and 

the speeds are equal. Thus, there is no reason for bodies to change direction and there is no reason 

for one of them to carry the other in its direction. This is set in stone by one of the first occurrences 

of the famous Leibnizian principle “there is nothing without reason” (A6.2.268) in the Foundation 

§24 just a few lines below. 

 The conclusion seems to follow that there is no place for mutual rebounding in the abstract 

laws of motion. Yet mutual rebounding is commonly observed. This antinomy between abstract 

laws and observations becomes Leibniz’s Problems §11.49 Understanding where the problem 

comes from, however, is only part of understanding Leibniz’s solution. As we have seen Leibniz 

believed that mutual rebounding of bodies can be explained through a very subtle liquid; so subtle 

that it would “mutually transfer the opposite impetus to the other body and so not only the 

rebounding but also the exchange of directions and speeds would arise” (A6.2.271). Such subtlety, 

Leibniz says, can be found in the rays of light, in sound, in the magnetic poles, and in ether in 

general. Ether then acquires an immense explanatory power: 

 

 
49 For a supplementary discussion of Problemata Specialia §11 see Duchesneau (1994a: 65-66). 
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“by this subtle carrier will hold the Huygens-Wrenian diversification of motions,50 the 

Cartesian indestructibility of motion (even though dispersion might become insensible) 

[…] the retention of motion in projectiles after the motor has been removed, the principles 

of chemistry, mechanical forces and all the physical phenomena of our planet. On which 

more will be said in the Theoria motus concreti. Therefore, it is possible to derive the 

concrete theory of motion from the abstract theory of motion, and thus to solve the general 

problem of explaining all sensible motions, assuming only the ether” (A6.2.271). 

 

 It appears that Leibniz is postponing the fuller discussion of mutual rebounding to the 

Hypothesis physica nova in which hypothetical explanations will be covered systematically. The 

solution remains fully unexplained within the limits of the Theoria motus abstracti. It is difficult 

to say why Leibniz decided to include it. Perhaps he did not want the members of the French 

Académie des Sciences (to whom the treatise was first sent) to think that his theory only deals with 

inelastic collisions. He knew well that mutual rebounding was described by Huygens and Wren as 

part of their classifications of elastic collisions and Leibniz did have an explanation of them. 

However, his point, which he will repeat often in the near future, is that elastic collisions can only 

be explained by employing a hypothesis and not in abstracto. 

 In any case, Problems §11 offers the brightest glimpse in the Theoria motus abstracti of 

the role of hypotheses in a physical explanation. Leibniz chose to raise the problem of mutually 

rebounding bodies that were antinomical to the abstract laws. The antinomy arises because there 

are observable cases of mutual rebounding, yet there is no abstract explanation of how it could 

 
50 Mutual rebounding was part of both Huygens’ and Wren’s descriptions of elastic collisions. Leibniz thought it could 
only be accounted for by accepting a hypothesis which is not part of the phoronomia elementalis. 
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happen. Surely, Leibniz had thought of such antinomies in advance since he described them 

already in De Rationibus motus. 

 We have described the Early Conception of Hypotheses as follows: 

 

 A hypothesis H is (a) an insensible possible cause of experience E, where (b) E is 

antinomical to the set or some subset of phoronomical laws � = {�� … ��}.  

 For H to be true (1) it must not be in contradiction to the set or any subset of L; and (2) H 

must presuppose the least for granted. 

 

 Problems §11 is very much in line with this methodology. Leibniz poses a problem of 

mutually rebounding bodies. This proves to be a problem because the experience of mutually 

rebounding bodies is antinomical to the totality of the phoronomical laws of the Theoria motus 

abstracti. That fulfills the condition (b).  

 Leibniz’s proposed solution to the antinomy is a hypothesis of ether. Ether gives rise to the 

experience of mutually rebounding bodies because it “mutually transfers the opposite impetus to 

the other body” (A6.2.271). So, the hypothesis of ether satisfies the condition (a).  

 Since ether is a very subtle (discontinuous) liquid it can be described by phoronomical 

laws. Leibniz explicitly specifies that the subtlety of ether is described by Theorem §21 

(A.6.2.271). Hence it contradicts no laws and satisfies the condition (1). 

 Concerning the last condition (2), Leibniz makes extraordinary claims of how it is possible 

“to solve the general problem of explaining all sensible motions, assuming only the ether” 

(A6.2.271). In other words, a single assumption is enough to derive the explanation of sensible 

phenomena from the abstract laws of phoronomy or “to derive the concrete theory of motion from 
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the abstract theory of motion” (A6.2.271). It cannot be done without assumptions because 

experience and phoronomy are antinomical (e. g. in case of mutual rebounding bodies) but the best 

hypothesis can be found to reconcile them. The best hypothesis is the simplest, i.e. presupposing 

the least. Leibniz’s hypothesis presupposes only one thing – the ether. So, if one assumption can 

yield all the possible explanatory results, it must be the simplest. Thus, it is not surprising that 

referring to his hypothesis in the Usus section Leibniz explicitly appeals to its simplicity and 

clarity: “a certain hypothesis was also raised and I do not know if clearer and simpler one can be 

easily thought of” (A6.2.275). 

 In short, Leibniz’s appeal to the hypothesis of ether in the Problems §11 is characteristic 

of his earlier methodological developments. Since the Theoria motus abstracti is, in general, an 

abstract phoronomical treatise, the hypothesis is merely mentioned, leaving a fuller explanation of 

how ether reconciles phoronomy with experience to the other treatise which is adequately called 

Hypothesis physica nova. 
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2.2. Use of hypotheses in Hypothesis physica nova (1671): elasticity and elastic collisions 

 

 The subtitle of the Hypothesis physica nova reads:51  “In which the natures of phenomena 

and most causes of them are reconsidered assuming only one universal motion in our planet and 

pleasing both Tychonians and Copernicans” (A6.2.221). From the preparatory works and hints in 

the Theoria motus abstracti we have already discovered what a hypothesis is for Leibniz – it is a 

way to solve inevitable antinomies between experience and phoronomy. It is something assumed, 

not experienced, and the least is assumed for granted, the better. The subtitle manifests these 

features quite clearly. Leibniz is open about assuming ether (the “one universal motion”) and 

emphasizes that this is the only (unicus) thing assumed to explain the phenomena. It means the 

hypothesis is simple, i.e. presupposes only one thing. There is also an interesting choice of verb – 

causes and phenomena are “reconsidered” (repetuntur).52 This implies that the purpose of the 

Hypothesis physica nova is not new discoveries or new facts.53 It is rather a new way to consider 

previously known phenomena in the light of the Leibnizian hypothesis – well-documented cases 

are considered anew from the basis of a better, simpler hypothesis that presupposes less for 

granted. 

 The hypothesis itself is stated right away in §1 by saying that “At first the solar globe, 

terrestrial globe, and an intermediate space are supposed, while the mass, which we call ether, as 

far as our hypothesis is concerned, is resting” (A6.2.223). Surely enough Sun and Earth are not 

hypothetical assumptions. Their existence is an observable fact. Theorems §1–7 concern only Sun 

 
51 In this section we will focus only on elasticity. For the explanation of gravity and chemical reactions see Duchesneau 
(1989). 
52 One example of this usage is Alsted’s Prodromus religionis triumphantis, in quo methodice repetuntur et breviter 

examinantur libri sex de vera religione (1641) which Leibniz probably knew. 
53 Leibniz was criticized on this point by Conring, see section 3.1. 
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and Earth as an isolated frame of objects. In §8 Leibniz considers the similarity between the genesis 

of Earth and other planets but does not develop it and explicitly says that “the similar origin of 

other celestial globes […] is not to be explained at this point” (A6.2.225). So, the isolated frame 

is assumed but within it there is only one hypothesis – that of ether. Leibniz claims that by 

hypothesis ether is resting whereas in the subtitle he said it was “one universal motion” (A6.2.221) 

which might seem strange but by the Theoria motus abstracti theorem 20 there can be no resting 

coherent medium, hence it must be set in motion. Its motion is not part of the hypotheses because 

that would constitute a superfluous assumption that already follows from the abstract laws. 

 Hypothesis physica nova contains Leibniz’s attempt to reconsider a range of natural 

phenomena on the basis of the Theoria motus abstracti and the new physical hypothesis of ether. 

In short, it follows along these lines: (§2) Earth and Sun cannot be cohesive bodies without motion, 

which follows directly from Theorem §20 of the Theoria motus abstracti that there is no cohesion 

without motion;54 (§3) both Sun and Earth thus spin around their centers; (§4) Sun also produces 

another motion outside itself, which is the emission of light rays; (§5) light rays emitted from the 

spinning Sun form vortices55 and (§6) reach the Earth (as every other point in physical space); (§7) 

the surface of Earth lacerates because by Theorem §19 of the Theoria motus abstracti no body is 

cohesive throughout the whole surface at the same time. This theorem might sound strange but it 

is closely related to Leibniz’s understanding of cohesion in the Theoria motus abstracti Theorems 

§17–21 and especially Definition §22 which claims that coherent parts are those “among which by 

moving one all other rest are moved as well” (A6.2.264). So, if there is no cohesion without motion 

 
54 Leibniz explains this proposition as follows: “these two globes must have coherent parts, […] however, there is no 
cohesion while resting (from Theorem §20 of the Theoria motus abstracti which we will present promptly), thus we 
must suppose in them some motion” (A6.2.223). This in turn seems to be grounded in Leibniz’s earlier conviction 
that mass without motion is materia prima, i.e. unformed matter. This view is presented in the correspondence with 
Thomasius (A2.1.No.9). 
55 The theory of ether as light propagation is certainly Cartesian, see Shapiro (1974). But as Duchesneau rightly 
observes Leibniz (contra Descartes) rules out the corpuscular nature of materia subtilis (Duchesneau 1994a: 75). 
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and the motion of one part moves all the rest, then the motion of coherent parts cannot be altogether 

internal and must manifest itself on the surface creating lacerations. Ether enters into bodies 

through these lacerations to form bullae (elastic bubbles). 

 The formation of bullae remains a mysterious process in some respects. Arthur has 

advanced a reading in which “bullae, tiny hollow balls which were formed shortly after Creation 

by the rectilinear action of the sun’s rays on the rotating matter of the Earth, like the beads in 

glassmakers’ workshops” (Arthur 2018: 92). Arthur takes the glassmakers’ analogy from the 

following passage:  

 

“For whenever subtle things endeavor to break through dense ones, and there is some 

obstruction, the dense things are formed into certain hollow bubbles, and an internal motion 

of parts, and thus a consistency or cohesion, is produced . . . The same thing is established 

in the workshops of glassmakers, where, by a circular motion of fire and a straight one of 

blowing,56 glasses, the simplest artificial kind, are produced; similarly, by a circular motion 

of the earth and a straight one of light, bubbles are produced” (A6.2.226, mod. tr. Arthur).  

 

 Duchesneau also explains the formation of bullae through heterogeneous motion. He 

provides a reading of the glassblowing metaphor together with the discussion of the spherical 

structure of the bullae: “Leibniz seemed to acknowledge the need for a determination to spherical 

shape. This determination would depend on those motions which, within a size of fluid parts, are 

occasioned by the multidirectional impacts of a surrounding fluid. The hollowing of those bubbles, 

 
56 Arthur’s translation had “of spirit” here for the Latin spiritus but the direct translation as “of blowing” is more 
intuitive and justified by Forcellini (1771, 4: 452) as well as Lewis and Short dictionaries (1969: 1743). 
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the increase of their endogenous conatus to react would result from such a combination of circular 

and rectilinear motions” (Duchesneau 1989: 159).57 

 Glassmaking is a confusing metaphor because it is not easy to see how it is associated with 

the composition of two types of motion. The straight motion might be associated with the air 

inflated through the blowpipe (assuming that Leibniz is, in fact, talking about glass bubbles rather 

than glass beads) but it is not so obvious that the motion propagated by the fire is circular. It seems 

more likely that Leibniz is referring to glass beads rather than glass bubbles. Glass beads, like 

Murano beads, were a famous Venetian commodity since the 14th Century.58 However, there are 

no good accounts of the making of the glass beads in the 17th Century. An account presented in 

1834 by an American naval officer suggests that the spherical shape of the beads was achieved by 

rotating them in a container of heated sand:  

 

“[glass rods] are then put into a sheet iron cylinder about eighteen inches in length and a 

foot in width, with an iron handle to it, and about twice as much sand being added, the 

cylinder is thrust into the furnace and subjected to a rotatory motion. In a short time, the 

glass becomes soft and yielding: the paste in the holes keeps the bits from being 

compressed, and from an elongated they assume a spherical shape” (Quoted in Kidd 1979: 

24).  

 

If this is accurate, then the circular motion in bead making is not that of fire per se but the rotation 

of the glass rods. Also, we should note that Leibniz mentions in relation to this that the formation 

of bullae “is especially easy to derive from the primary abstract principles” (A6.2.226), so their 

 
57 Also cf. Duchesneau (1994a: 76) for another version of this account. 
58 On Murano beads see Caroll (2004: 24-25). 
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formation should be in principle deducible from the propositions of the Theoria motus abstracti, 

not just understood metaphorically.  

 In relation to bullae Leibniz provides a specific reference to Theorem §17 of the Theoria 

motus abstracti which in itself relies on Foundations §15. So, the full story of bullae begins with 

the fact that, according to the Theoria motus abstracti, in a collision “the boundaries or points of 

two bodies penetrate each other” (A6.2.266), meaning that when two bodies collide their extremes 

merge for a moment until their conatus are composed. Thus, when two separate bodies collide, 

they begin merging for a moment. The same process that goes beyond a moment is the definition 

of coherence for Leibniz (Cf. Foundations §16). Meaning that coherent bodies are already 

overlapping on their extrema and thus by Theorem §17: “Two contiguous parts of the body cohere 

as long as they press against each other, and if there is such motion in the body that one part impels 

the other, it will then take up the other’s place. This is the unknown principle of all cohesion in 

things.” (A6.2.269). This means that in a coherent body (which hard bodies are) any motion being 

imposed on it will be transferred throughout it because the extrema of its parts were already merged 

and thus there is no amortization and all of its parts are moved together.59 

 Adding to this, Leibniz has expressed, clearly and on several occasions, that there is no 

cohesion without motion. To be cohesive means to move all parts together. So, given a cohesive 

body, all of its parts must move each other with every motion. This is why by Theorem §19 of the 

Theoria motus abstracti no body is cohesive throughout the whole surface at the same time and 

the surface of every body lacerates or opens up at different times in different parts. This is where 

the bullae have a chance to arise because the circular motion (of ether in the solar system and/or 

 
59 Evidently, this is valid only for inelastic bodies but Theoria motus abstracti affirms this. 
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of the rotation of the planets) actually enters the Earth or, metaphorically, the glass bead. Leibniz 

describes this process in the Hypothesis physica nova §7:  

 

“Here the state of the globe will be miraculously changed by the falling Sun rays (and 

before Sun by the primordial light which was later collected in the Sun, to our hypothesis 

these are the same): for by Theorem §19 of the Theoria motus abstracti there is no cohesion 

of a body throughout its surface at one time, and so the Terrestrial globe struck [by Sun 

rays] where it does not cohere lacerates and admits ether” (A6.2.225).  

 

Thus, ether enters the Earth and forms bullae according to the laws of the Theoria motus abstracti 

provided the universal motion of ether that is supposed as a hypothesis.  

 With these fundamentals in mind let us proceed with the explanation or “reconsideration” 

of certain observable phenomena. One of the most fundamental issues that concerned Leibniz in 

the Hypothesis physica nova was elasticity. It had bothered Leibniz already in the Theoria motus 

abstracti, specifically in Problems §11 in which he was confronted with the explanation of elastic 

collisions. It turned out that the observable elastic collisions did not follow from elemental 

phoronomy. What was needed was the explanation of elasticity itself. That could only be achieved 

with the supposition of ether and bullae that follow from it. 

 Leibniz readdresses the issue of elasticity in the §22 of the Hypothesis physica nova. 

Elasticity was required for his account of the law of reflection. He claims to have studied proofs 

of Digby, Descartes, and Hobbes60 but “discovered that the charm of this opinion meant more than 

 
60 All three thinkers have maintained that the angle of incidence is equal to the angle of reflection. Leibniz was not 
satisfied with their solution because he thought in reality there are no straight parallel lines. Every path of light is 
instead slightly curved. Leibniz’s argument is described in detail by Beeley (1999: 129-131). 
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the rigor of its demonstration” (A6.2.229). What Leibniz was after was an explanation of the law 

of reflection by assuming ether and the resulting bullae:  

 

“There is another way to universally explain the equality of angles of incidence and 

reflection that is more fruitful and more in line with the economy of things. Surely, what 

is often and absolutely assumed about bodies, i.e. that they repel or break the inbounding 

object, is only true of elastic bodies, or bodies that regain their shape after compression or 

dilation. But by the marvelous craftsmanship of the Creator or by a gift of him necessary 

for life, every sensible body, following our hypothesis, is elastic because of the circulation 

of ether; therefore every sensible body reflects or breaks” (A6.2.229). 

 

 According to Leibniz, elasticity is necessary to explain both the laws of reflection and the 

laws of collisions – at least to achieve the results of elastic collisions that Huygens and Wren have 

previously published. He conceived elasticity as the ability to “regain shape after compression or 

dilation” (A6.2.229). So, Leibniz’s aim was to demonstrate how elasticity arises from his 

hypothesis of ether and the resulting bullae because bodies considered abstractly do not possess 

elasticity: “In fact, no body considered in itself and not animated by the perpetual ventilation of 

the ether reflects and refringes, at least not by the commonly accepted laws” (A6.2.229). 

 Leibniz then presents his mechanism of elasticity in Theorems §20–23bis. As we have 

established above, ether enters the bodies to form bullae due to the laceration of the surfaces. Ether 

inside the bullae has a circular rotation which provides the ability to recover the shape after 

deformation: “all [sensible bodies] are elastic and when compressed, immediately after being 

released, regain their prior shape because of the spinning of ether” (A6.2.230). In other words, the 
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elastic ability of bodies to restore their shape after deformation comes from the spinning of ether 

inside the bullae. Leibniz goes on to liken this process to the bouncing of a ball:  

 

“It really appears to the senses that an inflated ball impacted on the pavement jumps so 

high due to the elasticity of the air which is compressed in the impact and seeks to recover 

itself. Thus, what would discourage thinking that also the remaining hard bodies impacted 

by other hard things, which are everywhere stuffed and filled with air, compressed by the 

impact would make the full, fast, the most powerful, and resonant like the string […] 

rebounding” (A6.2.231).  

 

 This explanation approximates Garber’s general idea of how bullae are able to provide 

hardness (cohesion). Garber claims that “These tiny bubbles are held together and have their 

hardness by virtue of their internal motion. […] the motion relevant to the bubbles can only be the 

internal motion of the ether that makes them up. Presumably, then, the faster the motion, the more 

the resistance is, and the harder the body is” (Garber 2009: 19.). However, Garber thinks that this 

applies only to hardness but not to elasticity. He argues that elasticity is rather explained through 

the flow of ether around the parts of a body: “Leibniz can appeal to his physical hypothesis (here 

the discontinuity of bodies, together with the ether that flows around their parts) to introduce 

elasticity in the world, thus enabling bodies to reflect from one another on occasion” (Garber 2009: 

22). By this, he associates Leibniz’s explanation of elasticity with the motion of ether around the 

bodies rather than bullae. A similar account is found in Hannequin (1908: 120–122).  
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 It seems that Leibniz provides both of these explanations of elasticity – through the internal 

motion of bullae and surrounding motion of ether – in different places.61 However, he defines 

elasticity as the ability of the body to regain shape after a collision: “elastic bodies, or bodies that 

regain their shape after compression or dilation” (A6.2.229), thus the explanation through the 

circulation of ether inside bullae seems more relevant. The mechanism seems to be the one in 

which the internal circulation creates pressure which enables body to regain its original shape, in 

other words, it enables the body to continuously resist compression. 

 In any case, Leibniz’s explanation of elasticity goes well with his methodological claims 

to explain a wide range of phenomena by supplementing the abstract laws by a simple hypothesis. 

Granted the mechanism of elasticity, whichever it might be, Leibniz was ready to accommodate 

the observable elastic collisions as described by Huygens and Wren: “It is not difficult to provide 

reason for the phenomena of Huygens and Wren, if they are understood correctly, from what is 

said above” (A6.2.231).62 In concreto, Leibniz was ready to explain mutual rebounding which was 

the focus of Problems §11 of the Theoria motus abstracti. Thus, his explanation seems to follow 

the methodological line of reconsidering known phenomena (in this case the phenomena – the 

elastic collisions – were described by Huygens and Wren) by assuming the only hypothesis of 

ether together with the system of the Theoria motus abstracti. 

 
61 The idea that elasticity arises from the circulation of either inside the bullae seems to be presented in A6.2.230. The 
explanation through the passing of ether around bodies is suggested in the Problems §11 of the Theoria motus abstracti 
(A6.2.271) and, arguably, in the glass bubbles (beads) metaphor (A6.2.225). 
62 In this I agree with Duchesneau: “The laws of impact of Wren and Huygens, which the Theoria motus abstracti 

could not account for, seem to him to be compatible with the basic mechanical hypothesis, once the conception of 
elastic action and reaction has been established” (Duchesneau 1989: 162). Also, with Garber: “Indeed, Leibniz thought 
that together his abstract laws and his physical hypothesis yielded the Huygens/Wren laws of impact recently 
discovered, and widely discussed” (Garber 2009: 21). 
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 Before concluding, let us turn back to one more striking feature of the Hypothesis physica 

nova. In the passage quote above Leibniz describes the elevated role of elasticity in the economy 

of things and even life itself: 

 

“There is another way to universally explain the equality of angles of incidence and 

reflection that is more fruitful and more in line with the economy of things. Surely, what 

is often and absolutely assumed about bodies, i.e. that they repel or break the inbounding 

object, is only true of elastic bodies, or bodies that regain their shape after compression or 

dilation. But by the marvelous craftsmanship of the Creator or by a gift of him necessary 

for life, every sensible body, following our hypothesis, is elastic because of the circulation 

of ether; therefore, every sensible body reflects or breaks” (A6.2.229). 

 

Leibniz’s appeals to the “economy of things” and to the “Creator” have puzzled some 

commentators. Garber wrote about the role of God in the Hypothesis physica nova as follows: 

“God’s role here is interesting. Divine wisdom and plan are not entirely missing from the world of 

the Hypothesis physica nova: Leibniz does acknowledge in one inconspicuous place that the 

complex architecture of the world that allows the abstract laws to be reconciled with experience 

[…] But this appeal to God seems like an afterthought in his text.” (Garber 2009: 22). Garber 

continues on another occasion: “[Leibniz] does make appeal to divine wisdom in both the 

‘‘Confessio naturae’’ and in the Hypothesis physica nova. However, there final causes seem at 

best an afterthought, and are hardly central to his vision of how God enters into physics” (Garber 

2009: 228).  
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 Moreover, Leibniz does something even more radical (Garber, unfortunately, does not 

comment on this) and suggests that ether might be the physical equivalent of the Spirit of God 

which, according to Genesis, “moved upon the face of the waters”63 (Genesis 1:2). Leibniz writes: 

“The blowing ether (it perhaps is that Spirit of the Lord which moved upon the face of the waters 

and guided them; by its ventilation it pushed down the crasser waters while lifting the lighter ones 

and by lifting it rendered everything into inert, incoherent, and dead dust) pervades inside 

everything, sometimes forcing itself into bullae” (A6.2.225).  

 Leibniz’s appeals to God and the economy of things can be enlightened if we consider his 

methodology. He has recognized that the observable laws of collision will only work if there is 

elasticity in bodies, otherwise, mutual rebounding never occurs. Elastic properties of bodies are 

often just assumed, like in the laws by Wallis and Huygens; but this assumption is hypothetical, it 

does not follow from the abstract treatment of motion. A hypothetical assumption, in turn, must 

satisfy certain constraints, most importantly, the one of simplicity. Yet the bare assumption of 

reflective properties of bodies (and elasticity) is an ad hoc hypothesis that explains nothing except 

this one phenomenon (reflection). Therefore, following the methodology and keeping in mind the 

hypothesis of ether, there certainly is “another way to explain [it] that is more fruitful and more in 

line with the economy of things” (A6.2.229). The other way is the derivation of elasticity from the 

ether and resulting bullae.  

 In other words, Leibniz’s appeal to the economy of things in the Hypothesis physica nova 

is actually an appeal to the simplicity of his hypothesis. He goes as far as to give another name to 

the Hypothesis physica nova: “Theoria motus concreti, or the economy of things” (A6.2.229). This 

 
63 We are using King Jame’s Bible as a reference here because it chooses the term “moving” rather than “hovering” 
found in more recent translations. It both goes better with Leibniz’s causal story of the motion of ether and also the 
Vulgate rendition: “et spiritus Dei ferebatur super aquas” (Gen 1:2) which would probably be Leibniz’s original 
source. This is supported by his original formulation: “Spiritus Domini, qui super aquis ferebatur” (A6.2.225). 
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suggests that the whole purpose of the Hypothesis physica nova is to discover the simplest 

explanation of the phenomena, which is to find the simplest hypothesis.  

 Leibniz’s appeal to God seems less motivated than the one to the economy of things. 

Perhaps what he means is that God intelligently chooses to create the world in the most economical 

way and containing the greatest variety in the simplest cause, thus the simplest explanation must 

be the correct one. There are some grounds for this reading. Leibniz mentions that bullae are “the 

foundation of so much variety in things and so much impetus in motion” and then he adds “if they 

were missing, everything would turn into sand without cement64 and the ether would disperse after 

being expelled by the spinning leaving our Earth dead and hopeless” (A6.2.226). The last part 

corresponds well to Leibniz’s appeal to the “[Creator’s] gift necessary for life” (A6.2.229), 

showing that without bullae and elastic properties bodies would be lifeless.  

 Looking outside of the Theoria motus abstracti and the Hypothesis physica nova we have 

seen that in the Preface to Nizolii Leibniz claimed that violating the simplicity of hypotheses meant 

attributing “superfluity” to the divine (A6.2.428). Christian Leduc in his commentary on the 

Preface develops an interpretation of the simplicity criterion that: “The best way to judge the 

efficacy of a theory resides in the fact that we recognize that it explains the most things with the 

least possible means. Leibniz justifies this idea by recalling that all scientific or philosophical 

hypotheses must follow the order of things that has been created by God by the simplest means of 

all“ (Leduc 2006: 96). If we were to follow this interpretation (and extend it to Hypothesis physica 

nova), then Leibniz’s strife for simplicity would eo ipso be strife for a valid ontology which 

depends on God’s parsimony and will to create the greatest variety by the simplest means. 

 
64 I am thankful to Francois Duchesneau for the correct and elegant translation of this phrase. 
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 The few passages in the Hypothesis physica nova about elasticity as the gift of the creator 

seem to support a reading similar to Leduc’s. However, strictly from a methodological point of 

view, it was much more important for hypotheses to serve the role of reconciling phoronomy and 

experience. A clear distinction between elemental phoronomy and experimental physics was the 

apex of Leibniz’s achievements in his own eyes.65 As we have already noted, the ontological and 

methodological nominalist formulation went hand in hand for Leibniz and it is not necessary to 

reduce one to the other.66 

 The fruitfulness of Leibniz’s hypothetical methodology is echoed in the Conclusio of the 

Hypothesis physica nova. After enumerating an impressive scope of phenomena that he was able 

to explain using his hypothesis – a list that more or less coincides with his promises in the Problems 

§11 of the Theoria motus abstracti – Leibniz reflects again on the methodology he has used: 

 

“And so it seems to me that this hypothesis unites and reconciles so well a variety of 

hypotheses made by others; it supplements their shortcomings; it pushes them forward 

where they are stuck; it explains them and makes them intelligible where they are obscure 

and mysterious [ἄρρητοι]; that now it seems we must think not so much about a new 

general hypothesis, but about the particular and distinct application to phenomena […], 

finally, about transferring the new inventions to the use of life and to the promotion of 

power and happiness of the human species, which is the single purpose of philosophy” 

(A6.2.257). 

 

 
65 This is evident from the Usus of the Theoria motus abstracti (A6.2.273-276) as well as subsequent correspondence 
which is discussed in section 3.1. 
66 See footnote 41.  
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 An interesting aspect of the Conclusio is the fact that Leibniz saw his hypothesis as uniting 

previous ones. In the §22 of the Hypothesis physica nova, he has pointed out that there can be 

different ways to explain elasticity. But what other ways there might be? It cannot be purely 

phoronomical because elasticity is not a geometrical quality. It means that it must be hypothetical. 

But if it is hypothetical, then it must adhere to the constraints of simplicity. A hypothesis is simple 

if it presupposes less for granted and is able to explain the phenomena. An ad hoc supposition of 

elasticity trivially explains the phenomena but is not simple under this description because it 

explains only a small range of phenomena, so additional hypotheses will be required to explain 

others – for example, gravity and magnetism. On the other hand, Leibniz’s hypothesis of ether is 

simple because it has only a single supposition and explains all the natural phenomena. 

 The simplest hypothesis “unites and reconciles” (A6.2.257) other hypotheses by explaining 

all the phenomena that they were supposed to explain separately. It also surpasses them by 

explaining additional phenomena – “where they are stuck” (A6.2.257). Although at least some of 

these virtues can hardly be derived from the Hypothesis physica nova, it is proof enough of 

Leibniz’s ambitions. He sought to find the simplest account of the phenomena and believed that 

such reconsideration has real virtues for physical science.  

 To sum up, the methodology that is present in both the Theoria motus abstracti and the 

Hypothesis physica nova consists of a two-level hierarchical structure – an abstract study of motion 

is established a priori and brought down to accord with the phenomena by a hypothetical strategy. 

As Garber has put it: “[Abstract] laws of motion, reasonable as they might be in the abstract, fit 

very poorly with the world we see around us, as Leibniz knew; […] In the Hypothesis physica 

nova these abstract laws are reconciled with experience through a hypothesis about the make-up 

of the world” (Garber book 18). However, we should not understand this as a kind of accident. 
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Leibniz believed from the earliest physical works that “senses cannot prejudge reason while reason 

can prejudge senses” (A6.2.159). Thus, hypothesizing is an inevitable part of physics because there 

are inevitable antinomies between phoronomy and experience arising from the limitations of 

observation. Hypothesizing must respect the nominalist criteria of being simple and least 

presupposing. Leibniz developed these methodological tenets prior to writing the two treatises and 

consistently applied them afterwards. This approach set Leibniz apart (at least in his own eyes) 

from others who proposed similar or identical laws but did not have a methodology to back them 

up. 

 Duchesneau has called Leibniz’s early methodology the “compensatory strategy” 

(Duchesneau 1994a: 93) which is a good description emphasizing the fact that the Hypothesis 

physica nova was designed to compensate for the observations which present themselves as 

antinomical to phoronomy. Therefore, the crucial objective in Leibniz’s early physics was to 

determine what exactly falls under the phoronomical description and what does not. Apparently, 

mutual rebounding falls out of the scope of phoronomy. The case of mutually rebounding bodies 

is also a great example of an antinomy because it is discussed in both the Theoria motus abstracti 

and the Hypothesis physica nova. In the following section, we will see that in fact there is a history 

of Leibniz trying to tackle this problem before writing the two major early treatises. 
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2.3. Evolution of the problem of mutual rebounding 

 

 We have tracked Leibniz’s account of mutual rebounding and elastic collisions in both the 

Theoria motus abstracti and the Hypothesis physica nova. It seems to be one of the key problems 

that arise in both treatises. Its importance can be better understood if we consider the evolution of 

the problem following the early texts that were written before the Theoria motus abstracti. In fact, 

Leibniz was not always ready to admit that mutual rebounding of bodies in right occursions with 

equal speeds requires an explanation surpassing the laws of phoronomy. Starting with the De 

Rationibus motus (1669), Leibniz was very clear that “if a body after a right collision with equal 

speeds cannot continue in its path, then both bodies rebound in the same way from which they 

came with the same speeds” (A6.2.163). By claiming this he was essentially following the rules 

of Wren and Huygens67 published in the Philosophical Transactions. Leibniz did not seem to have 

a problem with accepting Huygens’s 2nd rule: “(2.) If one body hits an equal body going in the 

same straight line, after the collision they rebound with exchanged speeds” (A6.2.157). Leibniz 

did not see this as antinomical at the point of writing the De Rationibus motus. However, he did 

see an antinomy between the experience and phoronomy in Huygens’ 3rd rule: “A body however 

great will be moved if impacted by any other body however small, with any velocity whatever” 

(Huygens 1669, tr. Murray, Harper, and Wilson 2010: 156). In this case, Leibniz proposed a 

hypothesis to solve it, as we have seen in section 1.1. Yet mutual rebounding was accepted as 

proved by reason in the earliest preparatory works writings. 

 
67 The outcome of mutual rebounding in elastic collisions was part of both Wren’s and Huygens’ accounts, see Murray, 
Harper, and Wilson (2011: 156; 171). Huygens’ elaboration for his 2nd Rule is found in the discussion of proposition 
§2 in his 1692 letter to the Royal Society (Huygens 1888–1950, 6: 338-9). 
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 Later on, Leibniz struggled to find a 

phoronomical explanation for the mutual rebounding 

and Huygens’ 2nd rule. He revisits it again in the 4th 

preliminary piece towards the Theoria motus abstracti. He begins by considering the right 

occursion with equal speeds as a situation in fig. 2. If two bodies a and b move towards the opposite 

point on the same line of motion and collide in the middle at point C, then, Leibniz argues, after 

the collision, both bodies will have equal right to move towards the point B or the point A. Both a 

and b will be on equal grounds to be reaching the opposite point on the axis. Commenting on this 

situation Leibniz appeals to a general maxim: “If two equal motions are contrary to each other, 

then none of them happen” (A6.2.171). This leads Leibniz to make a conclusion: “if [two] bodies 

collide and each of them starts to move into the opposite with equal right but cannot do that, and 

there is no reason why it would choose one way rather than the other, then it chooses the middle, 

i.e. where a direction cannot be found, the body rests” (A6.2.171). Therefore, the outcome of this 

collision is that both a and b rest at point C, contrary to Huygens’ 2nd rule and to what Leibniz 

embraced in the De Rationibus motus. 

 Leibniz immediately recognized this conflict with Huygens’s and Wren’s laws of collision 

which he took to be an empirically correct description of the phenomena. So, in a Nota Bene note 

following the last conclusion Leibniz was trying out a new way of interpreting the same situation:  

 

“Then a demonstration was discovered: if two bodies occur to each other in a straight line 

with equal speeds, they have at the same time a conatus forwards and backwards on the 

same line, that is forwards from its own motion and backwards from the colliding body. 

[…] The impossible conatus does not destroy the effect of the opposite conatus. The 

Fig. 2 
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contrary conatus is the motion backwards. […] Therefore, if two bodies occur directly on 

a point, they go backwards on the same line and with the same speed” (A6.2.172).  

 

In other words, mutual rebounding would be explained through the negative conatus of both a and 

b which are not destroyed when the positive conatus (called the “impossible conatus” because 

bodies cannot both go further) is destroyed in the collision. This is problematic because the 

containment of equal conatus in opposite directions seems contradictory to motion in the first 

place. If bodies at any point would have equal but opposite conatus, then they would certainly rest. 

What was needed to ground mutual rebounding was the transfer of conatus, not the composition 

of it. In the end, Leibniz only found the way to explain the transfer of conatus by employing the 

hypothesis of ether presented in the Hypothesis physica nova. 

 Leibniz seems to have fully grasped the fact that mutual rebounding requires a hypothesis 

by the time of composing the 5th preparatory piece. In §9 he admits that “the reason [for rest] is 

that the conatus of both bodies are equal and it is impossible to find a middle way, which is per 

hypothesin; therefore the bodies either rest or rebound. But they would rather rest because there is 

no reason why they would rebound rather than rest, in which case they rather rest” (A6.2.181). 

This type of formulation carried through directly to Theorem §12 of the Theoria motus abstracti: 

“If there is no bisectible angle […] and the impact is with equal speeds, then both bodies rest, [...] 

the one that impacts and the one that is impacted on” (A6.2.269). It meant that mutual rebounding 

was not part of the abstract laws of phoronomy and had to be explained hypothetically as an 

antinomy. 

 This evolution of how Leibniz saw mutual rebounding is significant, first of all, for 

showing his increasing usage of the principle of sufficient reason in his early physical works. The 
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formulation in the 5th preliminary piece appeals repeatedly to the fact that 1) if there is no reason 

of determining the path of bodies after the collision (there is no bisectible angle of collision), then 

the bodies either rebound, or rest; 2) there is no reason why they would rebound, so they rest.  

 Secondly, this evolution helps to explain Leibniz’s further emphasis on separating 

phoronomy from experience of motion and his towards the laws of Huygens and Wren. Leibniz 

has considered the clear demarcation between pure or elemental phoronomy and a hypothetical 

explanation to be one of his key accomplishments: “Thus, as far as I know, there are no [other] 

demonstrations of elemental phoronomy (Phoronomia elementalis), although they might by 

themselves constitute the whole aim of a separate science” (A6.2.275).  

 He has tackled the problem of mutually rebounding bodies several times and has arrived at 

multiple phoronomical solutions which proved to be insufficient under his own scrutiny. Elastic 

collisions were, in fact, an antinomy and could only be explained with the help of a hypothesis. 

Those, like Huygens and Wren, who thought to have explained laws of collisions abstractly, or 

assumed mutual rebounding among the abstract laws of motion, were mistaken. Leibniz saw in 

this a great advantage of his system over the competing theories. This is why in the Theoria motus 

abstracti he claimed that the “ether [...] will act as a subtle carrier to the Huygens-Wrenian 

diversification of motions” (A6.2.271). The laws of collisions and in concreto the case of mutual 

rebounding does not function without a hypothesis and there is no simpler hypothesis than that of 

ether. Leibniz saw this as a major methodological discovery of his early physical system. In the 

next section, it will become clear that Leibniz defended the novelty of his works evoking the same 

method of hypotheses. 
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3. Leibniz’s Ambitions and the Reception of the Early Physics 

3.1. Novelty of the hypothetical method: correspondence with Thomasius, Oldenburg, and 

Conring 

 

 The cornerstone of Leibniz’s early work on physics consisted in the publication of the two 

treatises Theoria motus abstracti and Theoria motus concreti (or Hypothesis physica nova). They 

were dedicated to the Académie des Sciences of Paris and Royal Society of London respectively. 

The dedication shows that Leibniz had confidence in the novelty of his works. The question that 

will concern us in the present section is what exactly Leibniz thought his innovations were. 

Leibniz’s letters to Oldenburg, Thomasius, and Conring68 from the period 1668–1671 show that 

he was strongly concerned with the methodology of physical science at that time, especially the 

role of hypotheses. The main virtues of his physics that he advocated in his correspondence were 

a hierarchical view of phoronomy and experience in physics and the reconsideration of phenomena 

grounded in the simplest presupposition of his hypothesis of ether. 

 Even before he began serious work on physics, in the second half of 1668, Leibniz had 

corresponded with his former teacher Jakob Thomasius.69 Their discussions touch upon the 

simplicity criterion which is relevant to physics and physical methodology. Leibniz’s letters reveal 

his endorsement of the simplicity criterion even before the exposition of the De Rationibus motus 

and the Preface to Nizolius. 

 
68 Leibniz had two periods of corresponding with Hermann Conring. The first came in 1670-1671 followed by a hiatus 
until 1678 when Leibniz reinitiated the correspondence. Both of these correspondences were significant for the 
development of Leibniz’s physical methodology. Background on Conring can be found in Moeller (1927: 29-33). The 
first period of the correspondence is discussed in Mercer (2001: 53-55 et passim). The second period is extensively 
reviewed in Duchesneau (2010: 50-56).  
69 Leibniz’s correspondence with Thomasius is covered in Mercer (2001: 110-119) and (2004), also in Bodeus (1993).  
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 In the letter to Thomasius in 1668/04 Leibniz claims to agree with Johannes de Raey,70 an 

early Dutch Cartesian, that “Aristotle’s obscurity comes from the smoke of the scholastics while 

Aristotle himself wonderfully conforms to Galileo, Bacon, Gassendi, Hobbes and Digby” 

(A2.1.18). He then goes on mapping certain mechanical notions like mass, motion, and figure to 

the traditional Aristotelian notions of primary matter and substantial form. Thomasius was 

unconvinced by Leibniz’s approach saying that “I believe that Aristotle surely acknowledged that 

substantial forms are different from such accidents as figure, size, and configuration of parts. If 

this is true, then Aristotle already disagrees with the new philosophers on the very same point on 

which you seem to want to build their affinity” (A2.1.20). 

 Perhaps feeling the pressure to explain himself Leibniz extended his strategy. Instead of 

claiming that the mechanicist and Aristotelian notions are identical,71 he said that it was not 

required to show the necessary link between Aristotle and the mechanicists; rather, a mere 

possibility of reconciliation is enough because “if the possibility of reconciliation is established, 

then the whole matter is set to rest” (A2.1.26). Strikingly, Leibniz’s argument for the possibility 

of reconciliation is an appeal to the simplicity of hypotheses: 

 

“Even if the interpretations of both scholastics and moderns were possible, the clearer and 

more intelligible of the two possible hypotheses must always be chosen, and without any 

doubt this is the hypothesis of the moderns, which conceives no incorporeal entities within 

bodies and assumes nothing beyond magnitude, figure, and motion” (A2.1.26/L.95).  

 

 
70 Johannes de Raey was part of the philosophia novantiqua movement in the Netherlands that tried to show the 
compatibility of Aristotle with mechanical philosophy. A contemporary defender of this view in German was Johannes 
Clauberg. On Raey see Schmaltz (2016: 77ff); Clauberg is discussed in Bouillier (1854: 2, 272). 
71 Raey’s Clavis philosophiae naturalis (1654) expressed this view. 
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Leibniz then challenges Thomasius to find any notion of Aristotle that could not be explained by 

the mechanical hypothesis and thus would undermine the possibility of reconciliation thus shifting 

the burden of proof towards Thomasius to show that a simpler hypothesis is not possible. 

 Leaving the question of the mechanical interpretation of Aristotle behind, let us focus on 

the form of Leibniz’s argument.72 He is starting with a situation in which both interpretations of 

Aristotle are possible – we could understand his philosophy both in scholastic and in mechanical 

terms. These two interpretative hypotheses both explain Aristotle’s philosophy. Recall Leibniz’s 

astronomical example from the Preface of Nizolius: one hypothesis explains the motions of planets 

by postulating simple circular motions (Copernican) while the other presupposes various 

interconnections of the planetary motion (Ptolemaic). Leibniz claimed that certainly the first is 

preferable because it is simpler and presupposes less for granted.73 In the same manner, two 

interpretations of Aristotle are both possible but we should choose the simpler, less presumptive 

interpretation – that of the moderns. It is less presumptive because it does not postulate immaterial 

forms within bodies. This point has already been expressed by Leibniz in Confessio Naturae 

Contra Atheistas, although without formulating a general principle of the simplicity of 

hypotheses.74 

 
72 Mercer claims that Leibniz’s argument from the simplicity of hypotheses for the mechanicists reading of Aristotle 
was part of a threefold demonstration he had in mind: “(1) that the position shared by the reformers and moderns is 
consistent with the physics of Aristotle and therefore that the scholastics’ interpretation of Aristotle’s physics is 
incorrect; (2) that the reformers’ position follows from the fundamental principles of the Aristotelian system once that 
philosophy is properly understood; and (3) that even if the physical explanations offered by both the scholastics and 
reformers were “possible” as accounts of corporeal phenomena, the former would have to be rejected because of its 
violation of nominalist principles” (Mercer 2001:119). 
73 See our discussion of the Preface to Nizolii in section 1.2. Leibniz has claimed: “If some astronomer can account 
for the celestial phenomena supposing less, that is only by simple circular motions, then his hypothesis is surely 
preferable to the one which requires many intermingled orbits to explain the heavens” (A6.2.428). 
74 Leibniz writes in the Confessio Naturae: „We must agree with those contemporary philosophers who have revived 
Democritus and Epicurus [...] that in explaining corporeal phenomena, we must not unnecessarily resort to God or to 
any other incorporeal thing, form or quality but that so far as can be done, everything should be derived from the 
nature of body and its primary qualities – magnitude, figure and motion” (A6.1.489-90/L.110). 
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 The letter to Thomasius was written in April 1669 which is prior to both the De Rationibus 

motus (August or September of the same year) and to the Preface to Nizolius (spring of 1670). 

Moreover, the appeal to the simplicity of the modern interpretation is defined in familiar terms – 

it “assumes nothing beyond magnitude, figure, and motion” (A6.1.26/L.95), which means that the 

simplest hypothesis is the least assuming. Thus, it seems that Leibniz has endorsed the simplicity 

of hypotheses before even applying it to physical methodology. When applied to physics it 

acquired the explicit role of reconciling phoronomy with experience. The latter conception has 

been very important in Leibniz’s defense of the novelty of the Theoria motus abstracti and the 

Hypothesis physica nova in the correspondence following the composition of the two treatises. We 

will thus follow Leibniz’s arguments for his innovations in his exchanges with Henry Oldenburg 

and Hermann Conring. 

 Leibniz opens his correspondence with Oldenburg with a letter of 23rd of July, 1670 in 

which he describes his project of the Hypothesis physica nova. The treatise itself had not been 

published but Leibniz has already done preliminary investigations including the methodological 

conception of hypotheses outlined in the De Rationibus motus. Leibniz’s first presentation of his 

project to Oldenburg observes the distinction of abstract and experiential study of motion. First, 

Leibniz mentions his achievements in phoronomy: “I have laid down certain elements of the true 

reasons of motion demonstrated by the geometrical method only from the definitions of the terms” 

(A2.1.95), and then he adds: “I have also shown that the rules of motion proposed by the 

incomparable Huygens and Wren are not first, absolute and pure but accidental, they result from a 

certain state of the terrestrial-aquatic-aerial globe […] and in a resting or differently moving 

medium everything would turn out differently” (A2.1.95). Here Leibniz is directly arguing to the 

point that although he accepts the rules of Huygens and Wren published in the Philosophical 
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Transactions, he shows that they “are not first, absolute” (A2.1.95), i.e. they do not belong to 

elemental phoronomy, but instead depend on a hypothesis of ether and thus are “accidental” 

(A2.1.95). In other words, Leibniz saw his advantage over Huygens and Wren in the 

methodological distinction between the abstract and concrete study of motion. 

 Leibniz does not limit himself with the ambition of explaining Huygens and Wren and goes 

on to say: “Yet I also have independent considerations in which I assume the sole hypothesis of 

certain universal motion […] which can explain all the motion we observe in bodies with so far 

unseen clarity” (A2.1.95–96). This expression echoes the claims in the Conclusio of the 

Hypothesis physica nova and the Problems §11 the of the Theoria motus abstracti which promised 

to explain all natural phenomena with a single supposition.  

 Leibniz’s first presentation of his physical research latently introduces Oldenburg to the 

idea of two different sciences of motion. Leibniz is claiming to have constructed a phoronomical 

theory and to have shown that the well-known rules of collision by Huygens and Wren do not 

follow from it. Rather, the rules of elastic collisions are contingent upon a certain hypothetical 

universal motion (ether) which then is also employed to explain a great deal of other physical 

phenomena “with so far unseen clarity” (A2.1.96). So, Leibniz presents the crux of his 

achievements in the Hypothesis physica nova as, first, establishing a clear-cut hierarchy of 

observational and abstract study of motion; second, providing the simplest hypothesis that would 

solve all antinomies arising from that hierarchy. 

 In fact, the subsequent letter of 11th of March, 1671 (which had the Hypothesis physica 

nova attached to it) continues to expand on this methodological point. Leibniz succinctly explains 

the whole purpose of the Hypothesis physica nova in these words:  
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 “I believe that the hypothesis itself will seem clear and easy to the one who is attentive, 

and probably it will suffice to explain all the phenomena, the more so when the user is 

more ingenious and more knowledgeable about experiments. No one will deny that all 

things in nature and in arts, or if I could say so, all clockworks and machines depend on 

gravity and elasticity; and both of them as I have explained will follow without difficulties 

supposing only the circular motion of ether. And this is the crucial point of the whole of my 

project. Having reached that, I will obtain what I had sought for, namely, a shorter and 

clearer hypothesis than all previous ones” (A2.1.144, my emphasis). 

 

 Leibniz is very explicit in presenting his work to Oldenburg as having methodological (not 

empirical or phoronomical) advantages over the competing theories. Leibniz was fully aware that 

the Hypothesis physica nova does not contain new experiments or new laws that would make it 

stand out in relation to investigations being conducted and reported in both Royal Society and 

Académie des Sciences. Rather, he chose to explain his innovations by methodological advantages 

that rely on his preconceived role of hypotheses and the hierarchy of phoronomy and experience. 

Leibniz is explaining to Oldenburg that the main aim of the Hypothesis physica nova was to 

construct a simpler, less presumptive hypothesis that would serve to explain all natural phenomena 

and reconcile them with phoronomy. 

 Unfortunately, this idea was largely overlooked by Oldenburg. When he responded to the 

letter of 11th of March he ignored the subject of methodology and asked Leibniz to briefly expand 

on certain theorems of the Theoria motus abstracti (A2.1.151). Leibniz responded to the request 

but immediately after discussing the particular theorems that Oldenburg had requested, he tried to 

reintroduce the subject of methodology:  



3.1. Novelty of the hypothetical method 

59 

 

“the outcomes of observable motion are different from the rules of true yet insensible or 

non-apparent motion. Therefore there has been a need to think of a way to reconcile them 

and to find some insensible true motions that would produce the sensible ones which are 

often so paradoxical. This task so far cannot be accomplished without hypotheses (as long 

as we have not explored all the folds of nature) and the hypothesis is as much closer to 

truth, as it is clearer, simpler, shorter, more elegant and better adapted to solve the most 

important and difficult phenomena that we know so far” (A2.1.166).  

 

Oldenburg yet again remains silent on this subject, as does Wallis in his evaluation of the 

Hypothesis physica nova published in the following issue of Philosophical Transactions.75 

 The last quotation from Leibniz’s letter to Oldenburg maps on to all the points we have 

summarized in the Early conception of hypotheses: 

  

 A hypothesis H is (a) an insensible possible cause of experience E, where (b) E is 

antinomical to the set or some subset of phoronomical laws � = {�� … ��}.  

 For H to be true (1) it must not be in contradiction to the set or any subset of L; and (2) H 

must presuppose the least for granted. 

 

What Leibniz writes to Oldenburg in the previous quotation can be mapped to all the 

methodological points: 

 
75 Wallis’ review was largely positive but did not discuss methodology at any length, see Wallis (1671: 2227-2231). 
Wallis also corresponded about Leibniz’s work with Oldenburg, see Wallis (2012: 453; 520-523). 
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 (a) “there is a need to […] find some insensible true motions that would produce the 

sensible ones”; “This task so far cannot be accomplished without hypotheses.” 

 (b) “the observable outcomes of motion are different from true yet insensible or 

unobservable rules”; they are “often so paradoxical.” 

  (1) “there is a need to think of a way to reconcile [observable outcomes of motion and true 

yet insensible or unobservable rules].”  

 (2) “the hypothesis is as much closer to the truth, as it is clearer, simpler, shorter, more 

elegant.” (A2.1.166).  

This goes to show that Leibniz was not only aware of his methodology in the Hypothesis physica 

nova but he considered it to be the “the crucial point” (A2.1.144) of his early project and tried to 

present it to Oldenburg as such.  

 A similar point can be raised in Leibniz’s correspondence with Conring. After Conring has 

received Leibniz’s brief summary of his physical research, he confronted him by saying: “What 

you judge about the emendation of motion in natural philosophy I partly do not understand and 

partly cannot agree with. […] If you will support it with many strong experiments, I will applaud 

it; otherwise, I cannot do that” (A2.1.141). Conring’s objection was a call for experimental 

confirmation of the ether. Yet, as is clear from Leibniz’s methodology, the Hypothesis physica 

nova was not about providing new experiments. It was about finding the simplest hypothesis to 

explain the existing ones. This is manifest in Leibniz’s response:  

 

“You will see that my hypothesis provides reason with extraordinary brevity and elegance 

[…]. And what else is there to want in a hypothesis except for brevity and clarity in 

satisfying all the phenomena? It is imprudent to seek natural causes beyond the most 
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probable, at least until we have inspected the whole nature. […] If some hypothesis not 

only satisfies the current experiments but also provides certain unfailing predictions about 

the future, it certainly must be accepted” (A2.1.152–153). 

 

 In these words, Leibniz was correcting Conring’s misconception about his physical theory 

– the whole purpose of Leibniz’s treatise was not to verify an existing hypothesis, it was to provide 

a new hypothesis for the already existing experiments. Hence the title: Hypothesis physica nova. 

This must have left Conring confused. He did not respond to Leibniz’s letter and their 

correspondence came to a halt until 1677 when Leibniz wrote to him again. 

 Leibniz’s conception of the role that hypotheses should play in a physical theory was at the 

same time a crucial and most ignored aspect of his early research in natural philosophy. The 

conception of the hypothesis initiated his preparatory works in the De Rationibus motus. It was 

also one of the key points that Leibniz wanted to instill in his correspondents by proposing his 

project. However, it went largely unnoticed by his contemporaries.  
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4. Abandoning the Early Model: Theology and Metaphysics 

4.1. Metaphysical foundations in De vera methodo philosophiae et theologiae (1673/75): 

activity and impenetrability 

 

 The major question that concerns the remainder of this thesis is why did Leibniz move 

away from his early physical system and what foundations did he find for his reformed physics. 

We shall begin with the discussion of what became to be known as Leibniz’s “metaphysical 

foundations of physics.”76 The general claim that will arise in sections 4.1 and 4.2 is that 

metaphysics together with theology was indeed part of the reason why Leibniz abandoned his 

early physical system. Yet the actual foundations of constructing reformed physics had a lot to do 

with his logical ideas about demonstration rather than metaphysics per se (sections 5.1–5.3). 

 Sometime during the Paris years (1672–1676), Leibniz came to be skeptical of what he had 

earlier called phoronomia elementalis, i.e. purely abstract geometrical mechanics. The model of 

the Theoria motus abstracti and the Hypothesis physica nova consisted of a two-level structure – 

an abstract theory of motion (the Theoria motus abstracti) and a hypothetical reconciliation of that 

theory with experience (the Hypothesis physica nova). Leibniz has thus argued that all mechanical 

phenomena can be explained through geometrical terms given the sole hypothesis of ether. While 

staying in Paris he came to believe that there is a fundamental flaw in this approach and that the 

program of abstract mechanics is essentially incomplete. 

 Some reasonable suggestions are found in the secondary literature about why that 

happened. Arthur points out: “It is only after he has formulated the differential calculus in the 

 
76 A discussion of metaphysical foundations is famously found in Garber: “it is in terms of this Aristotelian picture 
that we can best understand Leibniz’s conception of the metaphysical foundations of physics at this time: the living 
things, organisms, corporeal substances which so fascinated Leibniz in this period are, I claim, the very hooks on 
which Leibniz hangs his new science of dynamics” (Garber 1985: 75). 
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spring of 1676 that Leibniz comes to the realization that endeavors [sc. conatus] should not be 

conceived as actually infinitely small parts of the continuum, but as arbitrarily small, finite 

motions.” (Arthur 2018: 178). Arthur’s explanation relies on Leibniz’s new knowledge in 

mathematics to explain why he abandoned the earlier physical system. This is also corroborated 

by Duchesneau:  

 

“In this first phase of his career Leibniz had recourse to particularly useless mathematical 

models. Even if he had discovered the geometry of indivisibles of Cavalieri, he gave it a 

strongly deviant interpretation, very similar to that of Hobbes. It is only during his Parisian 

visit from 1672 to 1676 that Leibniz will truly discover the mathematics of the moderns 

under the guidance of Huygens and will eventually lay the groundwork for his own 

infinitesimal calculus” (Duchesneau 1994a: 89–90).  

 

The consensus seems to be that Leibniz had employed misguided mathematics to build his early 

physics and after learning proper methods in Paris he abandoned the system. This reading certainly 

fits the timeline and there is no doubt that improved mathematics was part of the reason why 

Leibniz abandoned the early system. 

 However, without denying the importance of Leibniz’s improved mathematics, we will be 

considering another avenue: the development of the metaphysical and theological ideas in the 

period. During the later Parisian years, Leibniz began arguing that no consistent notion of the body 

as a purely extended substance can be achieved and that physics based on the notion of the body 

as pure extension commits a metaphysical error. In a text De vera methodo philosophiae et 
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theologiae ac de natura corporis (1673/75),77 Leibniz claims: “Teachings about size and figure 

are very much advanced [sc. in mechanical science] but they do not yet reveal the secrets of motion 

because they ignore metaphysics where they must be sought” (A6.3.157). It seems that the 

emerging change of his understanding of physics had something to do with metaphysics and not 

only (but certainly including) mathematics. 

 One pathway to understand the influence of metaphysics to physics is to claim that 

Leibniz’s break with the early system was motivated by his conception of substance based on 

action rather than extension. For example, Leibniz expresses his worry about Cartesianism as 

follows: “We’ll be able to say that a body is an extended substance only if we admit that every 

substance must act and every agent is called a substance” (A6.3.158). However, although it is true 

that Leibniz emphasizes activity as the basic attribute of substances, this claim by itself does not 

constitute a break with the early system. The thesis that “every substance must act” (A6.3.158) 

and, if the body was to be a substance, it must be active, is perfectly consistent with Leibniz’s 

previous system. 

 Let us call the thesis that “every substance must act and every agent is called a substance” 

(A6.3.158) the Activity doctrine. It seems that the Activity doctrine can not only be reconciled with 

the principles of the Theoria motus abstracti and the Hypothesis physica nova but it can be derived 

from them and hence it is a theorem of the system. For example, consider the following line of 

reasoning based on the Theoria motus abstracti: Conatus is the beginning and end of every motion 

(Foundations §10), there can be multiple and contrary conatus in a body (Foundations §12) which 

must be combined (Foundations §19) because no conatus remains unrealized in a body longer than 

 
77 For another reading of this text see Mercer (2001: 82-84). Mercer emphasizes Leibniz’s awareness that most 
Cartesians went out of their way to avoid the mystery of the Eucharist and that, therefore, their physical theories were 
to be rejected: “In other words, the physics of Gassendi and Descartes violate the requirements of the Council of Trent 
and are to be rejected on those grounds” (Mercer 2001: 83). 
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a moment (Foundations §17) and motion is continuous and uninterrupted by rest (Foundations §7). 

Rest only occurs from right occursus at equal speeds (Theorem §12) but in that case, the body still 

contains two equal contrary conatus (by Foundations §12) that are being realized continually at 

every moment (by Foundations §17 and Foundations §7). In other words, moving bodies exert 

their conatus as motion while resting bodies exert their equal opposite conatus; in either case, there 

is conatus which is the principle of motion and, hence, bodily action. No body (moving or resting) 

is without conatus and conatus is the principle of motion, and motion is bodily action, therefore 

there is no body without action. 

 It is clear that Leibniz was aware of this type of reasoning. Although he does not explicitly 

endorse the Activity doctrine in the Theoria motus abstracti, he uses this type of argument to make 

a number of conclusions about the nature of bodies in other texts from the pre-Paris period. For 

example, in the 2nd preparatory work of the Theoria motus abstracti (1669/70) he proposes an 

argument that no perceived body can be at rest because “every body that is sensed affects the 

perceiver [agit in sentiens]. Every action of a body is motion. Therefore, every body that is sensed 

moves.” (A6.2.165). This means that even before writing the Theoria motus abstracti Leibniz was 

convinced that all activity of a body is motion78 and that all bodies (as long as they are perceived) 

move, so they all act.79 

 
78 A related question is whether Leibniz thought at this time that the essence of body is motion. Robinet has asserted 
that this claim follows from the quotation above (A6.2.165), see Robinet (1986: 166). Bassler disagreed with Robinet 
saying that the conclusion is premature, see Bassler (2002: 222). For additional discussion see Garber (1982: 160-84) 
and Mercer (2001: 161). It is important to note that our claim is not that the essence of body is motion but that all 
bodily activity is motion. 
79 Some scholars have taken this argument further to claim that bodies that do not move and are not perceived, do not 
exist; the conclusion, they say, is akin to the Berkeleyan idealism: “This Berkeleyan phenomenalism is exactly the 
kind of position that Leibniz flirted with starting in the mid-1670s and continued to play with in his later years” (Garber 
2009: 26). However, there is an alternative way to interpret the passages. Leibniz’s argument is that all moving bodies 
are perceived and that “there is no intelligible cause of rest” (A6.2.165). Leibniz thinks there is no cause of rest because 
at that time he still believed mutual rebounding to be an abstract outcome of right occursus with equal speeds (see 
section 1.5). So, it follows from Leibniz’s arguments that all bodies are moving and hence are perceived but there is 
no established relation between percipi and esse as the Berkeleyan idealism would suggest. In fact, “existence” as a 
concept is never mentioned in this draft. 
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 Another argument endorsing the Activity doctrine was made by Leibniz shortly after 

writing the Theoria motus abstracti. It was part of his reflections on the vacuum and the 

propagation of light. According to Leibniz, the propagation of light requires a medium (light 

cannot pass through a vacuum) because “light is an action of a luminous body” (A6.3.15),80 and 

“all action of a body is motion or conatus, as I assume is demonstrated elsewhere,81  so light will 

also be either motion, or pressure, that is conatus” (A6.3.15), and motion can only be transferred 

through to a contiguous body because “there is no action in a distant body“ (A6.3.15). The 

argument, again, relies on the supposition that every action of a body is motion and that every 

body acts through conatus and its resulting motion.  

 In another series of drafts called Demonstratio substantiarum incorporearum (1672) 

Leibniz goes as far as to claim that “conatus is, in fact, the beginning of action” (A6.3.80) and 

since the system of the Theoria motus abstracti provides the claim that every body (even resting) 

has conatus, then it is easy to make the conclusion that every body has action. Therefore, it seems 

that the supposedly reformed claim that all extended substances (or bodies) must act and all agents 

are substances has nothing in conflict with Leibniz’s previous conception of body in the 

Hypothesis physica nova and Theoria motus abstracti. Moreover, it seems to be a theorem of the 

system and Leibniz was aware of it. 

 There is only one concession, however, for the Activity doctrine to be true in the Theoria 

motus abstracti and the Hypothesis physica nova. The argument presupposes that all bodily actions 

 
80 Cf. also “Since light is the action of a body, it is therefore either motion or pressure” (A6.3.7). It is clear from this 
that Leibniz did not stop to see all bodily activity through motion after writing the Theoria motus abstracti. In this 
instance, he also mentions pressure but pressure is itself understood in terms of motion: “all pressure is a beginning 
of motion” (A6.3.9). 
81 There is no clear passage that could support this claim but Leibniz must be referring to one of his published works 
and the only one that would fit this role is Theoria motus abstracti. 
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must be understood as motions. By abandoning his early system Leibniz could be denying 

precisely this premise.82 We will consider this option in the next section. 

 Another potential explanation of how metaphysics was important for Leibniz in 

abandoning the early physical system can be found in his comments on Descartes’ Principia 

philosophiae in the winter of 1675/76:  

 

“In part 2., sec. 4. and 11. Descartes says that the nature of the body consists in extension 

because other qualities can be removed without destroying (let me use a term) corporeality. 

Yet it seems to me that there are other qualities beyond extension which cannot be removed 

from a body, that is, impenetrability or the quality that makes another body react (quae 

facit, ut corpus corpori cedat) and I cannot see how it could be derived from extension” 

(A6.3.215).  

 

Leibniz is suggesting that Cartesian mechanics, which relies solely on extension, cannot explain 

impenetrability and bodily interaction.83 For that purpose, impenetrability must be admitted as the 

basic and irreducible quality of bodies. Let us call this claim the Impenetrability doctrine. 

 Garber argues correctly that in the system of the Theoria motus abstracti and the 

Hypothesis physica nova the abstract explanation of resistance consisted entirely in the 

 
82 Mercer presents a metaphysical reading of De transubstantione and discusses Leibniz’s account of substance that 
is implied. She does not address the claim that all bodily activity is motion but emphasizes the relation between activity 
and substantiality: “Leibniz’s solution to the problem of transubstantiation depends both on a careful distinction 
between mind and body and on the fact that anything with a principle of activity is itself a substance.” (Mercer 2001: 
86). These two reading are not contradicting each other. What we would add to Mercer’s explanation is that the activity 
of a substance does not consist entirely in motion, otherwise that doctrine would also be a postulate of the Theoria 

motus abstracti. Some other readings of De Transusbtantione are Garber (2009: 40-43) and Antognazza (2007: 37-
41). 
83 On Descartes’ view of impenetrability see Garber (1992: 145ff). Descartes thought that impenetrability is an 
essential quality of bodies because it follows from the notion of extension. Thus, Leibniz proposed the 
counterargument that indeed it does not follow from extension. 
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composition of conatus: “Leibniz constructs his abstract theory of motion on the conviction that 

the outcomes of collisions are determined by simply combining the instantaneous motions 

(conatus) of the two bodies at the moment of collision; body as such offers no resistance to motion 

and so the size or size of the bodies in question plays no role whatsoever in the outcome of a 

collision” (Garber 2009: 16). Garber also emphasizes that this view came to Leibniz from Hobbes. 

This is accurate with a small proviso that Leibniz still had an account of impenetrability. The 

composition of conatus was aimed to explain impenetrability, so Leibniz does not deny it, he just 

wants to reduce it to what he considers a more basic (and more abstract) quality of bodies. 

 With that in mind, the Impenetrability doctrine, unlike the Activity doctrine, would indeed 

mark Leibniz’s break with his earlier physics. His earlier system was based entirely on the 

composition of conatus and phoronomical explanation of motion and coherence. Leibniz has 

previously thought that the abstract study of motion (phoronomy) provides a rigorous definition 

of motion that can be reconciled with all corporeal phenomena with a supposition of the single 

hypothesis of ether. By endorsing the Impenetrability doctrine Leibniz would be breaking up with 

the hierarchical model of doing physics because impenetrability is simply not a purely abstract and 

geometrical quality.84 Admitting it as one of the essential attributes of body would collapse the 

distinction between the abstract and concrete study of motion and their hierarchy. Thus, the 

Impenetrability doctrine rather than Activity doctrine could be considered as the real break with 

Leibniz’s earlier (hierarchical) physical methodology and early physics in general. 

 
84 This view might be somewhat controversial. For example, Garber counts impenetrability among the “broadly 
geometrical properties” (Garber 1995: 271). This has grounds in the Leibnizian corpus, as Leibniz writes to De Volder: 
“this is not inconsistent with common notions of body sought in pure geometry, i.e., those that can be derived from 
extension and impenetrability alone” (Leibniz 2013: 331). However, it remains true that at least in this period for 
Leibniz the denial that impenetrability is derived from extension meant that it was not abstract or, to adapt Garber’s 
phrase, it was not strictly geometrical. So, the admission of impenetrability as a basic quality of bodies (the 
Impenetrability doctrine) still constitutes a break with the early physics. 
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 However, it is not obvious why Leibniz would suddenly want to include impenetrability 

among the basic qualities of bodies. In 1676 he provides the following reason: “The best 

demonstration that body is different from space or extension comes from the fact that sole notion 

of extension or length, breadth and depth is unable to demonstrate impenetrability or that two 

extended [bodies] cannot be at the same time in the same place, or that it is impossible to have two 

extended solids congruent with each other, i.e. solids, which have points that would have no 

distance from the other body’s points” (A6.3.585). Leibniz cites this as the reason for the 

Impenetrability doctrine but his earlier physics was at least in principle capable of explaining 

impenetrability. Within the early framework, bodies act and react through the composition of 

conatus (Foundations §12), so bodies do not penetrate each other because their conatus are 

composed upon collision. The only conspicuous difference seems to be that the earlier system 

requires the sides or points of bodies to overlap for one moment in which they collide (Foundations 

§13 and Foundations §15). During that moment their conatus are combined and the reaction arises 

from this. Postulating impenetrability as a basic quality would remove the need for the momentary 

merging of the boundaries of bodies. We will continue the analysis of this point in the next 

subsection on theology and it will prove to be crucial. 

 To sum up, if considered solely from a metaphysical point of view, it remains unclear how 

Leibniz would ground the Impenetrability doctrine or the Activity doctrine which claims that all 

substances must act but, supposedly, not all actions are motions. The Activity doctrine was at least 

to a certain degree already present in the earlier physics. Also, the arguments for the 

Impenetrability doctrine do not directly follow from it. However, both of these aspects begin to 

make sense if we consider Leibniz’s approach to the theological doctrine of real presence. 
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4.2. Physical possibility of consubstantiation 

 

 As we have seen in the previous section, two main points of contention for Leibniz with 

his own early system was the Activity doctrine and the Impenetrability doctrine. The Activity 

doctrine states that every substance is acting. However, this is not contradictory to Leibniz’s early 

system. It would become contradictory only if we assumed that not all bodily action is motion. 

The Impenetrability doctrine claims that impenetrability is a basic and irreducible attribute of 

bodies. Yet the motivation for these claims is not clear from metaphysical considerations alone. In 

this section, we will see that this motivation can be found in theological considerations regarding 

real presence. 

 The issue with the Impenetrability doctrine boils down to the fact that the Theoria motus 

abstracti requires a momentary merging of points or lines of bodies during a collision to explain 

impenetrability. Suddenly, Leibniz finds this no longer acceptable: “The best demonstration that 

body is different from space or extension comes from the fact that the sole notion of extension […] 

is unable to demonstrate […] that two extended [bodies] cannot be at the same time in the same 

place” (A6.3.585). Leibniz is unhappy with his previous account of impenetrability exactly 

because collisions were considered as a moment in which two extended bodies are at the same 

time in the same place.  

 The sudden change of mind can be illuminated by asking a general question – what is 

problematic about having two bodies in the same place at the same time according to the 

phoronomical picture of the world? First and foremost, it appears to infringe on the criterion of 

individuation because if bodies are just pure extension, they are individuated by their dimensions 

and common motions. This is clear from Leibniz’s explanation of coherence and unity of bodies 
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in the Theoria motus abstracti.85 However, if they overlap in some regions of space even for a 

moment, individuation between them becomes problematic. 

 Leibniz had an elaborate workaround for this particular problem in the Theoria motus 

abstracti. He maintained that “parts” are different from “points.” The former are extended and 

infinitely divisible whereas the latter are unextended at all (Foundations §1–5).86 In this way, he 

could conceive of multiple points of conatus being present in the same part of matter. However, 

this could only subsist for a moment because conatus continually turns into extended motion 

(Foundations §17) and there cannot be two moving parts (as opposed to points) in the same region 

of space at the same time. This was the theoretical groundwork for Leibniz’s explanation of 

collisions in the Theoria motus abstracti. 

 Generally speaking, since there are no easily conceivable physical events in which it would 

be required to account for multiple coinciding bodies, especially for longer periods, this 

explanation might not seem problematic. However, there is one exception in theology that requires 

exactly this. It is the doctrine of real presence. Leibniz recognized the doctrine of real presence to 

be a part of the mystery of the Eucharist and formulated it like this: “One and the same body of 

Christ (who has suffered for us on the cross) is really present by its own substance in every host 

of the Eucharist” (A6.1.515). It was important for Leibniz to have a physical explanation of the 

possibility of this mystery. This need follows from his general approach to knowledge and faith. 

 
85 When two separate bodies collide, they begin merging for a moment. The same process is the definition of coherence 
for Leibniz (Cf. Foundations §16), meaning that coherent bodies are already overlapping on their extrema. See our 
discussion in section 2.2. 
86 A recent discussion of points and parts in the Theoria motus abstracti is found in Arthur (2018: 90ff). Arthur 
explains the main idea of merging in collisions as follows: “The basic idea is that the indivisibles of a body are not 
minima, or partless points, but have an infinitely small quantity that is proportional to the body’s endeavour to move 
at a given instant. The endpoint of a body in motion therefore occupies a greater (yet still infinitely small) space than 
one at rest. Consequently, when one body impels another, or endeavours to move it, it has already begun to penetrate 
it” (Arthur 2018: 93). 
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 As Antognazza rightly observes, Leibniz viewed Christian mysteries in terms of 

probability rather than proof:  

 

“In cases such as that of the real presence of the body of Christ in the Eucharist or of the 

Trinity in God, a conflict between the text and reason arises. However, Leibniz at once 

points out that it is not an absolute conflict, that is, an irreconcilability based on the 

impossibility that what seems to be asserted by the text can actually occur, but a “conflict 

of probability”: that is, both the real presence in the Eucharist and the Trinity in God are 

probable according to the text, but improbable according to reason” (Antognazza 2007: 

57).  

 

This is important because faith for Leibniz requires believing in something improbable; however, 

it cannot insist on believing something impossible. Antognazza rightly emphasizes this point: 

“Priority should be given to the text [sc. of the Scripture], but with the addition of an important 

proviso: one must give credit to what is said in it, provided this does not involve any proven 

contradiction (‘dummodo possibilis’)” (Antognazza 2007: 58).  

 This is why it was important for Leibniz to show that real presence, however improbable, 

was both physically and metaphysically possible. Otherwise, there could be no faith in them. In a 

text De demonstratione possibilitatis mysteriorum Eucharistiae (1671) he explains further what it 

would mean to show the possibility of something:  

 

“To demonstrate the possibility of something is to explain some Hypothesis or possible 

way [modum possibilem] (possible, i.e. clearly and distinctly intelligible), supposing 
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which, it follows that the thing is produced: or to show in which manner [ostendere qua 

ratione] a given problem could be construed, at least by God. [...] [A]lthough we cannot 

solve [them] by the work itself, yet we can do so by contemplation, i.e. we can demonstrate 

a possible way clearly and distinctly, which it is now our intention to exhibit in the 

Mysteries of the Eucharist” (A6.1.515, tr. Antognazza 2007: 60).  

 

 Leibniz’s goal in explaining the mystery of the Eucharist is to find a fitting hypothesis 

under which it would be possible. He does not propose his exact hypothesis in the De 

demonstratione possibilitatis but he is clear on the fact that other solutions do not satisfy him: “No 

one that we publicly know has demonstrated the possible way of transubstantiation (which is the 

same as real presence, not to repeat myself)” (A6.1.516). Let us focus briefly on the Cartesian 

attempts to explain real presence. 

 Nason argues that the main question that Descartes faced while dealing with the Eucharist 

was this: “If the essence of material stuff is its extension, and if the volume or extension of the 

host remains the same, how can it be said that the bread and wine have been converted into the 

body and blood of Christ?” add to that another one: “how can the body and blood of Christ be in 

many different places at the same time?” (Nason 1946: 454). Descartes tried to answer both of 

these questions in his letters to Father Mesland.87 The main line of argument that Descartes took 

was to distinguish between organic bodies and inorganic bodies claiming that in the case of the 

essence of organic bodies (as is Christ’s) one must also consider the relation between mind and 

 
87 The relevant passage of the Descartes’ letter is in Descartes (1991: 242-243). Stuart has offers a philosophical 
reading of this correspondence in Stuart (1999: 96ff). 
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body. However, this essentially undermines his doctrine of the body as extended substance. If the 

body of Christ must be res extensa, then the argument is not sufficient. 

 In fact, none of the Cartesian solutions to the mystery of the Eucharist were widely accepted 

and this was one of the reasons why Cartesianism was persecuted, especially in France. Bouillier 

in his Histoire de la philosophie cartésienne (1854) describes the situation as follows: “The danger 

[for Cartesian philosophy] can be seen above all in the question of the Eucharist. The 

incompatibility with the Eucharist as it was defined in the Council of Trent, now that is an 

accusation that in France and other catholic countries will pass in the forefront as the greatest 

danger for Cartesian philosophy” (Bouillier 1854, 1:431–432). As Bouillier continues to show, 

there was also little interest in really examining the Cartesian explanation of the Eucharist 

(Descartes’ letters to Mesland went largely ignored).88 Descartes’ strategy in regard to the 

Christian mysteries was to avoid discussing them, as Mercer puts it, “the doctrine created 

particularly grave problems for mechanical philosophers like Galileo, Gassendi, and Descartes. As 

a consequence, many mechanists simply ignored the pronouncements from Trent. Descartes, for 

instance, tried to avoid the controversy as much as possible” (Mercer 2001: 82).  Be it as it may, 

Leibniz was of the opinion that it was exactly the Cartesian conception of the body as extended 

substance that hinders any sensible explanation of the Eucharist within the mechanical framework. 

 What Leibniz wanted to do is to provide an explanation of the possibility of real presence 

that would be acceptable also in physical science. As Goldenbaum notices, “Leibniz wants to show 

only a possibility, how the mysteries could happen [...]. In his opinion, such a demonstration of a 

possibility had to be convincing to the mathematical philosophers of his time” (Goldenbaum 1999: 

93). Leibniz expresses his own views on real presence in the first ever letter to Arnauld in 1671. 

 
88 Boullier’s view is presented in Bouillier (1854, 1:450-5). Ariew gives a detailed account of the affair in Ariew 
(1999: 140-150). 
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Not coincidently, he begins his explanation of the Eucharist by expressing his views on motion in 

the Theoria motus abstracti: “I first understood that the essence of body consists not in extension, 

as Descartes had thought, […] but in motion […] (there is no absolute rest in bodies)” (A2.1.281). 

Leibniz was distancing himself from the notion of extension and placing emphasis on motion and 

conatus as the essential properties of bodies. As we have observed previously, conatus was 

considered by Leibniz to be unextended, much like a point (as opposed to a part, Foundations §1–

5), which allowed him to write to Arnauld that “the principle of motion or the substance of body 

lacks extension” (A2.1.281). We also know from the propositions of the Theoria motus abstracti 

that collisions require multiple conatus to coincide in one body (Foundations §12), so Leibniz 

presents this to Arnauld as the way in which “the substance of the same body is in multiple 

disparate locations” (A2.1.281). That was Leibniz’s demonstration of how real presence is possible 

according to the principles of his early physical system. Two bodies can be in the same space 

through the merging of their conatus in a single part of extension. 

 There are, however, drawbacks to this account and Leibniz became well aware of them. 

The coincidence of point-like conatus in one extended part (Foundations §12) was only designed 

to account for collisions. But collisions are only momentary and conatus, which by definition last 

only a moment (Foundations §7), are being continually realized or composed (Foundations §17), 

which means that even if the conatus of Christ’s body and the host would be composed for a 

moment, that union would not subsist for any longer. This is why in the De demonstratione 

possibilitatis Leibniz asked a peculiar question: “Is real presence or transubstantiation […] 

momentaneous and lasts no longer than a moment in which it is used […]; or does it last from 

receiving the consecration to the time in which its species is destroyed“ (A6.1.516). Leibniz asked 

this because only in the first case his explanation would be relevant. However, even then it is quite 
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apparent that the same account of collision and real presence would not be satisfactory because it 

would imply that every collision involves transubstantiation thus deflating the mystery of the 

Eucharist to a mundane level. This was something that Leibniz would not want to claim.89 

 He eventually abandons the Theoria motus abstracti based explanation of the Eucharist 

and reforms his solution. According to him, if we define substance through its actions, then “it will 

follow that not only minds but also all substances are in their place only through operation“ 

(A6.3.158). After all, the mystery of the Eucharist is not a doctrine solely about the location of 

objects. Ultimately, the mystery tries to convey a certain effect on believers and it is about what 

the host means and what it does in the liturgy rather than where bodies are. Leibniz rightly observes 

that the actions of a substance are more adequate in explaining the meaning of the Eucharist. Thus, 

he makes the conclusion: “Consubstantiation of bodies is resolved into transubstantiation [...] 

which will be admitted by those, who will understand the true and inevitable notion of substance” 

(A6.3.159). 

 Having considered this, we can describe the relationship between the Activity doctrine and 

the Impenetrability doctrine, both of which are reasons for abandoning the early physics. As we 

have seen, the Activity doctrine was implied in the Theoria motus abstracti but only with the 

supposition that all bodily action is motion. At the same time Impenetrability doctrine was not true 

for the Theoria motus abstracti because impenetrability was explained away by the composition 

of conatus – it was not a basic (phoronomical) quality of bodies. Putting these two things together 

meant that transubstantiation, exactly like collisions, was possible only momentarily because 

conatus is continually turned into motion. It was still better than the Cartesian alternative because 

 
89 This was an argument that Leibniz also employed against the occasionalists. According to Leibniz, the occasionalist 
doctrine employs divine intervention in every action and thus diminishes the importance of this mystery. For 
discussion see Adams (1994: 87-88) and Jolley (2005: 121-134). 
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it allowed at least for momentary consubstantiation, which Leibniz emphasizes in the letter to 

Arnauld (A2.1.281), but this solution was not fully satisfactory. Most importantly it made the 

mystery of the Eucharist a common event. On the other hand, if one embraces the Activity doctrine 

and accepts that not all action is motion, then one can say that substances are individuated by their 

actions, so it is possible for Christ to be in the host through his actions, whereas impenetrability is 

accepted as a basic quality of bodies and does not need to be reduced to the composition of conatus.  

 Summa summarum, Leibniz saw that his views on bodily action as motion and 

impenetrability lead to a misguided interpretation of the Eucharist. The solution was to, first, 

endorse fully the activity principle of individuation: “not only minds but also all substances are in 

their place only through operation“ (A6.3.158); and, second, to abandon the explanation of 

impenetrability through the composition of conatus admitting it among the basic qualities of 

bodies. 

 This constitutes Leibniz’s break with his previous physics. Leibniz became critical of 

strictly phoronomical explanations because they did not properly account for impenetrability. The 

problem with it was that the reduction of impenetrability into geometrical qualities had also 

reduced all action to corporeal motion which in turn brought about theological issues. Significant 

methodological implications followed from this, most importantly, the erosion of the hierarchy 

between the abstract and concrete study of motion that was one of the greatest virtues that Leibniz 

attributed to his earlier project.  
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5. Logical Foundations of the Reformed Physics 

5.1.Demonstrative physics and logical demonstration: De Arcanis Motus (1676) and letters 

to Foucher (1675) 

 

 In the previous two sections, we discussed why Leibniz abandoned his previous physical 

system. The conclusion was that it had to do with his improved knowledge of mathematics but 

also with metaphysical and theological considerations about the activity of substances and 

impenetrability, as well as the mystery of the Eucharist. In sections 5.1, 5.2, and 5.3 we are going 

to discuss the foundations of constructing the new reformed physics. We will be arguing that 

Leibniz constructed his reformed mechanics based on formal logical ideas about demonstration. 

 De Arcanis Motus (1676) was Leibniz’s best attempt in the period to specify the 

foundations of a reformed physical science. He begins the text by proposing the following 

statement:  

 

“The elements of a mechanical science will only seem complete when the effects will be 

predictable from sufficient data using only geometry and calculation. For that to be true, 

though, it is necessary to reduce the laws of motion, which so far appear in various forms, 

to a single principle through which we will be able to derive analytical equations” 

(A8.2.133).  

 

“Analytical equations” or Aequationes analyticae is not a common term for Leibniz but it appears 

in some of his mathematical writings. Knobloch argues that “Leibniz identified analyticity with 

calculability which becomes a key notion of his ideas in this context. He completes and perfects 
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the analysis, so that geometry is subjected in all its extent to the analytical calculus. This becomes 

possible thanks to his principle of general equipollence rigorously justified in his treatise on 

Arithmetical Quadrature” (Knobloch 2015: 108). In the De Arcanis motus Leibniz is building 

similar foundations of physical calculus based on the equipollence relation between full cause and 

entire effect. We are going to argue that in a more general sense for Leibniz, calculability also 

implies demonstrability since he understood demonstration as a reduction to identities and the 

equipollence relation is a kind of identity.  

 In his statement in the De Arcanis Motus, Leibniz apparently presents mechanics as a 

formal science in which propositions are derived from a single analytical principle. His previous 

methodological structure of the abstract and concrete theory of motion lacked analytical certainty. 

It was as certain as the proposed hypothesis was simple and able to explain the phenomena. The 

new approach in the De Arcanis motus presents mechanics as an analytical procedure through 

which laws will be derived from a single principle taken as an axiom. The certainty of mechanical 

explanation will be based on the certainty of the first axiom and the derivation method, not 

hypotheses and their simplicity. This is a significant shift in Leibniz’s methodology. In what 

follows, we are going to investigate how he arrived at this new vision of mechanics and physics. 

 Already in late 1671, shortly after the publication of the Hypothesis physica nova and the 

Theoria motus abstracti, Leibniz wrote a text called Specimen Demonstrationum de natura rerum 

corporearum (1671) criticizing the hypothetical approach in physics. According to the Specimen 

Demonstrationum, many philosophers have supposed that we observe the world as clockwork but 

the causes of this clockwork are not seen on the surface, so possible causes or hypotheses had to 

be constructed. According to Leibniz, “the same effect while it is still not defined and described 

with all the circumstances can result from various causes” (A6.2.300). These possible causes were 
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called hypotheses. So, the philosophers believed that “hypotheses are the truer, as the smarter their 

author is” (A6.2.301).  

 The same idea is repeated almost verbatim in the first draft of Summa 

hypotheseos physicae novae (1671) but with an expanded explanation. 

Leibniz proposes the following figure (fig. 3) claiming that “the same effect 

[...] can arise from various causes, much like a square abcd can arise from 

triangles adb and acd, or from two parallel rectangles abef and efcd” (A6.2.327–328). Therefore, 

a possible cause or a hypothesis “cannot promise to have demonstrated the internal structure of the 

clockwork, and thus if the inside is not torn apart or unveiled, it will not improve it or predict any 

future unobserved phenomena” (A6.2.328).  At that point Leibniz strongly commits not to use 

hypotheses at all: “I promise that I will use no hypothesis and nothing will be added if I do not 

think that it can be inferred from the senses by necessary consequence” (A6.2.303). Both of these 

Entwürfen (A6.2.N451 and A6.2.N481) show Leibniz’s dissatisfaction with the hypothetical status 

of physics which was similar to his own early methodology and it does speak to the fact that he 

wanted to find more stable foundations for the physical science.90 

 Further insight into Leibniz’s new foundations is found in his comments on the manuscript 

of Mariotte’s Essai de logique. Mariotte’s work carries a somewhat misleading title. The treatise 

itself deals with the principles and methodology of natural science rather than logic in a formal 

 
90 It is a matter of debate what exactly is the object of Leibniz’s criticism here. Some candidates are the Cartesian 
hypothetical model of physics, Hobbes’ physical methodology that Leibniz has followed in his early system, and 
Leibniz’s own early system which considered the simplest hypotheses as the goal of a physical theory. Some ground 
for the second option is found in the fact that Hobbes seems to have spoken about “possible causes” in natural 
philosophy in analogy to geometrical constructions, see Horstmann (2001: 487-501). Leibniz might be breaking with 
the Hobbesian tradition that he had previously endorsed. However, both Hobbes and Descartes seem to agree on this 
methodological point and the particular “clock analogy” actually comes from Descartes (Laudan 1966). 

Fig. 3 
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sense. The Essai de Logique appeared in 1678 but Leibniz, being an acquaintance of Mariotte,91 

got his hands on an earlier manuscript of the first part in 1676.  

 In the preface of the Essai de Logique Mariotte discusses the way that philosophers have 

treated the principles of sciences (les principes des sciences). The main reason for errors, according 

to Mariotte, was that “their logic was flawed, especially with regard to definitions and the method 

which one must follow to correctly establish a hypothesis” (Mariotte 1678: ii). Mariotte then poses 

general guidelines, for example, to always use the terms in the way that they were defined and to 

give the same name to similar things and different names to dissimilar things to avoid equivocation. 

He also proposes a number of fundamental principles and propositions (principes et propositions 

fondamentales) of physical methodology. Two things particularly caught Leibniz’s attention while 

reading the manuscript. One was the degree of certainty given to the foundations and the source 

of that certainty. The other was the relation between cause and effect that Mariotte described in 

what he called “Principles of establishing the science of natural things” (Mariotte 1678: 8). The 

latter aspect of their disagreement will be discussed in the next section. For now, we will focus on 

the certainty of principles which seem to have been a strong concern for Leibniz at that time. 

 The argument that Mariotte has put forward in relation to the certainty of the foundations 

of knowledge was Cartesian. The foundations, or first truths, had to be self-evident and they had 

to be something that could not be doubted. The first and exemplary foundation for Mariotte was 

that “For all that we think about, it is true that we think about it” (Mariotte 1678: 2). Mariotte has 

also called the first principles “principles of knowledge (principes des connoissance)” (Mariotte 

1678: 3) thus emphasizing their introspective criterion of certainty echoing Descartes: “we reject 

 
91 They had met in 1673 during Leibniz’s trip to Paris (Antognazza 2008: 170n199). 
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all merely probable cognition and resolve to believe only what is perfectly known and incapable 

of being doubted” (AT X 362/D.1.10).92 

 According to Mariotte, “there are such certain and self-evident propositions that we cannot 

doubt their truth, provided we agree on their definitions. And they are received as certain and 

infallible without supposing any previous knowledge” (Mariotte 1678: 3–4). Mariotte’s intention 

was to establish definitions that will serve as the foundations or first truths which in turn will 

provide certainty to particular scientific claims. Thus, the true foundations of science can only be 

evident propositions: “the propositions that are not first truths cannot serve as principles to prove 

others as long as they are themselves not proved” (Mariotte 1678: 5). 

 However, for Mariotte, the ultimate criterion for what is evident and counts as first truths 

remained introspective. Leibniz disagreed. Commenting on Mariotte’s claim that his first truths 

“are certain by themselves”93 Leibniz noted that “there is no other sense of ‘certain by themselves’ 

than being identities” (A6.3.328). Leibniz was replacing Mariotte’s Cartesian introspective 

criterion of certainty with his own formal criterion according to which only the propositions of the 

form of an identity are absolutely certain or certain by themselves. When Mariotte goes on to 

include geometrical theorems as first truths, Leibniz retaliates: “The absolutely first or identical 

truths are for example ‘a thing is equal to itself’; ‘A is A’; ‘A is not not-A’; but not otherwise. For 

example, people have believed that the proposition ‘the whole is bigger than its part’ is not a 

universal truth” (A6.3.328). Instead of Mariotte’s definition of principles as something that cannot 

be doubted, Leibniz was enforcing a formal criterion for a foundation or principle of natural 

 
92 It is not entirely clear whether Mariotte had access to Descartes’ Regulae ad directionem ingenii since it was only 
published in 1701 but has circulated in the learned circles as a manuscript through Clerselier and others (see Heffernan 
1998: 48-52).  However, Mariotte was clearly aware of the Cartesian method overall, see Roux (2011: 31-36). 
93 Mariotte’s published phrasing was: “Les verités premieres ne doivent point estre prouvées par d’autres verités 
premieres, puis qu’elles sont tres certaines d’elles-mesmes” (Mariotte 1678: 5). 
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science. According to Leibniz, whatever can ground scientific knowledge, must be an identity 

because only identities are certain by themselves. 

 Leibniz made a similar point in the contemporary correspondence with Foucher (1675). 

Foucher was famous for promoting academic skepticism in early modern France. In his early years 

after studying at the Sorbonne with Jacques Rohault, he became a Cartesian with an experimental 

twist (typical of Rohault)94 and engaged in experiments on hygrometry.95 Later, he became a 

follower of the New Academy which held that “one should recognize only vérité évidente as the 

criterion of truth” (Watson 1969: x). Foucher admitted that only the knowledge in mathematics 

based on the principle of non-contradiction was certain and denied all knowledge of the external 

world. This is why he was called “restaurateur de la philosophie académicienne.”96 

 In his letters to Foucher, Leibniz expressed affinity with him: “I agree with you that it is 

important once and for all to examine all our presuppositions in order to establish something 

certain [quelque chose de solide]” (L.151/A2.1.387, modified tr.). Leibniz was sympathetic to 

Foucher’s intention to investigate the foundations of knowledge. However, they had different 

approaches to that goal. Foucher’s version of skepticism sought to show that all knowledge of the 

external world has a hypothetical and probable character and no claims about it can be established 

with absolute certainty.97 Leibniz thought he had a way to go beyond hypothetical knowledge:  

 
94 Rohault’s Traité de physique (1671) had a lot of success as a textbook. In its French and Latin forms, it was used at 
the universities of Utrecht, Frankfurt, Groningen, Louvain, and Leiden. Rohault’s treatise applies Cartesian principles 
to many experimental areas, like astronomy, geology, and anatomy. Rohault is seen as part of the Cartesian Empiricism 
strand. See Roux (2013). 
95 See Watson (1969: vi). Foucher published two treatises on subject, one in 1672 and another in 1676 (Foucher 1672; 
1676). 
96 This name is due to the apology of academic skepticism in Foucher’s Dissertation sur la recherche de la vérité 

(1673). For the famous use of it, see Baillet’s La vie de Monsieur Descartes (1946: 532) which then continued in 
various dictionaries and compendiums, e.g. Dictionnaire des sciences philosophiques (1844, 1: 453) and Fragments 

philosophiques (1866, 4: 144) by Victor Cousin. 
97 There is an interesting story of the reception of Academic views by Foucher. As Armour argues, Foucher’s main 
source about the New Academy was Philo of Larrisa: “Foucher always insists that his roots are in the Academy and 
only Philo of Larissa’s project seems to meet his whole-hearted approval” (Armour 2003: 101). Philo himself 
embraced a kind of systematic view of experience: “The crux of the matter for Philo, though, was that we should not 
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“You will grant us all hypothetical truths which affirm not that something does exist 

outside of us but only what would happen if anything existed there, so we at once save 

arithmetic, geometry and a large number of propositions in metaphysics, physics, morals, 

whose convenient expression depends on arbitrary, yet selected definitions [definitions 

arbitraires, mais choisies], and whose truth depends on those axioms which I want to call 

identical. [...] But although you do not enter explicitly into an examination of hypothetical 

propositions, I am still of the opinion that this should be done and that we should admit 

none without having entirely demonstrated and resolved it into identities” (L.151–

152/A2.1.387, modified tr.). 

 

 Leibniz sees himself as following Foucher’s agenda of scrutinizing knowledge through 

skeptical consideration. The difference between him and Foucher is that the latter, as is typical for 

an academic skeptic, is content with having arrived at a proof that a proposition is only 

hypothetical. For Leibniz, the quest for foundations remains incomplete until a proposition is 

resolved into its simplest constituents and shown to be a formal identity.98 Analysis, or reduction 

 
try to build our knowledge on single experiences, but on extended patterns of them. We must focus on the idea of 
knowledge as a system which is built according to reason and which is to be used to make sense of the world in which 
we live. In Foucher’s view, [...] such a system provides a fruitful soil in which divine inspiration can lodge in our 
minds” (Armour 2003: 100). So, Foucher thought that our knowledge of the external world is hypothetical in a sense 
that it depends on the whole system of experience and we cannot have knowledge of an isolated observation. Leibniz 
might be referring to this view. 
98 Couturat comments on a similar exchange between Conring and Leibniz a couple of years later: “but here Conring 
objects that there exist indemonstrable propositions, namely axioms. Leibniz denies this: he agrees that we could, that 
we must even, for ease and for the progress of science, admit axioms or postulates without demonstration; but he 
maintains that all axioms admitted in this way must be demonstrable. And indeed, from where else would their 
certainty come? It cannot come from experience, for induction could not justify any universal and necessary 
proposition. It is necessary, therefore, that it rest on the principle of identity or contradiction (the only a priori principle 
that Leibniz recognizes). And he boldly concludes that it must be possible to demonstrate all truths with the exception 
of identical propositions (reducible to the principle of identity) and empirical propositions (known by experience)” 
(Couturat 1901: 185, tr. Rutherford). 
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to the simplest constituents, is at the core of what Leibniz saw as his art of discovery or ars 

inveniendi:99  

 

“I am inclined to applaud all who examine even the smallest truth to the end, for I know 

that it is much to understand something perfectly, no matter how small or easy it may seem. 

One can go very far in this way and finally establish the art of discovery [l’art d’inventer], 

which depends on the knowledge of accessible things – but the one that is distinct and 

perfect” (L.153/A2.1.389, modified tr.).  

 

From Leibniz’s comments to both Mariotte and Foucher, it seems clear that Leibniz is intending 

to subject scientific knowledge to analytical proof. This must be applied to physics as well. 

 In his responses to both Foucher and Mariotte, Leibniz is constantly referring to his 

doctrine of reduction to identities which by themselves are certain propositions: “it is clear that the 

identical [proposition] is true by itself, whereas others are true insofar as they are reduced to the 

identical” (A6.4.151). This type of reduction was Leibniz’s idea of a demonstration. If a 

proposition is reduced to an identity, it is thereby demonstrated.  

 The doctrine of demonstration was part of Leibniz’s characteristica universalis project in 

general. As Mugnai rightly notes, the project of characteristica universalis stems from an even 

 
99 There are two ways in which Leibniz uses the term ars inveniendi. One is to refer to a combinatoric discipline which 
is contradistinguished from the analytical ars judicandi (see Dascal 1987: 130). The other common usage of the term 
is to refer to the whole process of analysis and synthesis together which in the 1680s became known as scientia 

generalis. In this instance, Leibniz seems to be employing the latter usage. Akademie Ausgabe editors describe it as 
follows: “The ars inveniendi is synthesis and analysis taken together; the first has the questions, the other is finding 
the solutions” (A6.3.XXVII). Direct support for this can be found in Leibniz as well: “I find two parts of the art of 
discovery, the combinatoric and the analytic. The combinatoric part consists in the art of discovering questions; the 
analytic part in the art of discovering the solutions to the questions” (A6.3.428). However, around 1679 Leibniz has 
called the common project of analytics and synthesis the Characteristica universalis: “yet no one has reached the 
language or the characteristic in which both the art of discovery and the art of judging are contained” (A6.4.264). 
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earlier conviction, expressed in the De arte combinatoria (1666), that contrary to many of his 

contemporaries “Leibniz will understand the syllogism and traditional logic as parts of a broader 

logic [...]; [he] will seek to identify some rules and principles of such a logic” (Mugnai 2001: 233). 

During the later Parisian years Leibniz’s expansion of the syllogistic logic became very much 

involved with algebraic methods: “After his Parisian trip (1672–76) and studies of mathematics 

Leibniz understood logic as a true and genuine calculus” (Mugnai 2001: 233). So, in very broad 

terms, around the time of his discussion with Mariotte and Foucher, Leibniz’s idea of the 

characteristica universalis was to see it as a logical calculus of demonstration that goes beyond 

the syllogistic. 

 The first pillar that supported the Leibnizian characteristica universalis as a logical 

calculus was the passage from the concept of analysis as applied in arithmetic to the analysis of 

relations and orders of ideas. Although Leibniz was at first skeptical about applying such an 

analysis to physical matters,100 around 1675 he became optimistic. He began thinking positively 

of “analysis applied to other things than quantity” (A6.3.412). His approach was grounded in the 

fact that “all thoughts are just simple combinations of ideas“, so if “orders of things and qualities, 

actions, and numerous others“ were expressed in clear unambiguous language, then “they would 

express not a quantity, but the relation or order as with analytical signs” (A6.3.413). In this way 

analysis could be applied outside arithmetic and, ultimately, to physics.  

 In late 1674 Leibniz states very clearly: 

 

 
100 In 1673 he writes: “analysis is hindered in physical matters because we do not know the experiments and we 
discover them only by chance or by wasting way too much time. That is so because in physical matters nothing is 
given for us in such a way that we could know it clearly and distinctly” (A6.3.404).  
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“with the help of analysis, the same can be done in pure mechanics (which does not depend 

on experiments), as in arithmetic and geometry, so [analysis can be applied] in statics, 

hydrostatics, pneumatics, pyroballogy, elastics, oscillatorics, optics, music, nautics, 

astronomy, general geography and numerous others fields [...]. And we can already see 

how widely ars analytica or combinatoria will be used when the formulae and equations 

that now represent only numbers, lines, and other dry and sterile things, will express space, 

motion, time, force and effect” (A6.3.413).  

 

Leibniz transitioned from the initial skepsis of applying characteristica universalis in physics to 

an enthusiastic idea of analytical expressions of concepts that go beyond “dry and sterile” 

(A6.3.413) things and explicitly to “space, time, force and effect” (A6.3.413) which will become 

the key notions of the reformed mechanics. Therefore, Leibniz’s later Parisian texts hint at the way 

in which he thought he could improve on both Mariotte’s and Foucher’s positions by applying 

logic to physics. 

 In sum, both Mariotte and Foucher had advocated, respectively, an introspective and 

hypothetical certainty. Leibniz had a different idea of certainty as an analytical demonstration 

through reduction to identities. During the late Parisian years, Leibniz saw that analytical 

demonstrations could be applied to physical matters and thus give it certainty. As Leibniz has 

pointed out in his comments on Mariotte,101 many axioms that seem certain can be and have been 

doubted. Their certainty does not derive from the introspective criterion. Instead, it derives from 

 
101 Leibniz wrote: “For example, people have believed that the proposition ‘the whole is bigger than its part’ is not a 
universal truth” (A6.3.328 ). Mariotte has include this proposition among the undoubtable first truths, see Mariotte 
1678: 3. 
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the demonstration by reduction to their simplest terms and showing the identity of these terms. As 

Couturat nicely puts it:  

 

“Leibniz shows that in general the insufficiency of the Cartesian rules consists in the fact 

that they are psychological precepts and not logical ones, and that consequently, they have 

a subjective significance rather than an objective one. […] [I]n order to know whether one 

can and must demonstrate a proposition, it is not necessary to ask whether it is obvious and 

indubitable, or even whether one conceives it clearly and distinctly, but only whether it is 

identical, that is, reducible to the principle of identity.” (Couturat 1901: 202-203, tr. 

Rutherford).  

 

 To go back to our initial point, when Leibniz begins De Arcanis motus (1676) by claiming 

that “it is necessary to reduce the laws of motion, which so far appear in various forms, to a single 

principle through which we will be able to derive analytical equations” (A8.2.133) he means the 

possibility of demonstration of physical laws through characteristica universalis. In other words, 

“to reduce the laws of motion [...] to a single principle” (A8.2.133) means to reduce the laws to 

their founding identity102 and therefore to demonstrate them. In this way, Leibniz initiates his quest 

for demonstrative physics that rests on solid foundations. As he wrote to Oldenburg in 1676:  

 

“Creating [the supreme analysis] requires the alphabet of human thoughts, whereas 

inventing such an alphabet requires an analysis of the axioms. However, I am not surprised 

 
102 The term “identity” for Leibniz was the broadest term to capture all relations that can enable the substitution salva 

veritate/quantitate/magnitudine, including equality, coincidence, equivalence, equipollence, congruence, etc. All of 
these relations are kinds of identities. Equipollence, the founding identity of physics, is a type of extensional identity. 
See more on that in section 5.2 and section 5.3. 
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that no one has considered this enough because we often skip over the easy things and 

assume them when they seem clear. As long as we keep doing that, we will never discover 

what seems to me the height of intellectual things and we will never obtain the sort of 

calculus that is accommodated to non-mathematical matters” (A3.1.583).  

 

Leibniz saw the analysis of axioms as a crucial step to establishing the characteristica universalis. 

There is no doubt that the analysis of the axioms of physics was part of this endeavor. In the next 

section we will discuss the founding identical axiom of physics. 



 

90 

5.2.Logical foundations in comments on Mariotte (1676) 

 

 In the previous section, we have drawn a conclusion that Leibniz wanted to build his 

reformed physics within the context of his wider project of characteristica universalis.  That would 

require to express the propositions of physics in an analytical form, so that “formulae and equations 

that now represent only numbers, lines, and other dry and sterile things, will express spaces, 

motions, times, forces and effects” (A6.3.413). To fully grasp the significance of this approach, it 

is necessary to go back to Leibniz’s comments on Mariotte’s Essai de logique. 

 At around the same time that Leibniz was commenting on the manuscript of Mariotte, he 

wrote a short paper on the same topic called Sur les premieres propositions et les premiers termes 

(1676). Both his comments and the short paper reflect on what are the first indemonstrable truths. 

Leibniz argues as follows:  

 

“What I call an axiom is a necessary, indemonstrable proposition. By necessary I mean that 

whose contrary formulation implies a contradiction without being able to demonstrate it 

and that’s a formal identity. [...] Reason shows that ‘A is A’ is a proposition whose opposite 

– ‘A is not A’ – formally implies a contradiction. [...] Thus, true and indemonstrable axioms 

are identical propositions” (A6.3.435).  

 

It is clear from this that the foundations of physics must be necessary and must be either an 

identical proposition, or be in principle reducible to an identical proposition. We have already 

observed that Leibniz wanted to ground physics on firm foundations and to reduce various versions 
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of laws of motion to a single principle (an axiom). That axiom must be a demonstrable and 

necessary identity. 

 In fact, Leibniz has explicitly named the founding identity of physics in a contemporary 

short note Tria axiomata primaria (1674/76?). He claims: “there are three primary axioms: in 

mathematics, that the whole is equal to all parts. In physics, that the entire effect is equipollent to 

the full cause. In civic science, that the world is the best republic or that everything in the world 

happens in the best way” (A6.3.427). Thus, the grounding axiom of physics must be the 

equipollence of full cause and entire effect (the Equipollence principle). At the same time, in the 

Sur les premieres propositions (1676), Leibniz explained that axioms must be necessary 

propositions. It is thus unsurprising that in his notes on Mariotte’s Essay de Logique Leibniz 

defended the necessity of the Equipollence principle. 

 In Mariotte’s view, universal causal propositions, like “water extinguishes fire” (Mariotte 

1678: 20), are a type of universal natural propositions which are only probable (vray-semblable). 

They are certain as much as the particular propositions under them are true and Mariotte notices 

that they are not universally true because they fail in some cases. In the case of “water extinguishes 

fire” there is an exception in which water does not extinguish the fire and that is “camphor fire”103 

(Mariotte 1678: 25). From this counterexample Mariotte makes the conclusion that “it is probable 

(vray-semblable) that causes that are related to each other” – i.e. different kinds of fire being in 

contact with water – “will give rise to either similar effects, or effects that will be related to each 

other, and they will be proportional to their causes” (Mariotte 1678: 26). According to Mariotte, 

the relationship between causes and effects is only probable. Not surprisingly, Leibniz responds to 

this statement that “I believe that this relation is necessary” (A6.3.329). Leibniz believed that the 

 
103 An influential account of camphor at the time would have been Julius Caesar Scaliger’s Exotericarum 

exercitationum liber XV (1557), exercitatio 104, section 8.  
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proportionality between cause and effect is a necessary relation. The necessity of it was a 

prerequisite for establishing the role of the Equipollence principle as the foundational axiom of 

physics. 

 Leibniz’s reformed vision of physics is not the simplest explanation it was in the 

Hypothesis physica nova but an analytical procedure that requires calculation and demonstration. 

For example, Leibniz agreed that the Cartesians correctly saw the proportionality between size and 

speed and that it takes the same motive force to lift a pound to 100 feet and 100 pounds to the 

height of 1 foot. But, according to Leibniz, they were mistaken about the nature of this 

proportionality. Leibniz observes: “it was rather naïvely believed that the efficient cause of 

phenomena must consist in the size and speed of a body. [Cartesians] were mistaken in thinking 

that the hypothesis is grounded only in a probable reason and a series of experiments and is not 

truly demonstrated” (A8.2.134). In Leibniz’s view, these physical propositions can have and must 

have a demonstration.  

 According to the position presented in De Arcanis motus, physics will be subjected to an 

analysis of concepts and it will rest on certain foundations: “In the same way as in geometry one 

of the main axioms is that the whole is equal to all the parts, in mechanics it is that full cause and 

entire effect have the same force” (A8.2.135). Leibniz proceeds in the De Arcanis motus to give a 

logical argument as to why the Equipollence principle cannot be a contingent proposition. He first 

claims that “given a full cause, the entire effect will necessarily follow” (A8.2.135). He even 

proposes that full cause and entire effect are like antecedent and consequent in logic: “Since cause 

and effect, in this case, are like antecedent (prius) and consequent (posterius), they have a 

necessary connection” (A8.2.135). He adds that every necessary connection is demonstrable: 

“from this it is necessary that at least this connection is possible to demonstrate because every 
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necessary proposition is demonstrable” A8.2.135); and also that every demonstration is carried out 

through the reduction to identities: “but every demonstration happens by definitions through the 

resolution to identical propositions” (A8.2.135). Therefore, it is necessary that cause and effect are 

finally reduced to something identical. Couturat also observes a similar point: “necessary 

propositions alone are identical propositions [...] In sum, axioms can indeed be demonstrated by 

means of definitions; but the foundation of their truth is not in the definitions: it is in the principle 

of identity” (Couturat 1901: 187, tr. Rutherford). 

 Thus, full cause and entire effect must be reduced to something identical. That something 

identical must be common to both the cause and the effect. What is identical in them, according to 

Leibniz, is force: “[cause and effect] come together in the fact that both the cause and effect have 

the same force, that is the same capacity to produce another effect, and they differ only in 

applications and situation” (A8.2.136). It follows from this that an entire effect can always 

reproduce its cause or rather something equivalent to it. To paraphrase Leibniz’s description, let 

A, B, and C be three states of the same object o. Let us say that o undergoes all the states at different 

times; then A is a cause of B at t0 and A is a cause of C at t1, but also B is a cause of C at t1. Leibniz 

has no problem admitting that there is a kind of transitivity of roles that causes and effects share 

in relation to each other. The same event (like object o in state B at t0 and t1) can sometimes be a 

cause and sometimes an effect; however, what is identical is their force (A8.2.137). 

 So, far, we have seen that Leibniz disagreed with Mariotte on the relation between cause 

and effect. Mariotte thought that the relation is probable while Leibniz believed it was necessary. 

Also, in De Arcanis motus Leibniz expressed that every necessary proposition is demonstrable and 

every demonstration is made through reduction to identities, therefore cause and effect must come 
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to something identical which he then claimed to be force. Thus, causes and effects are identical in 

their force.  

 One potential problem for Leibniz’s claim that the Equipollence principle is an identity is 

that causes and effects as concrete instances (understood as individuals or actions of individuals 

or events) are clearly not identical to each other. For example, if an icicle drops from the roof on 

the ground and scares the neighbor’s cat, then the icicle’s dropping is not identical to the cat’s 

getting scared. However, there must be something identical there. What is identical, according to 

Leibniz, is the amount of force contained by the system of objects that comprises the roof, the 

icicle, the ground, and the cat before and after the causal event. However, the amount of force is 

something abstract compared to the icicle or the cat. The Equipollence principle cannot be 

established as a relation between concrete actions of individuals or events. It can only be 

understood as an abstract principle relating the amount of force of the causal event and the effect, 

or to be more precise, it identifies the force contained in the system of objects before and after the 

causal event.  

 The distinction between the concrete and the abstract – e. g. the cat’s getting scared and 

the force of that event – is expressed by Leibniz most clearly in a later piece called De Abstracto 

et Concreto (1688)104 where he explains that “it is true that who is wise is also just but it is false 

that wisdom is justice” (A6.4.988), and analogically “it is one thing for there to be a great warmth 

and another for a big thing to be warm. Also, warmth can be multiplied while the warm thing 

cannot; equally, speed is multiplied, although a moving body is not” (A6.4.988). In this example, 

speed is something abstract and a moving body is something concrete. In Leibniz’s nominalist 

 
104 By considering this text we are stepping out of our chronological boungs but there is no better expression of 
Leibniz’s view within the period and it is reasonable that Leibniz had implicitly embraced the position earlier. 
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ontology, there is no speed by itself;105  all the abstract qualities of speed are relations rooted in 

moving things and the way they behave.106 Speed is a type of notion that Leibniz calls a 

“philosophical abstract” (A6.4.989). Philosophical abstracts are usually designated by Leibniz 

using a Greek article, e. g. “sapientia” is represented as “tó esse sapientem” (A6.4.992). In other 

texts Leibniz calls them “logical or notional abstracts” (A6.4.740) and defines them in this way: 

“Beitas ipsius A means nothing else than tó A esse B” (A6.4.740) or in the case of qualities “Beitas” 

is “tó esse B.” 

 The difference between abstract and concrete notions is described by him as follows: “it is 

said that the abstract is in the concrete but not inversely“ (A6.4.989). We can predicate force (an 

abstract notion) to the concrete event of cat’s getting scared but we cannot predicate cat’s getting 

scared (concrete event) to force. So, saying that the force of two concrete events is identical is 

different from saying that these events are identical in much the same way as saying that the speed 

of two bodies is identical is not the same as saying that these bodies are identical. The identity of 

their speed (and analogically – force) is grounded in the similarity relation between them. 

  Without getting into too much detail about Leibniz’s theory of relations,107 what must 

emphasize that the Equipollence principle is not a relation between two concrete events but a 

relation between two philosophical abstracts. Leibniz claims that the relationship between two 

abstract notions can be described either through their quality, or quantity: “Quality is according to 

which the concept of a thing can be discerned. Quantity is that which is discerned in things having 

the same quality when two of them are subjected to the sense by experiment“ (A6.4.993). 

 
105 See discussion in Di Bella (2017: 198-219) and Mugnai (1976: 113ff). 
106 According to Mugnai, abstraction for Leibniz is grounded in the relation of similarity: “abstract concept (grounded 
on resemblance of individual things). [...] Leibniz explicitly observes that accidental properties – insofar as they are 
thought – are abstract entities: ‘Every accident is a kind of abstraction; only substance is concrete’” (Mugnai 1992: 
119).  
107 The most prolific analysis of it is in Mugnai (1992). Additional accounts are Antognazza (2001), Mugnai (1990), 
De Risi (2007), et al. 
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Therefore, two philosophical abstracts can be compared in relation to their quality and in relation 

to their quantity. If they differ in quality, they must be conceptually discernible (as two different 

concepts). If they differ only in quantity, they must have the same concept but be distinguished 

extensionally (by their apparent quantity). Likewise, two philosophical abstracts can be identical 

either due to their quality (coincidence relation) or by their quantity (relation of equality, 

equivalence, congruence, etc.).  

 We propose that the Equipollence principle is a principle that does not identify cause and 

effect as to their quality (i.e. they remain separate concepts) but does identify them as to their 

quantity (i.e. they must always have the same quantified amount of force). As Belaval has 

observed, “the structures that define one body or another, specific to one or another phenomenon, 

that consist in particular dispositions, are important mainly because of their qualitative function. 

Contrarily, the quantity that is conserved in nature is not specific to any particular body, it applies 

to all of them. Being the basis of the mathematization of physics, it grounds the quantitative laws 

and, if possible, their expression in equation” (Belaval 1960: 468–469). 

 In that case, the philosophical abstract of being a cause (tó esse causam) and the 

philosophical abstract of being an effect (tó esse effectum) are identical to each other in regard to 

their quantity which is their force. Therefore, to say that the full cause is equivalent to the entire 

effect in Leibniz’s logical terms means to say the following: 

 

the Equipollence principle: tó causam esse vim ⊓ tó effectum esse vim108 

(Verbatim: the force of being a cause is equal to the force of being an effect) 

 

 
108 For the explanation of Leibniz’s symbolism of difference relations, see footnote 124.  
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This is different from saying that a particular cause is identical to an effect. Leibniz could not 

establish the identity of cause and effect neither on the concrete level of substances and actions, 

nor on the level of universals (which he rejected as unnecessary in a nominalist fashion);109 but he 

could establish the identity on the level of philosophical abstracts by which he means that to be a 

cause to a certain quantified extent is the same as to be and effect to that same quantified extent 

(that is, tó esse causam is identical to tó esse effectum in regard to quantity which is their force).  

 In view of this, we can see the logical meaning of Leibniz’s claim in De Arcanis motus that 

“they [sc. cause and effect] come together in the fact that both the cause and effect have the same 

force” (A8.2.136). It means that the philosophical abstracts of being a cause and being an effect 

have an identical quantity of force. Identities that are established on the basis of quantity are also 

found in Leibniz’s approach to geometry and mathematics. As De Risi explains:  

 

“[Leibniz] was looking for a new logic that surpassed the structures of classical syllogistic 

(or basic propositional calculus) and was able to open toward a logic of relations. With the 

help of these tools, he was able to attempt several proofs of the Euclidean Common 

Notions, i.e. those more abstract axioms that deal with the concept of quantity in general 

and cannot be considered geometrical in the proper sense” (De Risi 2016: 30–31).  

 

The basis of such proofs in geometry was Leibniz’s conception of quantitative identities: “Those 

things are equal which are indiscernible in magnitude, or which can be substituted for one another 

salva magnitudine. From this alone, all axioms are demonstrated” (quoted in De Risi, 2016: 31 n. 

 
109 We have discussed Leibniz’s embracement of nominalism in his Preface to Nizolius in section 1.2. In the later 
works he will continue to reject the universals, for example in Generales Inquisitiones (1686) Leibniz refuses to 
discuss abstract universal notions because: “I have excluded the abstract as unnecessary” (A6.4.744). 
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17). Thus, the principle of substitution salva magnitudine was essential for demonstrating 

geometrical propositions.  

 Similarly, in physics, full case and entire effect can be substituted salva magnitudine, or to 

be more precise salva vi. This was first noted by Foucher de Careil: “This is the principle of 

dynamics or the equipollence, which claims that forms that coincide are similar and, therefore, 

also substitutable. In effect, the coincidents are the same in their force, iidem virtua, and can be 

substituted one for the other (Foucher de Careil 1905: 32). Fichant also notes this in his 

commentary on the De corporum concursu: “More generally, Leibniz associates the equipollence 

with a quasi-equality, i.e. to a numerical equivalence […], but this becomes clearer in relation to 

the notion of mutual substituitivity – in the Characteristic (we would say, in a formal language) 

the transition of one expression (formula) to the other is done simply by the substitution of a 

character for another, and the equipollence is nothing else than a mutual substitution” (Fichant 

1994: 280). 

 More recently, Rabouin has also noted that around the same time, i.e. 1675–1676, Leibniz 

has formulated the concept of analysis which “relied on a definition of ‘equality’ conceived in the 

same format: two objects appear as ‘identical’ under a given consideration (in this case that of 

‘magnitude’), when no difference can be made between them from the chosen point of view” 

(Rabouin 2013: 119). Rabouin claims that this conception of identity understood through quantity 

was mostly present in Leibniz’s De quadratura arithmetica circuli (1676). Rabouin goes on 

analyzing Leibniz’s usage of this idea in the analysis situs and other works on geometrical 
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foundations. Rabouin mentions in passing that the same relation of aequipollentia based in 

identities, or what he calls “identicals”,110 is at work in Leibniz’s physics.  

 Leibniz himself will later (1696) be very explicit to Guillaume de L’Hôpital:  

 

“And as the estimation is done by the repetition of the measure, there are two repetitions, 

one formal which I call congruence, when the same subject in which the force is found is 

repeated; the other virtual, which I call equipollence, when this formal repetition or 

congruence is not found in the subjects themselves which are compared, but in their full 

causes, or in their entire effects” (A3.6.619). 

 

In this sense and only in this sense Leibniz was able to establish the Equipollence principle as an 

identity, which was in turn necessary to establish physics as a demonstrative science. So, the 

Equipollence principle understood as a quantified identity was the foundation of Leibniz’s 

physical calculus. 

 In Leibniz’s physical methodology at that time it was needed to conceptualize the 

substitution in physics in order to enable physical demonstrations. The challenge for this endeavor 

was to conceive of the Equipollence principle as an identical statement. For that, we must 

recognize that the quantity or the magnitude of causal events is their force; and that force is a 

philosophical abstract; and that these abstracts can be identical as to their quantity without being 

logically coincident. 

 
110 Rabouin calls “identicals” statements that are not formal identities or “tautologies” (Rabouin forthcoming: 121), 
like A=A, but that can nevertheless be reduced to a formal identity through substitution salva veritate. We will later 
call this type of statement a “virtual identity” (see page 171). 
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 To sum up, Leibniz opposed Mariotte on two instances – the foundations of sciences as 

identities, and the necessity of the Equipollence principle. Both of these views helped him to 

formulate his project of demonstrative physics and to place the equivalence of cause and effect at 

the center of it. Leibniz no longer thought that a hypothetical level of certainty is enough for 

establishing the foundations of physical science. Instead, physical principles and axioms must be 

demonstrated. Demonstrations can only be carried out through reduction to identical propositions, 

so the foundational axiom of physics must be an identity. Hence, Leibniz thought that the 

proportion between causes and effects is not a probable assumption, as it was for Mariotte, but a 

necessary identity. Garber notes correctly that “at its first appearance, Leibniz held that the equality 

principle (‘that the cause be able to do as much as the effect and vice versa’) follows directly from 

the very definition of the terms involved, and is thus in its way also of geometrical necessity” 

(Garber 2009: 237). We may add that Leibniz’s reason for that was the need for the founding 

axiom of physics to be necessary and to be an identity because, according to his conception of 

demonstration, necessary propositions are demonstrable by reduction to identities. 

 In the next section, we will continue to pursue the investigation of demonstrative physics 

as part of Leibniz’s broader demonstrative project, i.e. the demonstrative encyclopedia.  
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5.3.Demonstrative encyclopedia and the logical structure of sciences 

 

 In the sections 5.1 and 5.2 we have argued that Leibniz had constructed his reformed 

mechanics on a vision of a demonstrative science, i.e. physics subjected to the formal procedures 

of demonstration. In the present section, we will argue that this endeavor was part of an even 

broader mission to construct a demonstrative encyclopedia of all scientific knowledge.  

 Since his youth, Leibniz has been interested in the demonstration and the correct ordering 

of knowledge. In a short memoir in 1683/85 he writes:  

 

“As a boy I learned logic, and having already developed the habit of digging more deeply 

into the reasons for what I was taught, I raised the following question with my teachers. 

Seeing that there are categories for the simple terms by which concepts are ordered, why 

should there not also be categories for complex terms, by which truths may be ordered? I 

was then unaware that geometricians do this very thing when they demonstrate and order 

propositions according to their dependence upon each other. It seemed to me however that 

this could be achieved universally” (A6.4.538/L.229, tr. Mugnai). 

 

The youthful idea that stuck with Leibniz ever since was organizing scientific truths in a 

demonstrative way, so that “the most important human knowledge is ranked by order” (GP.7.40). 

Leibniz was also well acquainted with the works of Alsted, Bisterfeld, Comenius, Wilkins, and 

Dalgarno111 who all pursued different ideas of the universal encyclopedia. However, the theories 

 
111 For a general account of Leibniz’s early exposure to the post-Ramist tradition see Antognazza 2009: 37-46. A more 
expansive account of this tradition in general can be found in Hotson (2007). An important study of the relation 
between Leibniz, Alsted, and Bisterfeld is in Wilson (1989: 7-44). 
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of his contemporaries and predecessors, according to Leibniz, had a flaw in that they pursued the 

encyclopedia with pragmatic rather than systematic goals. As Couturat explains,  

 

“[Leibniz] criticizes these systems [sc. of Wilkins and Dalgarno] for focusing on practical 

uses rather than scientific utility, that is, for chiefly being artificial languages intended for 

international communication and not philosophical languages that would express the 

logical relations of concepts. He favors, and opposes to them, the true “real characteristic,” 

which would express the composition of concepts by the combination of signs representing 

their simple elements” (Couturat 1901: 59-60, tr. Rutherford).  

 

Leibniz envisioned a universal (real) characteristic that would not only be useful for the 

categorization of terms but would exhibit the composition of concepts and through that the logical 

relations among propositions. This shows Leibniz’s commitment not only to construct a new 

language for expressing scientific ideas but also to formulate scientific concepts in a way that their 

logical relations would become evident. 

 Although, as Antognazza points out, Leibniz’s “explanation of what the scientia generalis” 

– and likewise the encyclopedia112 – “was supposed to be, and what it was supposed to accomplish, 

varies sometimes quite significantly from text to text” (Antognazza 2016: 22) it is clear that it was 

conceived as a “demonstrative encyclopedia” (A6.4.708). This means that it would not only 

classify but also demonstrate its contents. As Couturat puts it, “the analysis of concepts is at the 

 
112 There is some ambiguity in the literature as to what is the relationship between the encyclopaedia and the scientia 

generalis. Schepers suggests that “‘demonstrative encyclopaedia’ [is] another name for scientia generalis.” (Schepers 
2008: 27). Antognazza claims that Leibniz thought of “demonstrative encyclopaedia arising from the development 
of a scientia generalis (general science)” (Antognazza 2017: 22). Mugnai sees these two projects as separate stages 
of Leibniz’s general logical thought (Mugnai, 2020). 
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same time the analysis of truths”, so Leibniz was committed “to demonstrating all known truths 

by reducing them to simple and self-evident principles, that is, to constructing a demonstrative 

encyclopedia” (Couturat 1901: 79, tr. Rutherford). 

 The demonstrative encyclopedia was meant to enable arguments and demonstrations to be 

carried out by a calculus of concepts. Leibniz thought his idea of the encyclopedia was superior to 

the alternatives first and foremost because it involved an idea of demonstration rather than mere 

classification or translation of terms. Many other encyclopedic projects were concerned with 

linguistic classifications.113 Leibniz has criticized them in that respect:  

 

“I see that that exceptional man [Hooke] greatly prizes the philosophical character of the 

Most Reverend Bishop Wilkins, which I too value highly. Nevertheless, I cannot pretend 

that something much greater could not be developed [...]. For I think that certain universal 

writing can be conceived, by means of which we could calculate in every sort of matter 

and discover demonstrations just as in algebra and arithmetic” (A2.1.792).  

 

 In short, Leibniz had in mind an encyclopedia that would involve a calculus of logical 

relations to show the demonstrability of propositions. Surely, his attempt to present physics as a 

demonstrative science (discussed in sections 5.1 and 5.2) was part of the demonstrative 

encyclopedia in general. In 1677 Leibniz wrote: “I think that currently we need [...] to establish 

the building of assured and demonstrative physics” (A6.4.4). Leibniz provides numerous plans for 

 
113 Good examples of encyclopedias constructed ad usum are Conrad Gessner’s Historia animalium (1551-58) and 
Bibliotheca universalis (1545-49) which were arranged alphabetically or in a way that would help find the subject. It 
was clearly meant to be an index. Later conceptions of encyclopedias took other principles of organization, for 
example in Alsted’s Encyclopaedia septem tomis distincta (1630) the contents were arranged according to subject and 
it included various tables supposed to reveal the “economy and anatomy of this encyclopedia” (Alsted 1630: 1). 
Leibniz’s ambition, however, was to go further and establish a body of knowledge that would reflect the order of the 
demonstrations of scientific propositions. The paradigm for this was Euclidean geometry. 
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the demonstrative encyclopedia and they contain a varying number of disciplines with different 

architectonic relations among them. However, physics and mechanics is a constant part of it. Some 

of the more expansive plans include “mathesis generalis, mechanics, physics, as well as a 

provisional medicine; elements of moral and political science; then metaphysics and rational 

theology; and finally, literary history” (Couturat 1901: 140, tr. Rutherford). The shortest list 

includes only three: general mathematics, geometry, and mechanics or physics (A6.4.362). 

 It is important to emphasize that even the most restricted of Leibniz’s plans involve 

mechanics or physics among the demonstrative sciences. Since the demonstrative encyclopedia 

would make manifest the formal relations between sciences and their propositions, especially their 

demonstrability, and physics or mechanics was always part of the encyclopedic project, then it 

follows that physics must be subject to formal logical treatment. 

 Both of these projects – the demonstrative encyclopedia and the reformed mechanics – 

were very much contemporary, so Leibniz must have developed his physics in line with the 

requirements of the encyclopedia. Mugnai claims that “the study of logic would play a preeminent 

role in [Leibniz’s] general science and it is, therefore, no wonder that Leibniz, in the period from 

1676 to 1690, developed a series of essays on the logical calculus. These essays were aimed at 

finding the general rules and principles governing any kind of logical inference” (Mugnai, 2020). 

Likewise, the foundational physical essays begin in 1676 and continue well into the 1690s. It 

would be artificial to see the logical and the physical developments in Leibniz as unrelated. On the 

contrary, we must agree with Couturat that Leibniz wanted to develop the characteristica 

universalis and particular sciences in parallel: “[characteristica universalis] rests on the first 

principles of the sciences but does not presuppose their completion. On the contrary, it will be 
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developed and perfected along with the sciences, whose instrument it will be.” (Couturat 1901: 57, 

tr. Rutherford).  

 If physics is subjected to the demonstrative encyclopedia, then physical truths must be 

reduced to their simplest form and the logical relations among these propositions must be 

demonstrated. All physical propositions must be demonstrably true or false, i.e. they must be either 

reduced to an identity or reduced to a contradiction. Otherwise, they cannot be part of the 

demonstrative encyclopedia. As Leibniz has expressed in De Arcanis motus: “it is necessary to 

reduce the laws of motion, which so far appear in various forms, to a single principle” (A8.2.133). 

The purpose of this is to show that the particular laws are demonstrated. Every demonstration is 

carried out by a reduction to identities. The founding axiom or identity of physics is the 

Equipollence principle. This is perfectly consistent with the methodology of the encyclopedic 

project. 

 However, there is a fine line to be drawn between different sciences within the 

encyclopedia. It might appear that because of Leibniz’s project, natural sciences must have the 

same deductive character and structure as geometry and mathematics: “Thus, the natural sciences 

must be constituted according to the same deductive model as the rational sciences; [...] [T]he 

search for the laws of nature is carried out according to the same method as the search for the 

solution to a geometrical problem” (Couturat 1901: 265, tr. Rutherford). This might be going a 

step too far.114 Although Couturat is right in saying that Leibniz wanted to build a demonstrative 

encyclopedia with demonstrative physics as part of it, physics requires additional complexity in 

its methodology which is not required in geometry or mathematics; most importantly it requires 

 
114 Duchesneau argues the same point: “Couturat affirms that for Leibniz all the true statements are analytic, whether 
truths of reason or truth of fact. [...] However, the characterization proposed by Couturat applies inadequately to the 
Leibnizian truths of fact” (Duchesneau 1994a: 125-126). 
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an account of contingent proportions and experimental laws, e.g. Galileo’s proportion between 

height and speed of fall. As we shall see in sections 7.1–7.3, Leibniz claims that laws of nature, in 

fact, depend on the systema mundi115 which is not true for what Couturat calls the “rational 

sciences” (Couturat 1901: 152, tr. Rutherford). 

 For now, let us focus on the sense in which mathematics and physics are indeed 

methodologically similar, namely, they both must fulfill the requirements of the demonstrative 

encyclopedia. These requirements can be summarized in the following way: no term is admitted 

without definition; no proposition is admitted without demonstration; every demonstration is a 

reduction to an identity; reduction is carried out by substituting complex terms by definitions of 

simpler terms; thus substitution is the basis of demonstration.116 Yet, as Leibniz confirms, “every 

substitution arises from some equivalence” (A6.4.922), therefore, every demonstrative science is 

based on an equivalence or an identity that enables the substitution. All of the above applies to 

both physics and mathematics, so they are similar in both being demonstrative and both being 

grounded in “some equivalence” (A6.4.922). 

 
115 The main reason for claiming this is Leibniz’s reference to Galileo’s law of freefall which, according to him, 
includes a concrete proportion between speed and height which might be different in other systemae mundi. “In our 
system of the world it is necessary that the momentum is squared speed because the effect is the height to which the 
body can raise itself; also the heights are proportional to the squares of speeds. Perhaps in another system of the world, 
where the speeds would have different relation to heights, we would have a different estimation of force” 
(A8.3.379vor/F.134). Leibniz used the term systema mundi to refer to the sum of natural laws in other cases too, e.g. 
A8.2.641, A3.7.827, etc. The origin of this phrase is Galilean. Galileo uses it in the Dialogo sopra i due massimi 

sistemi del mondo (1632). Mittelstrass gives the following explanation that fits Leibniz’s usage: “The expression 
systema mundi (system of the world) means here the world order as represented in an astronomical model, while the 
expression machina mundi (world machine) refers to the idea that this order is a “mechanical” one” (Mittelstrass 2012: 
26); cf. also Lerner (2005). Duchesneau translates “in nostro systemate” as “in our universe” (Duchesneau 1994a: 
130) which is an accurate rendition. 
116 Couturat is right to emphasize that the principle of substitution is the basis for demonstration because it enables the 
catena definitionum: “Thus, the essential foundation of deduction is the principle of the substitution of equivalents” 
(Couturat also observes a similar point: “necessary propositions alone are identical propositions [...] In sum, axioms 
can indeed be demonstrated by means of definitions; but the foundation of their truth is not in the definitions: it is in 
the principle of identity” (Couturat 1901: 206, tr. Rutherford).  
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 What remains a challenge is figuring out the relations that enable substitution in different 

sciences. Malink and Vasudevan show that in pure logical calculus the relation that enables 

substitution for Leibniz is coincidence: “the first principle listed by Leibniz in his final 

axiomatization of the coincidence calculus presented in the Generales inquisitiones is the rule of 

substitution of coincidents. Leibniz formulates this rule as follows: ‘Coincidents can be substituted 

for one another”, Generales inquisitiones §198.1’” (Malink and Vasudevan, 2019f: 5). Thus, we 

can substitute concepts salva veritate if they are coincident which forms the basis of the logical 

calculus.  

 However, we have already discovered in section 5.2 that although the Equipollence 

principle is the founding axiom of physics, it cannot be understood as a logical coincidence 

because cause and effect are not strictly speaking coincident, i.e. cause and effect are not the same 

concept. Equipollence must be a different relation form coincidence but it must also justify 

substitution.  

 In fact, Leibniz saw that different relations could enable the substitution in particular 

sciences. Two cases that have been discussed in the literature are geometry and mathematics. For 

example, Mugnai points out that in geometry Leibniz saw the importance of the “relations of 

relations” (Mugnai 1990: 71)117 and acknowledged that a certain isomorphism of relations also 

enables substitution: “If there are two true propositions p and q, which differ only in that, precisely 

where in p the terms a1, a2, a3 . . . , b1, b2, b3 . . . appear in q, then the same relation exists between 

a1, a2, a3 . . . and b1, b2, b3 . . . [...] Leibniz is perfectly aware that this principle is connected with 

the principle of substitutivity” (Mugnai 1990: 71). This is also clearly seen in the following 

passage: 

 
117 Another discussion of basic geometrical relations is in Mugnai (1992: 87-91). 
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Besides equality, proportionality and similarity occurs also a consideration of their relation 

which we shall signify as :: ; for example, let there be aa+ab=cc and a similar form 

ll+lm=nn, then we can say that a, b, and c have the same relation among themselves as do 

l, m, and n, or �;  �;  � ∷  �;  �;  �, in other words, there is a relation among a, b, and c in 

which if we substitute for them l, m, and n respectively, the proposition will remain true. 

(GM.7.222). 

 

 As Mugnai observes, Leibniz was engaged in defining several “basic” relations in 

geometry: “similarity, congruence, homogeneity, equality, coincidence” (Mugnai 1990: 71). All 

of those relations, in turn, were related among themselves, for example, similarity and equality 

imply congruence, etc.118 In 1679 Leibniz wrote Characteristica geometrica in which he defined 

the relations among these relations. He also added another relation that he had called 

“determination” which Mugnai defines in this way: “let there be given a relation R of an object x 

with objects X, and let there be a relation R’ of another object y with the same objects X; let R = 

R’; if it follows that x = y, then R (=R’) is a relation of determination” (Mugnai 1990: 73).119  

 The crucial point here is that “The general principle of substitutivity applies to the relation 

of determination, as to the other relations of similarity, congruence, etc.” (Mugnai 1990: 73). Thus, 

relations other than coincidence can be the basis for substitution. However, the type of substitution 

changes according to them. We have seen above that for Leibniz: “Those things are equal which 

 
118 Cf. De Risi: “Congruence itself is analyzed by Leibniz in the two basic geometrical concepts of similarity and 
equality (two things being congruent to each other if and only if they are equal in measure and similar in shape)” (De 
Risi 2016: 48n44). 
119 For a discussion of determination see De Risi (2007: 215-228), especially his transcription of Leibniz’s unpublished 
Geometria determinatoria (1702?). 
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are indiscernible in magnitude, or which can be substituted for one another salva magnitudine. 

From this alone, all axioms are demonstrated” (quoted in De Risi, 2016: 31 n. 17) and “Equal are 

those things that [...] can be mutually substituted salva quantitate. Similar are those things that can 

be mutually substituted salva qualitate” (A6.4.406). Thus, we see how difference geometrical 

relations can enable different kinds of substitution salva quantitate and salva qualitate. 

 Di Bella has observed the same point: “While identity was a basic relation for logical 

calculi, this role in the field of mathesis is played by the relations of equality, similarity and 

congruence concerning geometric objects” (Di Bella 2005: 173). This supports Mugnai’s idea that 

equality (and other relations like it) can be the basis for the principle of substitution. However, it 

is important to emphasize that this substitution is salva magnitudine and not strictly speaking salva 

veritate as in the case of coincidence. 

 In his forthcoming habilitation text, Rabouin presents an analysis of relations that enable 

substitution in mathematics. Rabouin proceeds by noting that (in agreement with our presentation 

of the developments in Paris) in the late Parisian years Leibniz begins considering “new 

analyses”120 by investigating the relation of perfect similarity121 taken as an umbrella term for 

equality, congruence, equipollence, etc.: “[Leibniz’s] reflections dedicated to ‘perfect similarity’ 

at the end of the Parisian trip has led him to reconsider the notion, which, according to Leibniz, is 

at the heart of his reform of mathematics but it is equally necessary for making metaphysics 

demonstrative” (Rabouin forthcoming: 150). Although Rabouin explicitly focuses on the 

application of the new analysis to mathematics and metaphysics, the same could be said about 

 
120 Rabouin says: “But this supports the construction of the ‘new analyses’ in mathematics (the analysis of situations, 
analysis of the infinites, combinatorial analysis of equations) which Leibniz has developed during the Parisian period” 
(Rabouin forthcoming: 147). 
121 Leibniz seems to be inconsistent about the usage of the terms “perfect similarity” and “identity”. It appears that 
sometimes he was using them synonymously to signify a collection of all the relations that enable the substation of 
terms. See our discussion in sections 5.2 and 5.3. 
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physics. The crucial question in this regard is what kinds of similarity (identity) can enable 

substitution and what kind of perfect similarity is an applicable relation in physics.  

 Rabouin argues that during the later Parisian years Leibniz began thinking of substitution 

through the lens of magnitude: “similarity is immediately considered in relation to size – two things 

of the same form (i.e. perfectly indiscernible as to their form) can differ only by their size” 

(Rabouin forthcoming: 151), also that “completely in line with the new practice, Leibniz proposes 

there a redefinition of size in terms of congruence” (Rabouin forthcoming: 151). So, Leibniz’s 

approach to the “new analysis” was grounded in redefining perfect similarity in terms of magnitude 

and the resulting relation of congruence.  

 This implies that at least in mathematics the basis of Leibniz’s new approach was to 

consider congruence rather than coincidence as a form of grounding identity. Rabouin describes 

the mechanism behind this in the following way:  

 

“We see that Leibniz has diagnosed perfectly well the mechanism of something that will 

later be called “definitions by abstraction”, that is a mechanism in which an abstract term, 

like “place”, “quality” or “quantity” is introduced indirectly by a characterization of what 

it means to “have the same place/quality/quantity.” This equivalence is then characterized 

by an identity of certain features (in our example the identity of boundaries of two 

geometrical entities that are transported onto each other)” (Rabouin forthcoming: 153).  

 

If we recall Leibniz’s argument in the De Arcanis motus, we will see that exactly the same 

mechanism of “definitions by abstraction” is applied to force and the Equipollence principle. 

Leibniz’s point there was to introduce the abstract term of force by defining it as what it means to 
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have “the same capacity to produce another effect” (A8.2.136). The equipollence is then 

characterized by the identity of the amount of force. 

 So, to summarize, according to the method of the demonstrative encyclopedia sciences are 

built on axioms and demonstrations; demonstrations are carried out through the substitution of 

terms; however, in sciences that deal with magnitude the relation than enables substitution is not 

a logical coincidence but a form of equivalence, congruence, or equality.122 Thus, abstract qualities 

that are required by a science are introduced as parts of identities that characterize the equivalence 

that enables substitution. Thus, in sciences that deal with magnitude, the principle of substitutivity 

(and, therefore, demonstration) is enabled through Leibniz’s definition of equality: “equal things 

are those which have the same quantity or which can be substituted in each other’s place salva 

quantitate” (A2.1.255).  

  Rabouin describes how Leibniz wanted to apply the “new analysis” to mathematics: 

“Evidently Leibniz sought to reduce mathematical reasoning to a certain number of elementary 

notions that have all the characteristics of being “identicals” (congrua, coincidentia, aequalia, 

similia), or are definable using the identicals, and to be able to express [mathematical reasoning] 

in terms of indiscernibility and substitutivity” (Rabouin forthcoming: 156). Let us recap the main 

features of how “new analysis” works in mathematics. (1) A demonstrative science under the “new 

analysis” is based on abstract notions that (2) are introduced “by abstraction” in identical 

propositions, (3) however, “identical” is taken to be an umbrella term for “equality”, “congruence”, 

“equipollence” etc. in different sciences and (4) these identities between abstract terms enable 

substitution salva veritate (in case of semantic coincidence) or salva magnitudine/quantitate (in 

case of equality, congruence, and equivalence).  

 
122 Rabouin uses the terms “l’égalité mathématique” and “l’identité logique” (Rabouin forthcoming: 162) to 
distinguish them. It is also important to specify that logical identity is semantic or intensional whereas equality is not. 
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 In parallel, the same is happening with physics. We have already established the first two 

points. We have shown that “force” for Leibniz is an abstract term that is introduced in the 

Equipollence principle as that to which cause and effect are equal. So, force is a term by 

abstraction: “[cause and effect] come together in the fact that both the cause and effect have the 

same force, that is the same capacity to produce another effect, and they differ only in applications 

and situation” (A8.2.136). We have also emphasized that cause and effect are not and cannot be 

identical as concrete entities because they are equated only as to their quantity which implies an 

equipollence rather than a coincidence relation. 

 What we must learn from the new analysis in geometry and mathematics is that an 

equipollence relation, in the same way as equality, congruence, etc., can serve as the basis for 

substitution for Leibniz. Leibniz’s demonstrations in geometry and mathematics give a precedent 

for physics. Let us recall the most parsimonious plan for the demonstrative encyclopedia: general 

mathematics, geometry, and physics or mechanics (A6.4.362). The Leibnizian scholarship 

discussed above shows how substitution salva magnitudine operates in the first two. There is no 

doubt that it should also apply for demonstrations in the reformed mechanics. 

 In the previous section, we discovered that the founding axiom of reformed mechanics is 

the Equipollence principle. Now we also know that given the structure of the demonstrative 

encyclopedia, the grounding axiom of a science is required to enable substitution because 

substitution is the key to demonstrations, and Leibniz wanted to have a demonstrative physics. We 

have previously defined the Equipollence principle as:  
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The Equipollence principle: tó causam esse vim ⊓123 tó effectum esse vim 

 

This translates into the claim that the philosophical abstracts “being a cause” and “being an effect” 

come together (conveniunt, A8.2.136) in their quantity, i.e. in their force. Therefore, causes and 

effects can be substituted for each other salva quantitate or to be more precise – salva vi. This is 

the gist of Leibniz’s approach to the foundations of physical demonstrations.  

 However, there are some features of the physical calculus that are not shared by the logical 

calculus. Pure logical calculus is the calculus of coincidence. Although the basic relation of terms 

in a true proposition is containment (as in the famous statement by Leibniz: “Always in every true 

affirmative proposition, whether necessary or contingent, universal or particular, the notion of the 

predicate in some way included in that of the subject. Predicatum inest subjecto; otherwise I do 

not know what truth is”, GP.2.56/L.337), Leibniz seems to have preferred a logical calculus based 

on coincidence rather than containment. 

 In fact, one of the key objectives of the Leibnizian logical calculus was to express 

containment through coincidence: “it will be best to reduce propositions from predication and from 

being-in-something to coincidence” (A6.4.622). Leibniz first achieves that by introducing an 

indefinite letter:124 “A is B is the same as A is coincident with some B, or, A = BY. 12 (§16).” 

Later on, he eliminates the indefinite letter in favor of another formalism: “A is B is the same as 

A = AB. 16 (§83).” Here “A is B” (containment relation) is expressed by “A=AB” which is a 

coincidence relation. As Malink and Vasudevan convincingly show in their recent study (Malink 

 
123 Leibniz’s own symbol would be either , or ⊓. He has used both of them to signify equipollence of causes. In 
our analyst’s perspective, we have also employed the 19th Century symbolism from Bellavitis (“≏”) which captures 
the modern meaning, see page 121. 
124 Lenzen has argued that by using the indefinite letter Leibniz was essentially foreshadowing modern predicate logic 
(Lenzen 2004: 21). Other scholars have raised doubts about this reading, e.g. Mugnai (2005: 177-178). 
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and Vasudevan 2019f: 5), coincidence in Leibniz’s logic is a case of mutual conceptual 

containment or at least it can be described by these rules: 

 

These rules allow Leibniz to “integrate coincidence into his containment calculus without thereby 

abandoning his commitment to the logical and metaphysical primacy of conceptual containment” 

(Malink and Vasudevan 2019f: 5). Introducing the notion of coincidence in the logical system 

based on containment is important because “the first principle listed by Leibniz in his final 

axiomatization of the coincidence calculus presented in the Generales inquisitiones is the rule of 

substitution of coincidents. Leibniz formulates this rule as follows: ‘Coincidents can be substituted 

for one another”, Generales inquisitiones §198.1’” (Malink and Vasudevan, 2019f: 5). This means 

that for the proper functioning of the rules of Leibniz’s logical calculus, it is necessary to rely on 

the coincidence relation to have demonstrations based on the substitution of terms. 

 However, not all characteristics that apply to logical coincidence can also apply to 

equipollence in physics. Malink and Vasudevan argue that coincidence in the logical calculus has 

these formal attributes: 

1) Reflexivity: “If A coincides with B, B coincides with A. (§6)” 

2) Transitivity: “If A coincides with B and B coincides with C, then also A coincides with 

C. (§8)” 

3) Idempotence of composition: “AA = A. (§198.2)” 
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4) Commutativity of composition: “AB = BA.”125 

5) We must also add: Antisymmetry: if A coincides with B and B coincides with A, then 

A=B.126 

 

 Yet the Equipollence principle in physics is reflexive, transitive and commutative in 

relation to composition, but it is non-idempotent and not anti-symmetric (it is rather symmetric). 

Let us discuss the Equipollence principle in relation to logical coincidence. 

 Reflexivity. One of the key features of the Equipollence principle is that it is reflexive. 

Leibniz repeats on several occasions that since a full cause is equipollent to the entire effect, the 

effect can reproduce its cause. In a text from 1676, Leibniz writes: “Thus, something else is 

demonstrated from this, namely, that an effect can reproduce its cause since the effects of equal 

forces are equal” (A8.2.237).127  He repeats the same claim in De Arcanis motus: “Indeed, every 

full effect given the opportunity could perfectly reproduce its cause, i.e. it has enough force to 

restore the thing to the same state in which it first was or to a state equivalent to it” (A8.2.136). 

Hence, the Equipollence principle is reflexive, i.e. if A is a full cause of B, then B can fully 

reproduce A. Also, we have established that A and B, in this case, are abstract terms referring to 

quantity, so this claim is to understood as claiming that “if the full force of A is equipollent to B, 

then the full force of B is equipollent to A.” 

 Transitivity. Leibniz expliciter endorses the transitivity of the Equipollence principle. This 

is clearly seen from the following example: “Let A be the force of the effect B which is the 

 
125 These characterizations are from Malink and Vasudevan (2016: 697ff). 
126 Rabouin provides an analysis of these characteristics for relations in mathematics. From his analysis, it appears 
that logical coincidence and the equivalence relations do not share all of these formal characteristics (Rabouin 
forthcoming: 252ff.). 
127 We discuss this text in more detail in section 7.2. 
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production of a height, then the third effect of the same A through B will be called BC which will 

be the reproduction of a height. Let there be another effect of the same A, namely – E, and the 

effect of E which is D. I claim that E can produce D⊓BC128 which is E⊓B since it is an effect of 

the same cause, and the effects of equal forces are equal, thus D being the effect of E and BC being 

the effect of B are equal. Thus, BC⊓B, and therefore D⊓B. Also, since B⊓E, then D⊓E” 

(A8.2.237).  

 Non-idempotence. How we interpret idempotence will depend on how we understand 

composition. As Rabouin points out, around the year 1680 Leibniz distinguishes between adjectio 

and additio (Rabouin forthcoming: 270). The difference, as Leibniz sees it, is that composition as 

adjectio does not produce anything new:  

 

“When we say that two things and two things make four, the last two must be different 

from the first two. If they were identical, nothing new would come out and it would be as 

if, jokingly, we would want to make six eggs out of three by counting first of all the three 

eggs and then after removing one adding it the remaining two, finally doing the same with 

the remaining eggs. On the contrary, in the calculus of numbers and magnitudes, A or B or 

some other sign do not designate determinate things; they signify any set of things that 

have the same number of congruent parts” (A6.4.834).  

 

From this it is clear that if we understand composition as adjectio, then it is idempotent; and if we 

understand composition as additio, it will not be idempotent and the repetition of terms will 

 
128 This symbol is one of several that Leibniz employs to denote equipollence or congruence. Another example would 

be , cf. footnote 124. 
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produce something new. As Leibniz points out, in the calculus of “numbers and magnitudes” 

(A6.4.834) we are bound to operate with composition as additio rather than adjectio. The latter is 

reserved for the logical calculus. So, physics as a quantitative calculus must use additio and will 

therefore not be idempotent. Although Leibniz draws the distinction explicitly only in 1680 there 

is no reason to believe he was not aware of it implicitly in 1676–1678. 

 Commutativity. As is the case with arithmetical addition, or composition as additio, 

commutativity too holds in the physical calculus. However, in relation to the Equipollence 

principle, it is more controversial. The point of contention is that according to one important 

reading of causation in Leibniz,129 causes and effects are irredeemably directional. Thus, AB is 

essentially different from BA because it tells a different causal story; and since AB can be true 

while BA is false as a causal story, they cannot be identical or equipollent. We will discuss this 

interpretation in more detail in section 6.2. Here we can briefly respond by saying that since the 

Equipollence principle is an abstract principle denoting the quantities of force rather than 

individual events, they are not causal stories per se, and they do not imply directionality. Causal 

force, like speed, is an abstract term that is subject to arithmetical manipulation including 

commutativity. From a more general perspective, the whole point of having a calculus is to engage 

in what Leibniz has called cogitatio caeca or blind thought.130 Through cogitatio caeca, we are 

able to abstract from causal stories in physics and calculate blindly the quantities related to absolute 

force, relative speed, etc. Thus, causal stories do not enter the picture at this point. However, they 

 
129 This reading, which we call the aetiological interpretation, attributes significance to causal stories in Leibniz. It is 
best presented in Arthur (2017). We discuss it in more detail in section 6.2. 
130 See Mugnai: “Leibniz calls ‘blind thought’ (cogitatio caeca) any thought that is developed essentially by means of 
words or other symbols. Such a thought is blind because by employing words or any other kind of symbols, we do not 
see our own thoughts, which remain concealed behind a curtain of material signs, spoken or written or whatever. The 
category of blind thought plays a prominent role in Leibniz’ mature philosophy. Even early on during his stay in Paris, 
Leibniz emphasizes the fact that human beings cannot grasp directly by an act of intuition any thought beyond a certain 
degree of complexity. In other words, we are forced to take recourse to symbols to formulate and to express concepts 
or thoughts sufficiently complex” (Mugnai 2020). 
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will be important in judging the simplicity of hypotheses when considering particular frames of 

relative motion but this goes beyond the role of the Equipollence principle. 

 Symmetry. The coincidence relation in logic is antisymmetric which means that if A 

coincides with B and B coincides with A, then A and B are numerically identical.131 This is not 

true for the Equipollence principle because even if a cause and an effect have the same force, they 

are not strictly speaking (numerically) identical. As Leibniz puts it, “[cause and effect] come 

together in the fact that both the cause and effect have the same force, that is the same capacity to 

produce another effect, and they differ only in applications and situation” (A8.2.136). Cause and 

effect “come together” (A8.2.136) in their quantity but “differ” (A8.2.136) in how we apply them 

and where we place them through our hypotheses.  

 What the Equipollence principle approximates with these characteristics is the equivalence 

relation in mathematics. It also agrees with what Leibniz has also said of congruence. Rabouin 

notes: “At this time (1676) Leibniz elaborates the notion of magnitude (magnitudo) by saying that 

two entities are equivalent in terms of magnitude (tantum) if one can establish congruence between 

them” (Rabouin forthcoming: 140). Understanding equipollence in physics through congruence is 

a good guiding idea; two events are equipollent if they have the same force but they are not 

identical because they differ in their position and other isometric transformations that will be 

formulated as concrete hypotheses explaining motions. In other words, the Equipollence principle 

is an equivalence relation (congruence) which Leibniz distinguishes from logical identity 

(coincidence):  

 

 
131 We must employ the notion of “numerical identity” to distinguish this relation from Leibniz’s much broader use 
of the term “identity” to denote all relations that enable the substitution. Also, there is some textual evidence for this 
reading of coincidence in the Generales Inquisitiones (1686): “A ∞ B means that A and B are the same or that they 
can be substituted for each other everywhere” (A6.4.810). 



5.3. Demonstrative encyclopedia and the logical structure of sciences 

119 

 

 

So, congruence is implied by coincidence and it implies similarity and equality. The same goes for 

physical equipollence – it is an equivalence relation that is symmetric because it is implied by 

coincidence but it implies only similarity and equality. 

 Having discussed this we have arrived at a clearer image of Leibniz’s demonstrative 

physics and the physical calculus based on the relation of equipollence which, like the equivalence 

relation in mathematics, is reflexive, transitive and commutative (as to composition), symmetric 

and not idempotent.  

 It is important to emphasize, together with Rabouin, that Leibniz seems to have developed 

his conception of equivalence in mathematics and equipollence in physics as the foundations of 

substitution prior to establishing coincidence as the founding relation of logical calculus:  

 

“One thing is certain: during the period that concerns us here, the definition of logical 

identity is not emphasized and at least in the texts that we know today, it was not yet 

developed. [...] Moreover, Leibniz does not define the relations of equivalence as the 
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relations of congruence vis-à-vis logical equality posited as primitive. Everything suggests 

that he has elaborated his definition of logical equality as a particular case of substitution 

salva, which had already been developed in his mathematical research” (Rabouin 

forthcoming: 141).  

 

Rabouin’s findings in mathematics corroborate what we have claimed about Leibniz’s physical 

methodology. We have seen that the foundational texts relating to the Equipollence principle as 

the founding axiom of physics began appearing in 1676 and found their first applications already 

in 1677 and 1678. Thus, Leibniz has established a demonstrative strategy based on the substitution 

salva magnitudine132 principle prior to fleshing out logical coincidence calculus. It is again useful 

to go back to Couturat’s observation that particular sciences are supposed to develop in parallel 

with the characteristica universalis (Couturat 1901: 57). It seems that the development of 

Leibniz’s pure logical calculus might have been influenced by his progress in the particular 

sciences and the influence was at least reciprocal.  

 One of the main goals of this thesis is to show the importance of that parallel development 

between logic and physics, although traditionally Leibniz’s physics has been analyzed in parallel 

to the development of his metaphysics. For example, Garber describes his goal in the monograph 

on Leibniz’s natural philosophy as follows: “I want to give a close account of Leibniz’s developing 

thought on the make-up of the physical world and its metaphysical grounding” (Garber 2009: xv). 

It is important to understand that the quest for the metaphysical foundations is fruitful but has its 

limits and we must recognize that any discussion of the foundations of sciences in the context of 

 
132 Rabouin stresses that the substitution was always specified in Leibniz: “The term salva is never used by Leibniz in 
an isolated manner. It is always complemented: salva quantitate, salva qualitate, salva veritate”. (Rabouin 
forthcoming: 141). 
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the demonstrative encyclopedia must respect the foundations of demonstration and the way that 

truths in the particular sciences are established. Although Garber and other recent scholars rightly 

investigate the metaphysical grounding of “the make-up of the physical world” (Garber 2009: xv), 

we must admit that the grounding of the physical science must be sought in the logical foundations.  

 With the logical foundations in mind we can formulate a reformed version of the 

methodology as it relates to the laws of physics or mechanics in a brief and semi-formalized way: 

 

 Laws of physics is � = {�� … ��} and L is such that � !) ≏ � "), $ ⊢&' � and D is a set 

of relevant definitions $ = {(� … (�}, and the rules of ⊢&' are described in the general 

project of characteristica universalis. 

 

Here the set of laws L is derived from the founding principle of physics as � !) ≏ � "). The 

Equipollence principle enables the substitution of terms according to their definitions in D. The 

rules of the calculus are described in characteristica universalis as part of the demonstrative 

encyclopedia. In the formulation above we have used the equipollence sign “≏” from the Euclidean 

geometry. It was introduced in 1835 by Giusto Bellavitis as part of his method of equipollences.133 

The relation described by Bellavitis shares the formal features of Leibniz’s understanding of 

equipollence, thus it seems adequate. Bellavitis’ idea to use a relation to compare different yet 

similar geometrical objects has become a common mathematical technique, particularly in the use 

of equivalence relations. Bellavitis’ goal was to conceptualize arithmetical operations with vectors 

much like Leibniz’s idea was to conceptualize the calculus of forces in physics. Bellavitis wrote 

about his use of the equipollences:  

 
133 See Bellavitis (1835) and (1854).  
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“Equipollences continue to hold when one substitutes for the lines in them, other lines 

which are respectively equipollent to them, however, they may be situated in space. From 

this it can be understood how any number and any kind of lines may be summed, and that 

in whatever order these lines are taken, the same equipollent-sum [composta-equipollente] 

will be obtained” (Bellavitis 1835: 246; tr. Crowe).  

 

This seems to correspond well with how Leibniz saw the physical calculus in which causes and 

effects can be substituted due to the Equipollence principle despite their “applications and 

situation” (A8.2.136). Leibniz himself was inconsistent about his use of symbolism for 

equipollence. Sometimes he employed the equivalence or congruence sign that looked like this: 

or ⊓, at other times he employed the abbreviation “aequ.” Thus, in our modern formulation we 

have opted for the modern “≏” to denote equipollence. 
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6. Hypotheses and the Relativity of Motion 

6.1.Hypothetical models in the reformed physics: Principia mechanica (1676/77) 

 

 In the previous sections 5.1—5.3 we have discussed the logical foundations of Leibniz’s 

physics and described how the laws of physics should be demonstrated for Leibniz. In the current 

section we will aim to describe his approach to hypotheses in the reformed physics. The principal 

text in that regard is Principia Mechanica from 1676 or 1677.134 At this time, hypotheses could no 

longer serve the purpose of reconciling phoronomy with experience as they did in the Theoria 

motus abstracti and Hypothesis physica nova. This distinction was abandoned in favor of the 

Impenetrability doctrine and the Activity doctrine discussed in sections 4.1 and 4.2. 

 Also, during the later Parisian years, Leibniz became enthusiastic about extending his 

characteristica universalis to subjects beyond “dry and sterile” (A6.3.413) things, in particular, to 

“spaces, times, forces and effects” (A6.3.413). Leibniz began developing an idea of demonstrative 

physics. As he writes in a letter to Foucher in 1675: “although you do not enter explicitly into an 

examination of hypothetical propositions, I am still of the opinion that this should be done and that 

we should admit none without having entirely demonstrated and resolved it into identities” 

(A2.1.387/ L.151–152). 

 This seems to lead to a vision of physics free from hypotheses because all hypothetical 

propositions must be demonstrated. However, Leibniz recognized that there was one kind of 

propositions in physics that could not be demonstrated. Due to his conception of the relativity of 

 
134 The dating of this text is controversial. The Akademie Ausgabe dates it between 1673 and 1676 but it bears a unique 
watermark, thus the dating is not definite (A6.3.101). Garber has argued that “Various elements of the text resonate 
strongly with other texts that are securely dated to 1676, which suggests that this piece dates to this period as well” 
(Garber 2009: 108n28). Arthur has pushed the date even further “It appears to have been composed some time between 
late summer 1676 and February 1677” (Arthur 2013: 101). 
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motion, mechanical hypotheses about the configuration of moving objects were equivalent to each 

other and therefore no demonstration could be made to decide between them. 

 In Principia mechanica (1676/7(?)) Leibniz introduces his discussion of the relativity of 

motion by treating it, as he had promised in De vera methodo philosophiae et theologiae 

(1673/75(?)),135 as a species of change: “Whenever we  observe  something  to  move, we  notice  

first  of  all  some  change  or  state of things different from what we remember sensing shortly 

before” (A6.3.102–103, tr. Arthur). However, this definition could equally apply to any kind of 

observable change. Thus, Leibniz specifies that motion is an observable change of situation. 

Situation (situs) is “a mode according to which any body can be found, even though we recognize 

nothing in it specifically by which it can be distinguished from the others” (A6.3.103, tr. Arthur). 

Every situation is determined by a body’s distance and angle in relation to other bodies. So, for 

example, when the extrema of two bodies are tangent, there is no distance between them; but if an 

instant later we observe that they are apart, then some distance must have occurred between them. 

This distance is the determining factor of change of situation and eo ipso motion.136 

 However, Leibniz notes that “change of situation is not sufficient for us to judge which of 

the two things that have changed situation with each other we should ascribe the motion to” 

(A6.3.104, tr. Arthur). In other words, change of situation might be enough to identify a body and 

its relation to other bodies but it is not enough to determine motion or rest of the bodies under 

consideration. Leibniz wanted to see whether the relativity could somehow be overcome. To that 

 
135 “We must treat change, time, and continuum metaphysically in absolute terms. For motion is only a species of 
change” (A6.3.157). 
136 De Risi has provided the best characterization of what “situation” (situs) means for Leibniz. Although there seems 
to be no strict definition in the known writings, De Risi argues that the implied meaning for Leibniz is the following: 
“given that the situation concept is necessarily relational, so that there is no such thing as the absolute situation of a 
unique object, but only the relative situation of a set of objects (a situation that Leibniz expresses with the point 
notation: A.B means the situation between A and B), then two such sets will have one and the same situation if, and 
only if, they are congruent viz. if there is an isometry of space that brings each object of the first set onto another of 
the second set” (De Risi 2007: 133). 
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end, he provides six frames of motion and analyses them one by one. He begins by introducing 

two bodies A and B. Both are situated on a straight line and the change of situation (or speed) 

between them is defined as AB. The difficulty is to determine which one of them is the agent or if 

they both are. Leibniz thinks it cannot be done by pure geometry because the same change of 

situation can be represented by both fig. 4 and fig. 5. 

 In the scenario represented by fig. 4 the body A 

is moving towards (A) while B remains resting at (B). 

The opposite is true of fig. 5 scenario where B travels to 

(B) and A remains at (A). Both scenarios achieve the 

same phenomenal effect of the change of situation equal 

to AB. The difference is that if the observer is stationed 

in A, then motion will be attributed to B, and vice versa, 

although they both may be wrong in scenario fig. 6 where 

given that A and B are minima and there is no third body, 

the collision at (A)(B) will again be attributed only to the 

other body depending on the placement of the observer, 

although this time both bodies will be in motion and 

neither of them will be at rest. The relativity that arises 

from the analysis of the first three figures consists in the 

fact that the same observable effect can be achieved by 

assuming motion and rest in either of the bodies or assuming motion in both bodies. 

 Moreover, as Leibniz realizes, the same change of situation could be represented by 

reversing the direction of one of the bodies. Given that the same distance of change AB is produced 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 
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as the difference of speeds between A(A) and B(B), fig. 7 will also seem phenomenally 

indistinguishable from any of the previous schemas. An inverse schema could also be produced in 

which B would be approaching A. So, the direction of motion also appears to be relative. 

 Leibniz continues to argue that perhaps the whole issue 

could be resolved by introducing a third stationary body into the 

frame of motion. Placing the observer in that stationary third object 

might perhaps solve the relativity; however, there is a crucial step 

that is missing in this approach – establishing that the third object 

is itself stationary. Leibniz provides fig. 8 in which an observer is placed in C. The observer, 

assuming to be at rest, would judge that motions A(A) and B(B) are equal. However, unable to 

observe its own motion, the observer in C would equally judge that all the motion consists in A if 

it was moving parallel to AB towards C(C) because there is no change of situation CB towards 

(C)(B) except the one in relation to A(A). Therefore, in fig. 8 the observer at C with motion C(C) 

would judge all the motion to be on the part of A.  

 Having considered these cases Leibniz reaches a conclusion:  

 

“Hence it can truly be understood that whatever multiplicity and variety of bodies are 

supposed, and however many observations are made, it is still never possible to 

demonstrate which motion is the absolute and proper motion in bodies—indeed, not even 

the least determination can be found for excluding any of the various possible hypotheses. 

Hence it is no wonder that talented men have been able to devise a huge number of 

Fig. 8 
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Astronomical Hypotheses, and have supposed every possible Planet, even the Moon if it 

pleased the gods,137 to be located at rest at the center of the world” (A6.3.110, tr. Arthur).  

 

Astronomical hypotheses and other relative configurations (which we call frames of motion) 

described above have essentially become Leibniz’s new vision of hypotheses. Hypotheses are 

different configurations of moving objects in which motion and rest cannot be ascribed to any of 

the bodies with certainty. Surely all hypotheses must satisfy both metaphysical and physical laws 

derived from the first foundational axiom but there is nothing physically or metaphysically 

contradictory in saying that the moon is the center of the universe. It is just one of the possible 

hypotheses, one possible frame of motion. However, there is no sure way of deciding among them 

with certainty. For this reason, frames of motion remain hypothetical and cannot be properly 

demonstrated. 

 Leibniz explicitly says: “since no hypothesis can be refuted rather than others through 

certain demonstration, not even by someone omniscient, it follows that none is false rather than 

others; that is, (since they cannot be consistent) they are all false” (A6.3.110, tr. Arthur). So, all 

hypotheses are equal within absolute standards of truth (they are all false), but they have varying 

instrumental value. For example, the Copernican hypothesis is preferred to the Ptolemaic 

hypothesis for the sole reason of being simpler. Leibniz takes up the view that “we will be 

permitted to choose the simpler mode of explaining, which involves reference to a cause from 

which the remaining changes may be derived more easily” (A6.3.111, tr. Arthur). Thus, hypotheses 

remain to be judged by their simplicity and explanatory power much like in the earlier 

methodology expressed in the Preface to Nizolius (1670). However, the purpose of making 

 
137 Leibniz is probably referring to Kepler’s Somnium, sive Astronomia Lunae (1634). In it, Kepler imagines the Moon 
as the island of Levania and Levanians believe that the Moon is the center of the universe. 
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hypotheses is not to reconcile phoronomy with experience but to give an account of observable 

motion. 

 In view of this continuation, we might formulate the Reformed conception of hypotheses: 

 

 A hypothesis h (I) is a frame of motion f, where (II) f is a possible configuration of objects 

postulated according to a set of laws of physics � = {�� … ��} and (III) L is such that 

� !) ≏ � "), $ ⊢&' � and (IV) D is a set of relevant definitions $ = {(� … (�}, and (V) 

the rules of ⊢&' are described in the general project of characteristica universalis. 

 For h to be instrumentally true (*true) (i) it must not be in contradiction to the set or any 

subset of L; and (ii) h must enable easier derivation of other ) = {ℎ� ⊢+ ℎ, … ℎ�}. 

 

 Notice that the Reformed conception of hypotheses splits into two parts; the one concerning 

laws is demonstrable; the other concerning hypotheses is instrumental. There are also two different 

conceptions of truth employed in the demonstrable and the instrumental part. Although we can 

demonstrate physical laws and prove that they are true, we can only accept hypotheses as 

instrumentally true or, in our notation, *true because if judged by the absolute standard of truth: 

“since [hypotheses] cannot be consistent, they are all false” (A6.3.110, tr. Arthur). The criterion 

for the truth of physical laws is their demonstration; whereas the criterion for the *truth of 

hypotheses is simplicity. 

 The demonstrated laws put necessary restrictions on what hypotheses (frames of motion) 

can be. It would be absurd to propose a hypothesis in which any of the laws would be violated, i.e. 

in which full cause is not equivalent to the entire effect. However, according to Leibniz, hypotheses 

– even in plenum and even by omniscience – are not fully determined by the laws, so there must 
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be also an instrumental part of physics and this is where the hypothetical method plays the key 

role. 

 The introduction of the relativity of motion into the physical methodology was another 

significant break with the previous Leibnizian physics. Leibniz explains in Spatium et motus 

revera relationes (1677):  

 

“If space was something conceived as pure extension, whereas the nature of matter was to 

fill space and motion is the change of space, then motion would be something absolute and 

we could tell which of the two approaching bodies moves while the other rests, or if they 

both move, at what speed do they move. In that case, the same conclusions that I have laid 

down in the Theory of motion considered abstractly [sc. the Theoria motus abstracti] 

would follow. However, space is not such a thing and motion is not something absolute. 

Rather it consists in a relation. Therefore, if two bodies collide, the speed must be divided 

between them in such a way, that they could be understood to collide with the same force” 

(A6.4.1968).  

 

This passage is significant in two ways. First of all, it shows Leibniz’s break with the earlier 

methodology on the grounds of the relativity of motion. Second, it unites the two methodological 

advancements that we have been emphasizing. Leibniz claims that frames of motion or hypotheses 

are equivalent, so there is no way to really tell which body is moving and which is at rest. However, 

considering a particular collision we cannot freely speculate about the speeds of bodies because 

we know that before and after the collision the same force must be conserved and the full cause 

and the entire effect must have the same force. Thus, we are free to hypothesize about the speeds 
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of colliding bodies (i-ii of the Reformed conception of hypotheses) as long as it obeys the 

foundational equivalence between cause and effect and the laws following from it (I-V of the 

Reformed conception of hypotheses). 
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6.2.Hypotheses and causes – e pluribus unum 

 

 A brief theoretical digression is in place here. We have claimed in the previous section that 

for Leibniz hypotheses or frames of motion are evaluated only by their simplicity and explanatory 

power. Admittedly, this is not how many commentators see the matter. Others like Garber, Meli, 

and Friedman138 think that there is something that invariantly determines hypotheses or frames of 

motion and that is their causes. This kind of interpretation could be called realist because these 

scholars seem to think that causes actually make motion real for Leibniz. Causes, in other words, 

remove uncertainty about which body is acting within a frame of motion. A realist view could be 

summed up by Garber’s statement: “When we consider only the geometrical properties of bodies, 

all questions of motion and rest are open, and all hypotheses are equally good. But when we 

consider force and activity as well, we can actually assign motion and rest” (Garber 2009: 115).  

 The interpretation that we are developing here denies the ability to “actually assign motion 

and rest” (Garber 2009: 115) and, therefore, might be called instrumentalist with a proviso that 

this should not be taken in a contemporary sense of the term.139 In other words, we are defending 

the view that causes for Leibniz were an integral part of the hypothetical method and it does not 

convert a hypothesis into something certain. Under the instrumentalist reading, causal relations are 

an important factor in calculating the simplicity of a hypothesis but they do not make hypotheses 

certain and the two methodological levels of certainty (what is demonstrated and what is 

postulated) are not abridged. 

 
138 E.g. Garber (2009); Meli (1988); Friedman (2010). 
139  The modern sense of John Dewey or Charles S. Peirce includes many premises that Leibniz does not accept, e.g. 
Leibniz does not see science as a “doubt-inquiry function” (Dewey 1900: 480, see also Peirce see also Peirce 1877, 
1878) and applies the instrumentalist criteria only to equivalent hypotheses, not the laws or axioms. 
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 A realist sees in Leibniz an effort to remove relativity from the study of motion. In their 

view, motion is relative only when considered in abstraction from its causes. So, for example, if 

while walking on the street I was just an observer without any sensation of exerting effort, I could 

propose a frame of motion in which I was standing still and the whole world is passing me by. 

However, such a hypothesis becomes absurd if I take into account the observation that I am 

exerting a certain amount of effort to produce the motion, or that I am in fact the cause of this 

motion. Under this interpretation, if I took the cause of my motion into account, then it would be 

absolutely determined that I am walking and the Earth is standing still.140 

 According to the realist reading, the frame of motion in which I am moving and the Earth 

stands still (F1) without any reference to a cause was only *true because it was simpler than the 

opposite hypothesis (F2). However, by adding the feeling of a proper cause of motion it is turned 

into something certain and, according to that reading, true. Moreover, we know from Leibniz’s 

same text that the proposition “F1 is *true” actually means that “F1 is false” because it is 

incompatible with F2 but also undecidable. The realist reading offers a way out of this dilemma. 

They are claiming that “F1 is *true” can be converted into “F1 is true” by considering the cause 

of motion (“me”, in this case). They think that it is possible to absolutely decide between F1 and 

F2 by ascribing the cause of motion. 

 The realist approach has the theoretical advantage of getting rid of the paradox that all 

hypotheses are false even though some are *true. This is, in fact, paradoxical because if the 

 
140 Leibniz discusses a similar example in A6.4.2017-2019. He describes a person walking on the deck of a ship, while 
the ship is moving with the same speed that the person is moving, but in the opposite way. The person is not moving 
with respect to other objects but feels the effort of walking: “that man will feel that he is becoming tired by walking, 
and he will be able to push or pull something by means of his motion” (A6.4.2019). Garber draws a conclusion from 
this that “the person feels the effort of walking, and thus is moving” (Garber 2009: 114). However, it is difficult to see 
how the last conclusion follows by itself. Feeling is not a privileged way of perceiving. Yet, for example, Leibniz 
would not agree that since a person sees that the Sun moves, it must move. The same goes for feeling, namely, 
phenomenal experience can be misleading. 
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hypothesis that I am walking is only *true, then it is actually false and equivalent to the hypothesis 

that I am not walking, which seems counterintuitive because I clearly observe myself taking steps 

and making an effort. It would seem to be natural to assume that this kind of direct observation 

would determine the hypothesis and the frame of motion with all certainty. Thus, according to the 

realist view, only motion-without-cause would be instrumental whereas motion-with-cause would 

be absolutely determined. 

 A moderate version of realism called the “aetiological reading” is presented by Arthur who 

agrees with the realist commentators that “when we consider force and activity as well, we can 

actually assign motion and rest” (Garber 2009: 115) but, according to him, this does not imply that 

motion-with-cause is something real and he maintains that motions are still assigned to objects 

only through a hypothesis: “Thus for him the appeal to causes breaks the equivalence of hypotheses 

aetiologically, but not ontologically” (Arthur 2017: 8). 

 The aetiological reading stems from the understanding that causation for Leibniz ultimately 

comes from primitive force being the unified system of information belonging to an individual 

substance. The informational conception of causation was presented by Collier:  

 

“We can think of a causal process as a computation (though perhaps not a Turing 

computation or equivalent) in which the information in the initial state determines 

information in the final state. The effect, inasmuch as it is determined, is necessitated by 

the cause, and the cause must contain the determined information in the effect. Although 

the causal relation is necessary, its conditions are contingent, so it is necessary only in the 

sense that given the relata it cannot be false that it holds, not that it must hold” (Collier 

1999: 11). 
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Collier has embraced the Leibnizian roots of this approach: “Except for its idealism, Leibniz’ 

account of causation is in spirit the most developed precursor of the account I will give” (Collier 

1999: 4). Arthur further develops this historical link (Arthur forthcoming: 20-29). Arthur 

emphasizes the fact that for both Collier and Leibniz, the identification of causes must follow the 

directedness of force:  

 

“causes can be identified in given situations; but the identification of causes must be made 

by other means, since work capacity by itself does not involve directedness. As Collier 

writes in a footnote, ‘Work has dimensions of energy in standard mechanics, and thus has 

no direction. However, since it is the result of a force applied through a distance, it must 

be directed. Surely, undirected force is useless’ (Arthur forthcoming: 24). 

 

 In sum, Arthur’s position is that causal interactions like the transmission of information is 

essentially directed and, although causal explanations always remain hypothetical, we can actually 

assign motion and rest to objects within a frame of motion. According to him, Leibniz thinks that 

while motion is essentially (in mathematical rigor) relative, there is a need to determine the subject 

of motion—the thing that is acting. Arthur claims that, given his conception of a cause in terms of 

the provision of a reason, identifying the subject of motion is done through finding the most 

intelligible hypothesis that explains the phenomena in question—e.g. the bat hit the ball, not vice 

versa, and something caused the Earth to spin, not the rest of the universe to spin around it; but 

that this does not translate into a criterion for finding an absolute motion in Newton’s sense,141 

 
141 On the difference between Arthur’s reading of Newton and Leibniz see Arthur (2017). 
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since the subject of motion is specific to the phenomena one is trying to explain. So, the 

aetiological reading suggests that hypotheses can actually be true and not only *true but with an 

important concession that it does not make motion absolute. 

 The instrumental reading that we are defending disagrees with both of these assessments 

and claims that even causal explanations are hypothetical and evaluated only instrumentally. 

Arthur concedes in his commentary on the Principia Mechanica (1676/77(?)) that in the text 

Leibniz “talks of ‘being permitted to choose’ the simplest hypothesis, or of Copernicanism being 

‘sufficiently corroborated’, without calling it true” (Arthur 2013: 103). The reason why Leibniz 

does not call the Copernican hypothesis true is that he distinguishes between being true in a 

demonstrative sense and being *true in an instrumental sense.  

 Arthur also adds, contrary to the realist reading, that the addition of causes only changes 

the ability to choose the simplest explanation on instrumental grounds and it does not make motion 

absolute: “we see Leibniz considering the idea that ‘a body rotating around its own center rejects 

contiguous bodies along the straight line that is tangent to the circle of the motion’” (Arthur 2013: 

111). But this cannot, contrary to what Newton will claim, establish absolute motion, because at 

any instant ‘one may always imagine various compositions of motion in the parts of a liquid 

through which the same phenomena will be explained with the solid at rest’ (Arthur 2013: 111)” 

– i.e. it is always possible to imagine a different causal model or a frame of motion including 

causes that will also satisfy the phenomena – “Thus, Leibniz rejects any criterion for establishing 

absolute motion and rest; but allows that for a given set of phenomena one should adopt the 

simplest hypothesis as assigning the correct cause” (Arthur 2013: 103–104).  

 Two arguments can be added to the points raised by Arthur against the realist reading. First, 

it seems to contradict what Leibniz is stating in the Principia Mechanica (1676/77(?)). Leibniz is 
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claiming that “since no hypothesis can be refuted rather than others through certain demonstration, 

not even by someone omniscient, it follows that none is false rather than others” (A6.3.110, tr. 

Arthur). Leibniz’s claim that even omniscience would not allow to fully determine absolute motion 

means that there is some epistemological obstacle in knowing it. Without getting into the reasons 

of why that obstacle exists,142 we can simply infer that if perfect knowledge is not enough to 

determine motion absolutely, then the determination of absolute motion is absolutely unknowable. 

Omniscience would certainly involve the knowledge of causes; otherwise it would not be 

omniscience. So, according to Leibniz, even the consideration of causes does not absolutely 

determine the motion and does not make it absolute. 

 The second challenge for the realist reading comes from Leibniz’s methodology which we 

have established above. According to it, even knowing the causes of a frame of motion would not 

give absolute certainty to a hypothesis. Leibniz is open about the fact that causal models are a 

factor in considering the simplicity of a hypothesis or a frame of motion: “we will be permitted to 

choose the simpler mode of explaining, which involves reference to a cause from which the 

remaining changes may be derived more easily” (A6.3.111, tr. Arthur). In other words, frames of 

motion are chosen according to a simpler and more intelligible way of explaining the motions that 

are observed and one of the criterion of establishing that simplicity is to have a “reference to a 

cause” (A6.3.111, tr. Arthur). However, it does not follow from this that causes provide absolute 

certainty or certainty that would be comparable to demonstrations of the laws of motion. Both 

causal and purely geometrical considerations are within the same level of certainty provided by 

 
142 Cf De Risi, (2007: 354-363). De Risi is arguing for the close relationship between sensibility, confused perception 
and quantity. According to that view, the perception of motion is essentially a confused perception and, therefore, it 
“retains the element of subjectivity that depends on the particular limits of expression” (2007: 355).  
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the simplicity of hypotheses despite the fact that causes supply additional criteria to consider one 

hypothesis simpler than the other. 

 The last point comes out more clearly in contrast to how the realist reading sees Leibniz’s 

engagement with Copernicanism. Some realist commentators have claimed that at least in his later 

writings, Leibniz endorsed something like the instrumentalist view; however, he only did it to 

make a diplomatic compromise about the censure of Copernicus and Galileo;143 while in fact, 

according to these scholars, Leibniz believed that the Copernican hypothesis, considered together 

with a causal model of the Vortex theory of gravitation, is “the one true hypothesis.”144 They rely 

on a distinction similar to Kepler’s between geometrical hypotheses, which are in formal 

agreement with the observations, and true hypotheses, which give a causal explanation.145 This 

might also be recognized by the name of “the Cassirer thesis.”146 However, the Cassirer thesis 

seems to rely on a conflation of levels of certainty in the Leibnizian methodology of a physical 

science as we have described it above. 

 Even the advocates of the Cassirer thesis will likely agree with our reconstruction of how 

Leibniz sees the hypothetical reasoning in mechanics at this time. We have described it above as 

follows: 

 

 For h to be instrumentally true (*true) (i) it must not be in contradiction to the set or any 

subset of L; and (ii) h must enable easier derivation of other ) = {ℎ� ⊢  ℎ, … ℎ�}. 

 
143 The term “compromise” is often used to describe the situation. Friedman calls it a “grand compromise” (Friedman 
2015: 508 et al.), referring to Heilbron (1999: 194–197). It is also found in Finocchiaro (2010: 171ff) and Meli (1988: 
24). A stronger formulation as “conspiracy” is used by Beeley (2012: 556) and Feingold (2003: 36). 
144 This expression is used in Arthur (2014: 129); Meli supports this claim in Meli (1993: 20), as does Friedman (2010: 
497–517). 
145 Arthur (2014: 129); (Meli 1993: 19). 
146 Meli has defined it in this way: “I call this association of Kepler with Leibniz [...] the Cassirer thesis” (1993: 20). 
However, it is not to be confused with another “Cassirer thesis”, according to which, Leibniz’s conception of formal 
language is contradictory to his formal logic (see Arsleff (1975: 130), and Rutherford (1995: 253ff)). 
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However, the realists would add that this methodology is only valid for motion-without-cause. 

According to them, if we consider motion-with-cause, then “we can actually assign motion and 

rest” (Garber 2009: 115) suggesting that a hypothesis with a causal model can be true rather than 

just *true. 

 One point that immediately raises suspicion of this suggestion is that there seems to be no 

reason for Leibniz to even consider motion-without-cause under the realist reading. It is obvious 

that including actual causes of motion would be better and it would make all hypotheses certain. 

A realist might respond that sometimes causes of motion are simply not known and experiments 

cannot be constructed to determine it, e.g. we can hardly experiment with the orbits of planets. But 

it is not a valid response because it has not stopped Leibniz from adding causes to his hypothetical 

explanations. In fact, the vortex theory – an example of a causal model that the realist use147 – was 

already part of the Hypothesis physica nova which was then explicitly described as a hypothesis. 

Also, Leibniz keeps including possible causes as part of what hypotheses are. For example, in a 

letter to Hermann Conring from 1678 he writes that if we cannot precisely determine a true cause 

of an effect “we are forced to be content to have a hypothesis, that is, a possible cause that is the 

more probable, the simpler and more elegant it is, like the Copernican among astronomical 

hypotheses or the Cartesian in some parts of physics” (A2.1.580). In other words, possible causes 

like the ones postulated by the vortex theory are hypotheses, and so there is no obstacle to 

postulating causes, i.e. to postulating motion-with-cause rather than motion-without-cause and it 

 
147 Meli claims that “according to Leibniz, the existence of vortices is not a hypothesis. [...] As a matter of fact, [...] 
Leibniz’s theory of planetary motion [is] based on the existence of fluids; this point is never in question” (Meli 1988: 
39). However, it seems to me that what Meli describes is exactly a hypothesis, i. e. a hypothetically postulated possible 
cause of phenomena. In fact, only the existence of hypothetical causes is never in question (like ether in Hypothesis 

physica nova); otherwise, it should be called into question and demonstrated. 
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seems absolutely incomprehensible why anyone would not do it under the realist reading and 

would not make a hypothesis certain. 

 Even our instrumentalist reading agrees that a causal model is useful because it shows that 

causes, according to a certain hypothesis, are equivalent to their effects and thus do not violate the 

laws of physics; and that a particular frame of motion could have arisen in a particular way which 

is simpler than the alternatives for predicting future phenomena. Therefore, causes help to achieve 

a degree of instrumental certainty within the hypothetical methodology. It is clearly possible to 

make a conclusion that one hypothesis (e. g. Copernicanism) is certainly simpler than another one 

(e. g. Tychonianism). However, the fact that a hypothesis is certainly simpler than a number of 

others, does not make that hypothesis certain or true by absolute standards.  

 When Leibniz says, which he rarely does, that Copernicanism is the “one true 

hypothesis”148 he could possibly only mean one thing – that a hypothesis is “the one *true 

hypothesis”, i.e. it is certainly simpler than others. Claiming that it is true by absolute standards 

would mean that it could be demonstrated by reducing it to an identity and this cannot be done. 

 There is a crucial difference between the truth of hypotheses and the truth achieved by 

demonstration. Only necessary truths can be demonstrated, i.e. only the truths that are reduced to 

the foundational axiom can be regarded as demonstrative and certain. Hypotheses, on the other 

hand, have degrees of certainty but that certainty never arrives at something equal to a 

demonstration. Leibniz could not be more explicit on this point: “no hypothesis can be refuted 

 
148 For example, Leibniz suggests a similar formulation in his unpublished letters to Bianchini: “I am astonished at 
your rejection of the unquestioned truth of the Copernican system which has been testified (if anything else in nature) 
by phenomena and arguments: and, mostly as a result of this rejection, the proper method of philosophy and the system 
of nature are both shaken. [...] Father [Claude] Deschales, he also a Jesuit, in his Mathematical Lectures said that, in 
explaining the reasons of phenomena, no other System than the Copernican one deserves praise. This argument should 
in my opinion be recalled to the mind of the Pope [...] so that he may want to rescue the Italian thinkers along with the 
truth and free the latter from the constraints that, particularly in Astronomy, keep it tied to the ground” (Leibniz 1888: 
181–182, tr. De Risi). I am grateful to Vincenzo De Risi for providing me access to this elusive correspondence and 
its translation. 



Leibniz’s Logical Foundations of Physics 

140 

rather than others through certain demonstration, not even by someone omniscient, it follows that 

none is false rather than others” (A6.3.110, tr. Arthur).  

 The confusion arises from the equivocation of Leibniz’s use of the word “true” to talk about 

hypotheses and demonstrated principles alike. Being false but *true (as simple hypotheses are) is 

not contradictory because true and false means demonstrated; whereas *true means being simpler. 

There is a meaningful way in which there can be a combination of these types of truths. Consider 

some canonical examples: 

 True False 

 the Equipollence principle; the 

conservation of vis viva 

Cartesian conservation of quantity of 

motion149 

*True  Copernican hypothesis 

*False  Ptolemaic hypothesis 

 The realist interpretation claims that by causal models it is possible to transfer a hypothesis 

from False-*True cell into True cell. However, this does not seem possible, first of all, because 

propositions in the True cell are necessary and demonstrated which a hypothesis, understood as a 

frame of motion, is not and cannot be. Second, causal models for Leibniz explicitly have a different 

role which is to determine whether a given hypothesis belongs to the cell False-*True or the cell 

False-*False. Leibniz states that the decision is made here with “reference to a cause” (A6.3.111, 

tr. Arthur). Therefore, causal models already have quite a different role from that which the realist 

reading ascribes to it. 

 
149 There are people who have argued that the Cartesian conservation principle is “true” for Leibniz and this is not 
aimed at denying this, e.g. Brown (1984: 123). However, even if we take the conservation of quantity of motion to be 
true for Leibniz, he denied it as a Cartesian principle and it should not be controversial that he would put it in this 
category. 
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 Yet the realist and the aetiologist readings make a good point about Leibniz’s consideration 

of causes in distinguishing between False-*False and False-*True propositions. Leibniz indeed 

thought that causal models are significant in judging the simplicity and the explanatory power of 

a hypothesis. Therefore, a hypothesis is *true when it enables easier geometrical and causal 

derivation of other hypotheses. To signify this, we are using the operator ⊢+ in our Reformed 

conception of hypotheses: 

 

 For h to be instrumentally true (*true) (i) it must not be in contradiction to the set or any 

subset of L; and (ii) h must enable easier derivation of other ) = {ℎ� ⊢+  ℎ, … ℎ�}. 

 

 With this in mind, we have a sufficiently clear picture of how Leibniz viewed his physical 

methodology at the time around 1677. The year 1678 will bring another huge leap in the 

development of Leibnizian physics – De Corporum Concursu (January, 1678). The text establishes 

both the conservation of force and conservation of total direction as the basic principles of the 

dynamical science. Similarly, to our treatment of the Theoria motus abstracti and the Hypothesis 

physica nova, we are going to investigate whether Leibniz actually employs his methodology in a 

major physical work. 
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7. Methodology in the Reformed Physics: De Corporum Concursu (1678) 

7.1.General schematism and common center of gravity 

 

 Going into his next major physical work called De Corporum Concursu (the De corporum 

concursu) in 1678 Leibniz had an idea of a reformed methodology of physics, both in its logical 

foundations and the new idea of hypotheses as equivalent frames of motion. The De corporum 

concursu is a unique document because it consists of separate schedae that Leibniz revisits in the 

course of writing and flags his mistakes and changes of opinion.150 Leibniz formulates for the first 

time the three essential equations of the new dynamical science among these schedae. However, 

even before writing it – in the period 1674–1676 – Leibniz had established a new physical 

methodology which helped him in his discovery. The purpose of sections 7.1—7.3 is to track 

Leibniz’s use of that methodology in the De corporum concursu and other related texts. 

 The reformed physical methodology for Leibniz was marked by the idea of demonstrative 

physics as part of the demonstrative encyclopedia in general. To have a demonstrative system of 

physics he had to find an axiom to which all the particular laws could be reduced. That axiom 

would also need to be an identity taken as an umbrella term for all relations that enable the 

substitution salva quantitate/veritate (e.g. equivalence relations, like equality, congruence, 

equipollence, and coincidence) because, according to Leibniz, all demonstrations require that the 

propositions be reduced or be in principle reducible to identities. The identity that Leibniz posited 

as the axiom of the demonstrative physics was the Equipollence principle. 

 
150 Fichant writes: “It is particularly interesting for us that after completing the ninth folio Leibniz has reviewed, with 
the pen at hand, the first seven schedae (including the insertions) and has enriched them quite abundantly with 
commentary and corrections in the light of his new equation of force” (Fichant 1994: 14). A close reading of the 
reformation in the De corporum concursu is presented in Duchesneau (1994a: 113-132).  
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 Contemporary with the formulation of the logical foundations of physics, Leibniz also 

discovered the importance of the relativity of motion for physical explanations. Around 1676 it 

became apparent to Leibniz that demonstrations cannot be constructed concerning the subjects of 

motion or the change of situation. The relativity of motion cannot be overturned or determined by 

any observation or demonstration, not even by someone omniscient.151 Different configurations of 

motion and causes can always account for the same phenomena. Hypotheses are possible frames 

of motion and they are evaluated by their simplicity and ability to explain the phenomena. 

 De corporum concursu is written in the context of these methodological formulations. It 

consists of ten folio sheets. Each sheet (scheda) is labeled and ordered (from scheda prima to 

scheda decima) with the general heading De corporum concursu repeated at the top of the majority 

of them. The first nine schedae bear the date of January 1678, the tenth marks both January and 

February. Also, two of the schedae contain inserted folios, which Leibniz designated as scheda 

secundo-secunda and scheda secundo-sexta. Although he was unaware of this document, 

Hannequin was the first to suggest that Leibniz has discovered his fundamental dynamical 

equations in 1678 to 1679 (Hannequin 1908). Confirming this intuition, Fichant has presented the 

De corporum concursu manuscript in 1972 at the II. Internationaler Leibniz-Kongress (Fichant 

1974). Later, the manuscript was published by him as La réforme de la dynamique: De corporum 

concursu et autres textes inédits (1994). Alongside the edition Fichant offered an introduction, 

commentary and a collection of supplementary texts that Leibniz wrote around the same time. 

Also, Duchesneau (1994a) offered his interpretation of the development of Leibniz’s dynamics 

involving the De corporum concursu as one of the key texts. Since then scholars have been often 

referring to the work but recent systematic interpretations have been lacking. The Akadamie-

 
151 In Principia mechanica Leibniz has claimed: “since no hypothesis can be refuted rather than others through certain 
demonstration, not even by someone omniscient, it follows that none is false rather than others” (A6.3.110, tr. Arthur). 
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Ausgabe has recently published the vorausedition of Reihe VIII Volume 3 that includes the De 

corporum concursu. An additional goal of sections 7.1—7.3 is to offer a new reconstruction of 

Leibniz’s arguments and calculations in the De corporum concursu. Our reconstruction differs 

from both Fichant (1994) and Duchesneau (1994a) in retaining Leibniz’s original symbolism and 

calculations. 

 Leibniz’s new idea of physical methodology does not allow for a distinction between 

abstract and concrete study of motion. The De corporum concursu is his first attempt to build 

demonstrative physics in which laws of motion are reduced to the Equipollence principle. 

Unsurprisingly, Leibniz introduces the axiom with the very first sentence of the 1st scheda: “In 

every motion the same force is conserved“ (A8.3.297vor/F.71). This is essentially the same 

proposition that Leibniz has expressed in De Arcanis Motus: “they [sc. cause and effect] coincide 

in the fact that both the cause and effect have the same force” (A8.2.136). However, this is not yet 

the Leibnizian concept of force because it is described as “the quantity of size times the quantity 

of speed” (A8.3.297vor/F.71) which is the Cartesian conservation of the quantity of motion. In a 

remark on this description added in the course of writing later schedae152 Leibniz notes: “Error: 

this does not follow in our system”153 (A8.3.297vor/F.71f2) meaning that the description of force 

as “the quantity of size times the quantity of speed” (A8.3.297vor/F.71) is false. How Leibniz 

arrived at this position and how he grounded his own principle of conservation of force as vis viva 

is the most exciting question in the De corporum concursu.  

 Let us consider an example of a demonstration that Leibniz employs to establish a general 

proposition: “A smaller excipient body gains the force that the incoming body has lost but it 

rebounds with as much greater speed as it is smaller than the incoming body. It follows because 

 
152 Probably at around the time of writing 8th scheda, see Fichant (1994: 212). 
153 On the meaning of “in our system”, see footnote 116. 
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otherwise the same total force would not be conserved” (A8.3.304vor/F.76). To demonstrate that 

proposition Leibniz employs a kind of Huygensian154 representation of the collision: 

 

Fig. 9 

 In fig. 9 A and B represent bodies at the initial position with C as their common center of 

gravity; (A), (B) and (C) represent the respective positions at the time of collision (a point of 

collision is where the bodies coincide, so Leibniz later notes that this representation is only 

accurate for point-like bodies, A8.3.305vor /F.77f3); and ((A)), ((B)) and ((C)) represent the bodies 

and their center of gravity after the collision. Leibniz adds the following proportional measures: 

- -) = 6, -! = 2, ! !) = 4,  -)  -)) = 3 and  1)  1)) = 6. From this he reasons that 

  -))  1)) must be equal to 3 because   -))  1)) =  1)  1)) –  -)  -)), also that 

  -))  !)) = 1.155 Then, since  !)  !)) is equal to  -)  -)) +   -))  !)), it must be equal to 

4 and, therefore, equal to C(C), or the distance of the center of gravity (via centri gravitatis) leading 

up to the collision, because it was also equal to 4 ex hypothesi. Thus, in the end Leibniz is able to 

arrive at the identity: “C(C) equals 4 equals (C)((C))” (A8.3.304vor/F.75) and prove that “in this 

way the distance of the center of gravity remains the same“ (A8.3.304vor/F.75). This type of proof 

employing the common center of gravity as the measure of causal interactions became crucial in 

 
154 Murray, Harper, Wilson accurately describe Huygens’ method as “geometrical method of using line segments to 
give velocities after impact from velocities at impact, together with the center of gravity” (Murray, Harper, Wilson  
2011: 158). Huygens used this representation in his 1669 paper which was well known to Leibniz. Huygens also 
applied it in his expanded discussion of collisions (Huygens 1888–1950, 6: 342). 
155 Leibniz’s does not give a separate argument for this but one can easily see that if both bodies retain the same size 
before and after the collision, their common center of gravity must remain proportional to the initial one. 
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Leibniz’s calculations. It was meant to make sure that the same force is conserved before and after 

the collision, or that the full cause and the entire effect are equivalent. 

 This strategy is recognizable also in Huygens. However, with the publication of A8.2 in 

2016 and the Vorausedition of A8.3 it is becoming more evident that Leibniz was working out his 

own approach to calculating force through the distance of the common center of gravity. There is 

no denying that the idea is Huygensian but it seems that Leibniz does not simply take the method 

for granted. Leibniz’s approach is embedded in his own methodology. 

 We have seen that in the De Arcanis Motus Leibniz had called for demonstrative physics 

based on the Equipollence principle. Then in 1678 Leibniz wrote the first sentence of the 1st scheda 

of the De corporum concursu: “In every motion the same force is conserved” (A8.3.297vor/F.71). 

In the De corporum concursu, Leibniz interpreted the conservation of force through the distance 

of the common center of gravity, so when he purports to show that a smaller resting body rebounds 

from the incurring bigger body, he maintains that “it follows because otherwise the same total 

force would not be conserved” (A8.3.304vor/F.76); but his actual argument shows that “C(C) 

equals 4 equals (C)((C))” (A8.3.304vor/F.75) which proves that “in this way the distance of the 

center of gravity remains the same” (A8.3.304vor/F.75). It is evident from this that in the De 

corporum concursu Leibniz takes the conservation of the distance of the common center of gravity 

to be the correct application of the Equipollence principle and the conservation principle.  

 Thus, Leibniz holds that if the distance of the center of gravity remains the same, then the 

same amount of force is conserved, and then full cause is equivalent to the entire effect; and the 

opposite is true, if the distance of the common center of gravity does not remain the same before 

and after the collision, then the same total force (“vis eadem in summa”, A8.3.304vor/F.76) is not 
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conserved and the full cause is not equal to the entire effect. In other words, Leibniz saw these 

principles as equivalent. Let us call this view the Matching of principles. 

 As early as 1676 Leibniz had dedicated 

preparatory works to establish the Matching of 

principles. Most clearly it appears in a piece 

Axioma de potentia et effectu (1676).156 In the 

text, Leibniz is trying to show that there is an 

equivalence between lifting and pendular motion 

by balls on a pulley and a pendulum (see fig. 10): “It is equally easy to lift bodies arranged in an 

arc BC around the center ⟨A⟩, as it is [to lift] equal bodies arranged in a line EF“ (A8.2.235). The 

figure represents two mechanisms – a pendulum ABCD and a pulley P with a cord NPF. On the 

pendulum from B to C there is a series of balls. An equal series of balls is also arranged on the 

cord section from F to E of the pulley. Leibniz’s claim is that it would take the same force for the 

pulley P to lift the series of objects from FE to QH as it would take for the object on a pendulum 

D to lift the series of objects CB to LG around the axis A. 

 The case that Leibniz is analyzing is relevant for the Matching of principles in two ways. 

First, he is trying to show that the force of a motion is calculated by the height to which the common 

center of gravity is raised: “we shall express the force of a body if we say that it can produce the 

same height of a given weight. And whatever will be able to produce that height of the same 

weight, it will seem to be as powerful“ (A8.2.237). This part of the Matching of principles is very 

 
156 Unfortunately, Fichant does not include it among the preliminary works in his edition of the De corporum concursu. 
All of Fichant’s edited preliminary works come from 1677 and later. It shows that Fichant was convinced that the 
initial reformation takes place within the bounds of the De corporum concursu. However, it is clear that Leibniz has 
laid significant methodological groundwork before he composed the De corporum concursu. 

Fig. 10 
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Huygensian157 and, in fact, Leibniz mentions without reference that this is demonstrated elsewhere 

by the fact that the same object can rise to the same height from which it has fallen which is 

discussed by Huygens. As Meli explains:  

 

“Huygens’ new approach was based on two hypotheses or axioms: that the center of gravity 

of a system of weights moved by their own gravity cannot rise higher than its initial 

position, and that the center of gravity of a compound pendulum crosses equal arcs in 

descending and ascending. [...] while investigating collision Huygens relied on the 

pendulum, which enabled him to transform horizontal speeds into measurable heights both 

as an experimental device and as a conceptual tool” (Meli 2006: 211). 

 

 However, Leibniz emphasizes that the same proposition also follows directly from the 

Equipollence principle: “this demonstration supposes what is demonstrated elsewhere, that a 

heavy descending body given its acceleration will surge to the same height. And there was no need 

for other axioms except this: the effects of the same force are equal“ (A8.2.237). Thus, he thinks 

that the measure of the common center gravity is derived from the Equipollence principle: “the 

same weight can reproduce its height. This follows already from the fact that the effect is 

equipollent to its causes“ (A8.2.237). From this it is clear that Leibniz took the calculation of the 

 
157 The importance of the center of gravity and the heights to which it can raise itself comes from Huygens’ 
Horologium Oscillatorium (1673) which, according to Yoder, “is above all a commentary on the effect of gravity on 
the pendulum regulator of a clock, and as such it is more a treatise on accelerated motion than a treatise on clocks per 
se” (Yoder 1988: 96). The importance of the pendulum clock in discussing collisions was that a truly isochronous 
curve can serve as a tool to conceptualize collisions at the center of oscillations.  
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common center of gravity to be the correct method to measure the amount of effect that a motion 

produces (the “quantitas effectus”).158  

 Moreover, he goes on explaining that: “From this it is demonstrated somethings else, 

namely that every effect can reproduce its cause, for the effects of equal forces are equal“ 

(A8.2.237) meaning that causes with the same force are able to produce equivalent effects and that 

every effect can reproduce its cause. From this Leibniz infers the following series of causal 

equivalences:  

 

“Let A be the force of the effect B which is the production of a height, then the third effect 

of the same A through B will be called BC which will be the reproduction of a height. Let 

there be another effect of the same A, namely – E, and the effect of E which is D. I claim 

that E can produce D⊓BC which is E⊓B since it is an effect of the same cause, and the 

effects of equal forces are equal, thus D being the effect of E and BC being the effect of B 

are equal. Thus, BC⊓B, and therefore D⊓B. Also, since B⊓E, then D⊓E” (A8.2.237).  

 

This transitivity of causes and effects is grounded in them having the same force and thus the same 

ability to produce an equivalent effect. It is important because Leibniz needs to prove that the if 

the ball D on the pendulum A (fig. 10) would hit the first ball of the series at C, the force of the 

collision would carry through to the last ball B and then it would be displaced towards the point G 

on the same pendulum. However, the foundational reasoning behind this argument was related 

directly to the Matching of principles. Leibniz expresses it very clearly at the end of the argument: 

 
158 In 1677/8 Leibniz wrote: “From this it is further demonstrated that cause and effect are entirely equipollent. For 
the force or quantity of effect in a homogeneous [motion] has to be calculated by, for example, the elevation of a 
heavy body to a certain height” (A6.4.1964). 
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“The effect is estimated by the force that it contains. Hence, when it is said that the effects are 

equal, it should be understood that they are equal forces; and it could be said that the effects of 

equal forces are equipollent“ (A8.2.237). It shows that already in 1676 Leibniz held 1) that full 

cause and entire effect are equivalent; 2) that they are equivalent by having the same force; and 3) 

that the force is conserved if the common center of gravity travels the same distance (is lifted to 

the same height) before and after the collision. Hence Leibniz has established the full scope of the 

Matching of principles already in 1676 and prior to writing the De corporum concursu. 

 Having that in mind, it is easier to understand why Leibniz would argue in the De corporum 

concursu that “A smaller excipient body gains the force that the incoming body has lost but it will 

rebound with as much greater speed as it was smaller than the incoming body itself. It follows 

because otherwise the same total force would not be conserved” (A8.3.304vor/F.76) and then 

provide a calculation to the effect that “C(C) equals 4 equals (C)((C))” (A8.3.304vor/F.75). This 

argument is possible because Leibniz took the conservation of the distance that the common center 

of gravity travels to be an expression of the conservation of force and the latter to be the expression 

of the Equipollence principle.  

 The Matching of principles is a consistent feature of the De corporum concursu. In 

considering every outcome of collisions Leibniz is calculating the distance of the common center 

of gravity to establish the conservation of force. However, the Huygensian representation of 

collisions (as in the case of fig. 9) was not the type of proof that Leibniz wanted to have in his 

demonstrative physics. He wanted to go beyond the account of isolated cases and to derive general 

laws of collisions or in his own words to give an account of the laws of motion “calculo 

generaliore” (A8.3.304vor/F.76). To that end Leibniz constructs a General schematism which 

encompasses all different cases of collisions. We will focus here on the “four certain propositions” 
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(A8.3.312vor/F.85) that Leibniz gives in 2nd scheda on the collisions of unequal bodies when one 

of them is at rest (although it could be similarly construed for all types of collisions). 

 The four propositions each express a general proportion of different forces acting in 

collisions. Vis progressus (VP) is represented as 

 56 in fig. 11 and it is the force with which the 

incurring or incoming body continues to move 

after the collision. The second kind of force is vis 

impulsus (VI), represented as 76, which is the 

force that is impressed on the resting object 

(transferred to it) at the moment of collision. The 

last variety of force is vis repulsae159 (VR) 

represented, again, as 56. This force, like vis progressus, results in the incoming body after the 

collision but in this case the smaller body rebounds instead of continuing (progressing) so the force 

is called repulsive instead of progressive. All of these collisions would be considered incursions 

in the De corporum concursu,160 hence the “in” above the sign that we employ to signify the type 

of collision; also, the shorthand of “BI” and “SM” is employed to denote a bigger and smaller 

object respectively. A modifier (r) denotes that fact that the object is resting. All other symbols 

refer to the general schema reproduced as fig. 11 (A8.3.321-324vor/F.85–87): 

 Ia) :; <1= >?) @�→ BC >5) D)E  ���D	�F	F G�Hℎ ?5 IJ	D ?5 = >5 

 Ib) := <1= LM) @�→ BC L7) D)E  ���D	�F	F G�Hℎ L7 HIG�D(F L7 = LM 

 
159 This expression is grammatically incorrect, it should be vis repulsus. It is unclear why Leibniz chose to use it. 
160 They would be occursions by the terminology of the Theoria motus abstracti, see section 2.1. 

Fig. 11 
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 IIa) :N <BC >5) @�→ 1= >?) D)E ���D	�F	F G�Hℎ (	�D	�F��O ?5  
�	�IG 	PQ���H� G�Hℎ >? ID ���D	�F��O ?5 ��IJ	 ?5 = >5  
 IIb) := <BC L7) @�→ 1= LM) D)E ���D	�F	F G�Hℎ (	�D	�F��O L7 
 
 These are the four general proportions that Leibniz entertains in the 2nd scheda. All of them 

are also represented geometrically. The geometrical representation in fig. 11 is supposed to be read 

from left to right starting with the incoming body which in Ia) is bigger and represented as the full 

line >? whereas the smaller body that it hits and which is at rest is represented by a portion of that 

line >5. So, the size of the colliding bodies is proportional here to >?/>5. What happens in the 

first two cases (Ia and Ib) is that a bigger body >? incurs into a smaller body Zg and after the 

collision the bigger body >? retains some force with which it progresses (vis progressus) further 

and transfers some of its original force (vis impulsus) to the previously resting object >5.  The 

force with which the bigger body progresses increases proportionally with the difference that 

separates the sizes of the two bodies, so the vis progressus represented as gd increases 

proportionally with ?5 or the difference between >? and >5. Leibniz adds that it does so only 

above the point that it is equal with ?5 because below that point the incurring body actually 

becomes smaller and vis progressus turns into vis repulsae. A similar reading on the right side of 

the square will give us the proportion of the force (vis impulsus) with which the smaller body is 

rejected from its resting place – 76 – which apparently gets larger as the size of the smaller body 

– L7 – approaches the size of the bigger body – LM. The two other cases in point (IIa and IIb) can 

be read analogically through the same schema with the smaller body (>5) incurring into a bigger 

body (>?).  
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 Two things are striking from a methodological point of view here. The first and more 

obvious one is that the line 567 illustrates very clearly the conservation principle. In all the 

collisions, the line 567 is divided in two parts with no excess or leftover quantity of motion as to 

illustrate Leibniz’s point already from 1st scheda: “A smaller excipient body gains the force that 

the incoming body has lost [...] otherwise the same force would not be conserved” 

(A8.3.304vor/F.76). From a similar schema we could easily see that even if the bodies were equal 

(so that 56 = 76), they would have to mutually rebound because the resulting vis repulsae and vis 

impulsus would retain the same quantity of motion. In other words, the demonstrative force behind 

the whole schema is that all proportions are restrained by the fact that the line 567 is always 

conserved. 

 The second methodologically important thing is that the line L6? is straight which signifies 

a linear proportionality. Leibniz even advanced arguments why this line must be straight: “The 

line L6? is straight, or the remaining speed of the incurrent uniformly decreases with the increase 

in the size of the excipient body. […] This proposition follows from the simplicity of progression 

itself“ (A8.3.302–303vor/F.75). Later, revisiting the scheda after reinterpreting force as vis viva, 

Leibniz notes very clearly: “Mistake: this line is not straight” (A8.3.304vor/F.75). In fact, this is 

the only essential thing that changes in the proportional structure because, as Leibniz notes, “these 

propositions remain certain even after we remove other mistakes“ (A8.3.328/F.87n1) which means 

that strictly speaking the increase and decrease along the same lines but with different proportions, 

i.e. the line L6? turns out to be a curve rather than a straight line. 
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7.2.Justification of the conservation of vis viva and relative speeds 

 

 Let us take a look again at the part of Leibniz’s Reformed conception of hypotheses: 

 

A hypothesis h (I) is a frame of motion f, where (II) f is a possible configuration of objects 

according to set of laws of physics � = {�� … ��} and (III) L is such that � !) ≏
� "), $ ⊢&' � and (IV) D is a set of relevant definitions $ = {(� … (�}, and (V) the rules 

of ⊢&' are described in the general project of characteristica universalis. 

 

What Leibniz seems to try to achieve in the first schedae of the De corporum concursu is to figure 

out the general calculus of the laws and put them into an analytical form. We know that Leibniz 

considered the Equipollence principle to be the foundation of demonstrations in physics. The 

Equipollence principle was already translated into the claim that the cause and the effect must have 

the same force in the De Arcanis motus. According to the Matching of principles, the way to ensure 

that the same force is conserved in the cause and the effect was the distance by which the common 

center of gravity of objects is displaced before and after the collision.  

 However, while writing the later schedae Leibniz noticed that in the collision of a smaller 

body which incurs and rebounds from a bigger body the same force (understood as the Cartesian 

quantity of motion) is not conserved and the distance of the center of gravity is not the same before 

and after the collision. This meant that there was a fundamental error in the very principles of the 

De corporum concursu and Leibniz had to identify it. 

 The demonstration begins in scheda 2.2 by considering this Huygensian schema and 

providing the following definitions: 
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Fig. 12 

 

1)  Here points B, (B), (A) and (C) coincide; 

2)  e is the speed of the incurrent (smaller) body A(A) 

3)  ε is the speed of its repulsion (A)((A)) 

4)  y is the speed of the impulsus of the bigger body (B)((B)) 

5)  c is the distance of the center of gravity before the collision C(C) 

6)  κ is the distance of the center of gravity after the collision (C)((C)) 

7)  d is the original distance between the bodies – AB, in this case, it is equal to ε, 

because B is at rest. 

8)  δ is the distance between the bodies after the collision – ((A))((B)), in this case it 

is equal to � +  �. 

9)  Bodies are represented in the following calculus as � and �. 

 

 Given these definitions, we know that - -) = 	 = -1 = - !) and that -! + !1 = 	 (by 

2 and 1); also, that 1! = � (by 5 and 1). According to the equation formulated elsewhere in the 1st 

scheda � = S
STU 	, we can get 

&V
WVX+ = U

S. Leibniz transforms the proportion 
&V

WVX+ = U
S into -! = U

S �. 
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In the meantime, -! + 1! = 	 can be transformed into -! = 	 − 1! and since 1! = �, then 

-! = 	 − �. 

 Next step is to merge the two expressions of AC above into one: 	 − � = U
S �. In turn this 

can be transformed into 	 = U
S + 1 � and further into  � = Y

,TZ
[
 . It is clear from the definitions that 

c represented the quantitas effectus before the collision. Its expression can be simplified to � =
S

STU 	. The meaning of c is the “the distance of the center of gravity before the collision C(C)” 

(A8.3.313vor/F.89). We have seen that if the distances are not conserved, then the Equipollence 

principle is violated. From this it follows that the equality � = \ must be valid. According to the 

calculation above Leibniz has already discovered what c is. The next order of business is to find 

κ.  

 First, Leibniz notes that � =  1)  1)) (by 4) and � =  -)  -)) (by 3). Then he applies 

the formula for speeds after the collision and gets   1))  !)) =  S
STU δ. We also can easily see that 

 1)  1)) −   1))  !)) =  1)  !)) and since  1)  !)) =  !)  !)) (by 1) and  !)  !)) =  \, 

then we know that \ =  1)  1)) −   1))  !)). We already know that  1)  1)) = � (by 4) and 

we have found that   1))  !)) =  S
STU δ in the previous step, so finally κ = � −  S

STU δ. This is the 

first expression of κ, that is, an expression of the quantitas effectus contained in the effect of the 

collision. The expression, however, can be further refined. Given that δ =  � +  � (by 8), we are 

able to get κ = � −  S
STU  � +  �) which in turn yields κ = U_`Sa

STU . 

 In the end Leibniz arrives at the two expressions of the distances of the center of gravity 

before (� = SY
STU) and after (κ = U_`Sa

STU ) the collision which represents how much quantitas effectus 

is contained in both events. Obviously, given the Equipollence principle as the founding axiom in 
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physics, those values must be equal. If the quantitas effectus is indeed conserved, we should get 

the result that �� − �� = �	 (simplifying both equations). However, given Leibniz’s calculation 

in 1st schedae of the conservation of quantity of motion, it follows that �� + �� = �	 and “from 

this it will follow that −�� = +�� which is absurd” (A8.3.314vor/F.90). 

 If we follow the process of the proof closely, we see that it is exactly what Leibniz 

envisioned as a demonstration in physics. First, it begins by providing the definitions of terms. 

Complex terms – c and k – are analyzed in terms of their constituents and are given their simplified 

expressions. Finally, given that c and k are expressions of the quantitas effectus of the cause event 

and the effect event, they must be equipollent. However, it appears that they are not equipollent. 

So, Leibniz knew that given the premises, c is not equal to k, therefore demonstrating that one of 

the laws involved is false.  

 In other words, Leibniz has derived a contradiction from the fact that in a certain type of 

collision the distance of the common center of gravity remains before and after the collision and 

that the same quantity of motion (“the quantity of size times the quantity of speed”, 

A8.3.297vor/F.71), which he previously took to be the measure of force, is conserved. It means 

that one of these propositions cannot hold. Leibniz could not doubt that the distance of the common 

center of gravity remains before and after the collision because, as we have seen in Axioma de 

potentia et effectu (1676), he took it to be a consequence of the Equipollence principle. At one 

point, Leibniz even claims that “there is nothing that can remove me from this view“ 

(A8.3.320vor/F.85).161 Therefore, it became obvious to him that the conservation of the quantity 

of motion must be false.  

 
161 This passage is in the LH XXXV 9,23 folio 6r in the De corporum concursu manuscripts. Fichant edited the folio 
6r as part of the 2nd scheda whereas the Akademie Ausgabe (at the time of writing) places it in the 2.2nd scheda. It is a 
significant difference in interpretation if we agree with Fichant that 2nd scheda was written before the reformation and 
the 2.2nd was written after it.  
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 After realizing this, Leibniz launched himself into another calculation: “Let us see what 

would happen if not the same quantity of motion but the same force [...] must be conserved; then 

we will have to square the speed of bodies and we will have an equation: ��� + ��� = �	�” 

(A8.3.315vor/F.91). 

 First of all, what does the equation ��� + ��� = �	� mean? We must consider both sides 

of the equation separately. The left side is a sum of the size of the bigger body times the speed of 

its impulsus (B)((B)) squared and the size of the smaller incurring body times the speed of its 

repulsion (A)((A)) squared. The sum of these figures constitutes the expression of total force 

exerted by the two bodies after the collision. It is force, or vis viva, and not quantity of motion 

because the speeds of the bodies (y and ε respectively) are squared. The other side of the equation 

expresses the size of the smaller body a times the speed of its incursion e squared. That constitutes 

the total amount of force exerted by the two bodies before the collision because the bigger resting 

body b was at rest, so that �0� = 0 which is therefore left out in this case. The complete equation 

is thus an expression which means that the same vis viva is conserved before and after the collision 

has happened or that the full cause (the state of bodies before the collision) is equivalent to the 

entire effect (the state of bodies after the collision). 

 Leibniz algebraically combines relative conservation principle with the expression of the 

conservation of the common center of gravity from his previous calculations. He then derives that 

�� = �	 + � from the second one and the ��� = �	� − �� from the first. The ultimate test of this 

idea was seeing if these two equations are proportional. Leibniz proposes the following method: 

��
��� = �	 + �

�	� − �� 

Now divide the fraction on the left by � and what is left is 
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��
��� = 	 + �

	� − �� 

From this Leibniz draws the conclusion that � = 	 − � and from this that � + � = 	.  

 The resulting expression is an equation for the conservation of distance or relative speeds 

of bodies. In essence it claims that the same total relative speed will be conserved before the 

collision (when only the incurring body was approaching the bigger resting body with the speed 

e) and after the collision (when the bigger body is moving by the speed y and the smaller body 

rebounds at the speed �). 

 So, in conclusion, Leibniz has found that if you replace the Cartesian idea of conservation 

as size times speed, “then we would need to square the speed of bodies” (A8.3.315vor/F.91) 

producing the new measure of conserved force as vis viva. Several notes in the 2.2nd and 3rd 

schedae indicate that “the absurdity arises from the false hypothesis of conservation of quantity of 

motion” (A8.3.327vor/F.94) or that the calculus gives the absurdity only “given that the same 

quantity of motion remains (A8.3.312vor/F.89) or even more generally that “This scheda [2nd] 

rightly concludes that the same distance or stretch of the center of gravity cannot be conserved 

given that the quantity of motion is always the same. However, it concludes absolutely falsely that 

the distance of stretch of the center of gravity is not conserved while in fact it is the Cartesian 

hypothesis of conservation of quantity of motion which is false” (A8.3.312vor/F.89). 

 There are two points to observe here. First, the calculation that Leibniz carries out in scheda 

2.2 is exactly the kind of demonstration he envisioned for demonstrative physics. It consists of 

definitions, their substitution and the application of the Equipollence principle. It demonstrated 

that the Cartesian idea of conservation was contradictory to the Equipollence principle and showed 

what the true measure of conserved force was. Ultimately, how do we know that what is conserved 



Leibniz’s Logical Foundations of Physics 

160 

in collisions? According to the Equipollence principle, it is the quantity that can be substituted 

salva quantitate. And Leibniz has found the measure of it in the equation that he has derived. 

 Another important point is that Leibniz’s 

new discovery does not change the General 

schematism. It only changes the proportions 

between forces within it. Leibniz makes a remark 

that “these propositions remain certain even after 

we remove other mistakes” (A8.3.322vor/F.87n1). 

So, the general schema remains true even if the 

quantity of motion is replaced with vis viva as the 

correct measure of what is conserved. This is 

possible due to the flexibility of the schema which can accommodate different proportions between 

speed and distance of fall. By Galileo’s law in this world the relation is such that the speed is 

squared. Thus, Leibniz observes after the reformation that the line L6? in the general schema that 

he had considered straight “is not straight” (A8.3.304vor/F.75n5). The correct application of the 

general schematism should look like something like the fig. 13.  

 The three equations derived above form the core of Leibniz’s reformed mechanics. They 

will appear later in Leibniz’s mature dynamics. It is important to emphasize that Leibniz has 

demonstratively established them in the De corporum concursu. The proof that he provides 

constitutes the example of his previously established methodology. We should only add that the 

general expression of the equations must be supplemented by the definition of i as the speed of the 

second body before the collision when it is not at rest (since the particular case that was analyzed 

involved a resting body, it was not introduced).  

Fig. 13 
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 So, the three general equations in Leibniz’s symbolism include the conservation of absolute 

force as  

(l1) ��� + ��� = ��� + �	� 

Then the conservation of the common center of gravity as 

(l2) �� + �� = �� + �	 

and the conservation of distance or relative speeds as 

(l3) � − � = 	 − �. 
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7.3.Reformed methodology applied in the De corporum concursu 

 

 In this section we will draw some conclusion from the demonstrations in the De corporum 

concursu. First of all, let us repeat the Reformed conception of hypotheses:  

 

 A hypothesis h (I) is a frame of motion f, where (II) f is a possible configuration of objects 

according to set of laws of physics � = {�� … ��} and (III) L is such that � !) ≏
� "), $ ⊢&' � and (IV) D is a set of relevant definitions $ = {(� … (�}, and (V) the rules 

of ⊢&' are described in the general project of characteristica universalis. 

 For h to be instrumentally true (*true) (i) it must not be in contradiction to the set or any 

subset of L; and (ii) h must enable easier derivation of other ) = {ℎ� ⊢+ ℎ, … ℎ�}. 

 

The three equations established in the 2.2 scheda as laws belong to the set L. According to the 

general schema, laws should satisfy the conditions (III-V). Fichant rightly observes in his analysis 

of scheda 2.2 that given any of the two equations, the third can be derived (Fichant 1994: 211). 

For example, given (l1) and (l2) Leibniz derives (l3) and given (l1) and (l3) he derives (l2). We 

know from the De corporum concursu itself and the earlier foundational works that Leibniz 

considered force to be measured by the common center of gravity following Huygens, so if � !) ≏
� "), then �� + �� = �� + �	. However, Leibniz knows that if (not-l2), then ~ � !) ≏
� ")) which is absurd. So, (l2) must hold. Also, if (l2), then the Cartesian conservation principle 

fails, therefore there must be a different measure of force. 

 That different measure of force is (l1) ��� + ��� = ��� + �	�. The quantity of effect is 

expressed through a body’s ability to rise to a certain height on an inclined plane. Given (l1) and 
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(l2) Leibniz is able to derive (l3) as illustrated above. However, as Leibniz himself acknowledges 

in the 2.2nd scheda, (l1) can also be derived from (l2) and (l3) taken together: “Therefore if these 

two – the distance of center of gravity [(l2)] and the conservation of their distance [(l3)] – are put 

together, then we can derive that the same force remains [(l1)]” (A8.3.316vor/F.91). 

 One glaring difference between the old physics and the reformed physics seems to be the 

calculus that is employed in the De corporum concursu. Leibniz’s proofs are being carried out by 

actually calculating and providing algebraic reasons for physical propositions. This is clearly 

related to Leibniz trying to build “demonstrative physics” (A6.4.4) and to “reduce the laws of 

motion, which so far appear in various forms, to a single principle through which we will be able 

to derive analytical equations” (A8.2.133).  

 However, simply the application of algebra does not make physics demonstrative. Algebra 

provides rules for manipulating quantities but by itself it is not enough for demonstrations. As we 

have seen, a demonstration for Leibniz is a reduction to identities. Identities take many forms, e.g. 

equalities, equivalences, coincidences, and equipollences. The certainty of a demonstration lies 

within the founding identity to which a proposition is reduced. In physics the founding identity is 

the Equipollence principle and it is the foundation of all demonstrations and calculations being 

performed because it allows for the terms to be substituted. So, although the physical calculus uses 

algebraic representations, they are representations of something. As in the calculus of terms and 

propositions, the numbers and letters represent simple and complex notions, so in physics the 

algebraic expressions represent forces in the cause and in the effect. 

 The ultima ratio of the validity of physical laws is the Equipollence principle, so despite 

the fact that Leibniz uses algebraic expressions for speeds and distances, they are restricted under 

the proper calculation of forces and thus by the Equipollence principle. As far as logical 
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foundations are concerned, the only valid answer to the question why a certain law of physics is 

valid or invalid is that it either contradicts, or is an instance of the Equipollence principle – much 

like in pure logical calculus propositions are true or false by virtue of being instances of or 

contradictions to the Principle of identity (A=A). To support such a physical calculus Leibniz 

needed certain conceptual requisites which might be called definitions. Definitions were needed 

to express the speeds, distances, forces, and effects of physical bodies in a quantified manner. The 

most important conceptual requisite for the De corporum concursu was the Matching of principles 

which established that the way to calculate forces was through the distance of the center gravity. 

With that in mind Leibniz was able to demonstrate the validity of his laws of the physical science. 

 Having arrived at this conclusion we must also stress that the logical foundations of physics 

are not all that physics or physical methodology is for Leibniz. First, Leibniz notices that his 

calculations involve a certain proportion between the time of fall and speed which comes from 

Galileo and it is established experimentally rather than analytically. He comments on this by saying 

“In our system of the world it is necessary that the momentum is squared speed because the effect 

is the height to which the body can raise itself; also, the heights are proportional to the squares of 

speeds. Perhaps in another system of the world, where the speeds would have different relation to 

heights, we would have a different estimation of force” (A8.3.379vor/F.134). Clearly, physics 

relies on experimental observations in addition to analytical demonstrations, and a proper 

methodology of physics should account for that. It should account for a proper method of 

observations as well as probability: “When we lack sufficient data to arrive at certainty the 

universal characteristic would also serve to estimate degrees of probability” (L.654).  

 Another essential part of physics unaccounted for by the logical foundations is the 

architectonic principles involved in the physical theory. Many commentators have emphasized the 
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role played by the principles of continuity and finality in Leibniz’s physics and optics.162 Fichant 

explains how the principle of continuity is employed particularly in the De corporum concursu.163 

Duchesneau has presented the most comprehensive account. According to him: “Embodying the 

demands of reason, the architectonic principles do not give rise to a true systematic deduction in 

Leibniz. They occur essentially as justified a posteriori, given that they prove themselves useful 

and fertile in the explication of phenomena” (Duchesneau 1994a: 261). In other words, the 

architectonic principles are something over and above the logical foundations because they are not 

deducible in the physical calculus. However, they are used by Leibniz to improve physical 

explanations. 

 Therefore, clearly, physics is richer and broader than its logical foundations. However, the 

foundations are an essential part of how Leibniz understood physical science. Foundations of any 

science have to do with how the truths of that science are demonstrated. At least, this is the sense 

that Leibniz would give to foundations according to the demands of the demonstrative 

encyclopedia. Now, demonstration is founded in a reduction to identities. Our purpose has been to 

follow this line of thought in Leibniz and show how demonstrations physics are reductions to an 

identity – the Equipollence principle – and how it can be understood as an identity. In the last two 

sections (8.1 and 8.2) of thesis we will follow through with this idea of foundations in Leibniz and 

maintain that logical foundations were the true foundations of physics. 

 
162 McDonough has written extensively on the role of final causation and optimal forms in Leibniz’s optics, see 
McDonough (2018; 2016). See also Hamid (2019) and McRae (1976); Duchesneau discusses them extensively in both 
Duchesneau (1993) and Duchesneau (1994a), as well as Duchesneau (1994b) et al. 
163 See Fichant 1994: 213-214. Fichant finds that six lemmas presented in scheda 3 are instances of the principle of 
continuity. 
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8. Methodology and Ontology: What Really Are Foundations? 

8.1.Event causation and agent causation: physics and metaphysics 

 In the present section we will expand on the previous discussion of Leibniz’s logical 

foundations applied to physics. We will go beyond the chronological constraints and see how 

logical foundations of physics play into other areas of Leibniz’s thought, including logic and 

metaphysics. 

 One of the consequences that follow from Leibniz’s methodology is that he seems to have 

had two separate accounts of causation in his physics and metaphysics. The distinction between 

those models of causation is also present in the contemporary literature on the philosophy of action 

and is known as “event causation” and “agent causation.” Lowe describes the difference between 

agent and event causation as follows:  

 

“I discussed issues concerning causation chiefly on the widely shared assumption that all 

causation is event causation—that is, causation by events [...]. However, many philosophers 

[...] consider that a further important species of causation is agent causation, in which the 

cause of some event or state of affairs is not (or not only) some other event or state of 

affairs, but is, rather, an agent of some kind” (Lowe 2008: 121). 

 

 It is clear from our earlier discussion of Leibniz’s metaphysical disagreement with the 

Cartesians that for Leibniz a substance is essentially acting and every substance is an agent: “We 

will be able to say that a body is an extended substance only if we admit that every substance must 

act and every agent is called a substance” (A6.3.158). So, if a substance is acting and exerting 

effects by its actions, then Leibniz obviously admits of agent causation at least in his metaphysical 
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picture. He will give a canonical statement of agent causation later in his Nouveaux essais (1704): 

“[A]nything which occurs in what is strictly a substance must be a case of ‘action’ in the 

metaphysically rigorous sense of something which occurs in the substance spontaneously, arising 

out of its own depths” (A6.6. 210).  

 Moreover, at least one influential interpretation known as the “monadic agency view”164 

claims that all causation for Leibniz is agent causation and every efficient cause is always the 

monad. This view rests on the notion that for Leibniz only true substances (monads) can be 

causally active. This interpretation is supported by some direct textual evidence, e. g. in De ipsa 

natura (1698) Leibniz says: “everything that acts is an individual substance” (GP.4.507/AG.160), 

also in the Nouveaux essais: “[f]aculties or qualities do not act; rather, substances act through 

faculties” (A6.6.174). Jorati, a recent proponent of this view, shows that agency and individual 

will of substances taken together with a certain degree of rationality and the disposition for love 

serve as the foundations for Leibniz’s moral theory: “A monad lacking any inclination to act in 

accordance with reason, no matter how intelligent it is, cannot be a moral agent. After all, such an 

inclination is required for the ability to act morally” (Jorati 2017: 193). Therefore, rejecting agent 

causation or reducing it to event causation would also damage the foundations of Leibniz’s moral 

philosophy. 

 Despite being in agreement with these scholars about Leibniz’s endorsement of agent 

causation in his metaphysics, I fail to see how this model of causation could be realized in his 

physics and in accord with his physical methodology as described above. Let us consider Lowe’s 

general statement of a “reductionist thesis” according to which all agent causation would be 

reduced to event causation: 

 
164 Bobro and Clatterbaugh (1996: 416). Also Bobro (2008) and Jorati (2017: 31ff). 



Leibniz’s Logical Foundations of Physics 

168 

 

(RT) Agent A caused event e if and only if there was event, x, such that x involved A and x 

caused e. 

 

Lowe convincingly argues that in any system in which RT is true, “any statement of agent 

causation can be analyzed in terms of a statement in which no notion of causation other than that 

of event causation is employed” (Lowe 2008: 123). This means that if RT is true for a system, then 

that system reduces all agent causation to event causation and thus effectively eliminates the 

former as a valid principle of causation. We will argue that RT is true in Leibniz’s physical 

methodology and thus agent causation is eliminated from Leibniz’s physical analysis. 

 There seems to be no possible way to express a statement of agent causation according to 

the laws of physics as described above. Let us consider a collision that Leibniz discusses in the 

2.2nd scheda of the De corporum concursu. 

 

Fig. 12bis 

 

According to the founding physical axiom, in every collision the full cause is equivalent to the 

entire effect and, therefore, motive force (vis motrix) must be conserved. Leibniz has proposed two 

ways of ensuring that the conservation of force is observed. First, one must make sure that the 
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distance of the center of gravity before the collision C(C) must be equal to the distance of the 

center of gravity after the collision (C)((C)). However, that does not introduce agency in any way 

precisely because the center of gravity is common, so the fact that C(C)=(C)((C)) does not tell us 

anything about the agency of either A, or B. As long as the proportion C(C)=(C)((C)) is 

maintained, we can have a variety of hypotheses ascribing agency (and motion) to different 

subjects. 

 The second way to ensure that the same motive force is conserved is to apply the Leibnizian 

law of the conservation of vis viva: ��� + ��� = ��� + �	�. However, this also does not ascribe 

agency to either of the objects. Leibniz’s law applied to the collision above would read verbatim: 

the size of B times its speed of impulsus (after the collision) squared plus the size of body A times 

its speed of repulsion (after the collision) squared is equal to the size of body B times its speed 

before the collision squared (0 in this case) plus the size of body A times its speed of incursion 

(before the collision). In this analysis it is also clear that there is no agency ascribed to either A, or 

B as long as the total sum of vis viva remains the same before (the right side of the equation) and 

after (the left side of the equation) the collision; in other words, as long as the vis viva remains the 

same, it is not determined which body is acting.  

 Let us consider how Leibniz treats cause and effect in the cases of common center of 

gravity and the conservation of vis viva. In the first case, Leibniz is defining the cause as the 

distance that the center of gravity travels before the collision; and he defines the effect as the 

distance that the center of gravity travels after the collision, hence: 

 

Cause := C(C); Effect := (C)((C)) 
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Similarly, in the second case, i.e. in the expression through vis viva, the cause is the right side of 

the equation while the effect is the left side: 

 

Cause := ��� + �	�; Effect := ��� + ��� 

 

 Lowe’s RT fits both of these definitions. Suppose we wanted to ascribe the effect of the 

collision represented in fig. 12bis to the body A as an agent. According to RT, that would only be 

possible if there was an event, x, such that x involved A and x caused e. It seems that this is exactly 

what the two definitions of cause and effect above claim: A caused the effect of the collision e iff 

there was an event x (described by C(C) or by ��� + �	� respectively) that involved A, and x 

caused e. Therefore, we can formulate two Leibnizian instances of RT:  

 

 given his expression of cause and effect through the common center of gravity, (p1) A 

caused the effect of the collision (C)((C)) iff there was an event C(C) that involved A, and 

C(C) caused (C)((C));  

 given Leibniz’s definitions of cause and effect through the conservation of vis viva, (p2) A 

caused the effect of the collision ��� + ��� iff there was an event ��� + �	� that involved 

A, and ��� + �	� caused ��� + ���.  

 

Both (p1) and (p2) show how a statement of agent causation is reduced to a statement of event 

causation in Leibnizian physics. In our example of the collision the Leibnizian analysis gives the 

following events as cause and effect: 
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Cause event (x) Effect event (e) 

Fig. 12ter 

In line with Lowe’s RT, the agency can be ascribed to A iff there was an event, x, such that x 

involved A and x caused e. In Leibniz’s physics there is simply no language to express a causal 

statement that would not be reduced to event causation and would simply ascribe the activity to an 

individual object without there being a causal event. Therefore, RT is true for Leibniz’s physics. 

 There is also another argument that can be made for RT in Leibniz’s physics. Before 

embarking on the argument, we must establish some technical terms of Leibniz’s logic. First of 

all, Leibniz acknowledges a certain difference between a formal identity (e. g. A=A) and a virtual 

identity (e. g. A=B). Formal identities are for Leibniz true axioms and are self-evident. As we have 

seen in his notes on Mariotte’s Essay de Logique: “there is no other sense of ‘certain from 

themselves’ than being identities” (A6.3.328). Virtual identities are not self-evident but by a chain 

of definitions they can be reduced to formal identities. As Mugnai explains clearly:  

 

“Let us take two terms as an example: A and B; now, it is always possible to substitute in 

the place of both of them their definition and then the definition of terms that enter into 

those definitions, and so on. If at the end of this process of substitution we reach a proper 

identity between the terms that define A and the terms that define B, then A and B (the 



Leibniz’s Logical Foundations of Physics 

172 

initial terms) can be called identical; but, as Leibniz explains, identical virtualiter”165 

(Mugnai 1976: 82–83).  

 

Virtual identities are informative identities that can be demonstrated by a series of definitions. This 

is why Leibniz also calls virtual identities true by reduction or true by consequence: “[propositions] 

true by consequence are virtually identical [propositions] that through the analysis of terms [...] 

are reduced to formally or explicitly identical” (A6.4.805). 

 However, virtual identities can sometimes fail, as is well observed in the literature.166 It is 

also something that Leibniz seems to be aware of:  

 

“A ∞ B means that A and B are the same or that they can be substituted for each other 

everywhere. (Unless it is prohibited which happens in the cases where some term is 

presented for consideration under a certain respect, e.g. although trilateral and triangular 

are the same, if you were to say ‘a triangle as such has 180 degrees’, one could not replace 

[triangle] with trilateral. There is something material in it” (A6.4.810).  

 

When Leibniz gets back to this example in his later correspondence with Des Bosses, he makes a 

distinction between a term (terminus) and an entity (ens): “terms are different from entities; for 

example, a triangle and a trilateral are the same entity but they are different terms and they differ 

formally, not materially. The same holds for reduplicative terms. Just as a man insofar as he is 

capable of knowledge is not a different entity from a man but is a different term” (Leibniz 2007: 

 
165 A corresponding explanation in Leibniz’s own words is found in the initial remarks to the Generales Inquisitiones 
(1686) at A6.4.764. 
166 Malink and Vasudevan (2016: 697); Castaneda (1974: 390–6), Mates (1989: 127); Ishiguro (1972: 41). 
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308, modified tr.). What Leibniz expresses here is that although some terms are virtually identical 

and, therefore, they coincide in entity, it sometimes happens that under a restricted sense these 

terms do not coincide in their meaning. 

 Reduplicative terms are a category to describe a term used in a restricted sense or under a 

particular aspect.167 Leibniz provides several examples of this: “A REDUPLICATIVE or limited 

term. Who cures a man as much as he is ill, is a medic, and as much as he is a sinner, is a theologian. 

Injured by the ears or in the foot or in the head. What determines a bronze, as much as it is bronze, 

is the form of bronze. What determines bronze in as much as it is a statue is the figure” (A6.4.1241). 

Leibniz sees that virtual identities fail in reduplicative cases in which the term is used in a limited 

sense. 

 It could appear that what Leibniz has in mind with regard to failing virtual identities is a 

use/mention distinction because although in the proposition “all triangles are polygons” one can 

substitute “triangle” for “trilateral”, it could not be done in a proposition like “‘Triangle’ has three 

syllables.” However, as Leibniz distinguishes between words and notions, he likewise 

distinguishes between reduplicative words and reduplicative notions. In this I agree with Mugnai: 

“For Leibniz the reduplicative propositions are such not so much because they refer to the words 

but because of a certain restriction of scope that is covered by the concept” (Mugnai 1976: 85). In 

the end two terms or concepts could be virtually identical even though they may fail to be 

substituted salva veritate in some cases in which their scope is restricted. 

 We have seen previously that Leibniz wanted to establish the Equipollence principle as the 

founding identity of physical science. For that to be possible it was needed to interpret the 

 
167 This usage has already been known to the medieval logicians as reduplicative terms. They were discussed by Paul 
of Venice, De Soto, et al. Jungius also discussed them in his Logica Hamburgensis (Jungius 1638: 142-143). In 
general, reduplicative terms were interpreted as M in S qua M is P. For a detailed discussion also see Bäck (1991: 406-
414). 
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Equipollence principle as an identity in the first place. That is only possible if we understand the 

Equipollence principle as an abstract principle equating the force of the cause and the force of the 

effect. From what we have discussed in the preceding paragraphs, it is quite clear that the 

Equipollence principle cannot be seen as a formal identity because it simply is not of the form 

A=A; thus, it must be a virtual identity or an identity that is demonstrated by a reduction. We have 

also seen that virtual identities are prone to reduplicative restrictions of scope in which they may 

fail. With these notions in mind let us consider some obstacles to maintaining both the 

Equipollence principle as a virtual identity, and rejecting RT as a valid principle in Leibniz’s 

physics. In other words, if the Equipollence principle is a virtual identity, which it is, then RT must 

be valid for Leibniz. 

 When considered through the model of agent causation, the Equipollence principle has an 

irreversible directionality and cannot be considered an identity. Let us once again use Lowe’s 

example of an exemplary agent causation statement: “The bomber caused the collapse of the 

bridge” (Lowe 2008: 122). There is certainly a moral and metaphysical sense in which this 

statement is meaningful for Leibniz. However, there is very little sense in which one could apply 

the Equipollence principle to it. The bomber is certainly not equivalent to the collapse of the 

bridge. Also, we could hardly think of any context (except for the trivial) in which these two terms 

could be substituted for each other. This is because there is an irreducible directionality to the fact 

that the bomber caused the bridge to collapse and there is no sense in which it was the other way 

around. 

 At the same time if this sentence was interpreted through RT as an instance of event 

causation, the Equipollence principle could be applied to it and it would be perfectly in line with 
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Leibniz’s physical methodology and its logical foundations. If RT is applied to the example above, 

we get: 

 

(RTb) Agent B[omber] caused event c[ollapse] if and only if there was event, x, such that 

x involved B and x caused c. 

 

There is a sense in which the Equipollence principle can be applied to this, in fact, it must be 

applied to this because the force of event x must be equivalent to the force of event c. And this is 

exactly how Leibniz envisioned the Equipollence principle in the first place: “in mechanics [the 

axiom] is that full cause and entire effect have the same force” (A8.2.135). Leibniz thinks that if 

the full cause and the entire effect are equivalent, they must be equal to something and thus “[cause 

and effect] come together in the fact that both the cause and effect have the same force, that is the 

same capacity to produce another effect, and they differ only in applications and situation” 

(A8.2.136). In other words, the full cause and entire effect are equivalent because they are both 

equal to the same force and differ only in “applications and situation” (A8.2.136). Given the 

previous definition of reduplicative terms, one could say that the full cause and the entire effect 

are virtually identical (they coincide as ens in the same force), although they differ in a limited 

sense in which the concept is restricted (they differ as terminus).  

 Therefore, Leibniz is able to say that in the case of RTb the Equipollence principle is valid 

as a virtual identity � d) ≏ � �) because both causal events are identical in their quantity or in 

their force. In essence, RT removes the directionality of agent causation which allows Leibniz to 

claim that the full case and entire effect virtually coincide because � d) is equipollent to � �) and 

it can be substituted salva quantitate (except for cases of reduplicative use but that does not exclude 
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the terms from virtually coinciding). I think there is no way to maintain the Equipollence principle 

as a virtual identity (on which Leibniz’s foundational project is based) without accepting RT in 

Leibniz’s physics. 

 A somewhat similar conclusion has been reached by Yost, although from a different 

approach. In 1954 Yost wrote a treatise called Leibniz and Philosophical Analysis which presents 

a conceptual development of many Leibnizian ideas without deliberately going into historical 

detail (Yost 1954: vii-ix). Discussing causal interaction Yost argues that what he calls an A-

sentence (expressing agent causation) is necessarily reduced to something else in the Leibnizian 

analysis:  

 

“We are concerned here with sentences of the form ‘Action e1 in a thing O1 causes1 event 

e2 in another thing O2’. Leibniz maintained that any sentence of this kind can be translated 

adequately into a longer sentence in which the word ‘cause1’ does not appear” (Yost 1935: 

15).  

 

Although Yost’s position seems ambiguous because of using the same formalism ‘e’ to denote 

both actions and events, his claim is that causal statements (A-statements) are ultimately 

translatable to statements about states (a-statements):  

 

“The word ‘cause1’ does not name anything. The A-sentence ‘Action e1 in a thing O1 

causes1 event e2 in another thing O2’ must be translatable into an a-sentence that does not 

contain ‘cause1’ [...] What is such an a-sentence? It is a conjunction of several sentences. 
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Some of them refer to O1 or to states of O1; some of them refer to O2 or states of O2, whether 

implicitly or explicitly” (Yost 1954: 16–17).  

 

By translating Leibnizian causal statements into a series of statements about the states of things 

Yost is incidentally reaching the same effect of removing directionality from physical statements 

about causes.168 

 Given the interpretation of the Equipollence principle through event causation and RTb, it 

is sensible to say that the force of the effect is contained in the force of the cause and vice versa: 

“Indeed, every full effect given the opportunity could perfectly reproduce its cause, i.e. it has 

enough force to restore the thing to the same state in which it first was or to a state equivalent to 

it” (A8.2.136). So, according to the RTb it is true that the collapse of the bridge (event c) would 

have the force required to reproduce the event x which has caused it. Thus, it would be true that at 

least the force of the cause is contained in the force of the effect in relation to its quantity and these 

events could be substituted salva magnitudine in physical calculations. At least something like RT 

is necessary to understand Leibniz’s founding axiom of physics as a virtual identity. 

 Establishing the Equipollence principle as a virtual identity is the crucial part of having 

demonstrative physics. As Leibniz emphasizes:  

 

“Since cause and effect in this case [...] are necessarily connected with each other, it is 

necessary that this connection can be demonstrated, for every necessary proposition is 

demonstrable (at least by someone who understands it). However, every demonstration is 

 
168 Yost makes a further claim about the laws regarding causation: “When [Leibniz] said that two things look as though 
they were causally connected, he meant to say only that there is a certain striking feature that they, taken together, 
share with every pair of causally connected events; the feature in question is concomitance, or correlation” (Yost 1954: 
21).  
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done through definitions and by reduction to identical propositions. It is therefore necessary 

that cause and effect should end up perfectly resolved into the same. [...] Also, such an 

identity can consist only in something in which they come together [conveniunt]; and they 

come together in the fact that both cause and effect have a certain force [potentiam], i.e. 

the ability to produce another effect” (A8.2.135–136).  

 

According to Leibniz, it is required to establish the Equipollence principle as a virtual identity to 

be able to demonstrate it and thus to demonstrate other laws of physics by reducing them to the 

founding axiom: “It is necessary that laws of motion, which until now have been seen as varied, 

be reduced to one single principle through which it will be possible to discover analytical 

equations” (A8.2.133). 

 In other words, when the bridge collapsed there was an event which caused the collapse 

and both the cause, and the collapse must have the same force. This is also the meaning behind the 

etymology of Leibniz’s terms “equivalere” (from aequus and valeo) and “equipollere” (from 

aequus and polleo). Both terms signify that cause and effect are equally potent, or simply have the 

same force. Because of that they coincide as ens having differences only as reduplicative terms, 

i.e. they differ only in “applications and situation” (A8.2.136). Therefore “full cause” and “entire 

effect” are virtually identical in a similar way as “triangle” and “trilateral” are. However, this is 

only possible if Leibniz accepts RT and removes directionality from the physical analysis of 

causes. Leibniz seems to also entertain this explicitly and distinguish between action as something 

directional and qualities which, like force, are non-directional: “All accidents which are not 

quantities belong to qualities. However, I think that we need to distinguish quantity, quality and 

action-passion because the first two are permanent while the latter is a transitory or successive 
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entity. E.g. motive force is a quality but motion is an action” (Leibniz 1975: 188). Since action is 

an ens successivum, agent causation is irreducibly directional and that excludes seeing the 

Equipollence principle as a virtual identity and thus as the foundational axiom of demonstrative 

physics; therefore, it seems that Leibniz must embrace event causation as the model of causation 

in physics and accept RT. 

 In the next and final section, we will propose a more general perspective on this 

discrepancy between Leibniz’s methodological commitments in physics and metaphysics. It has 

profound impact on how we should understand the relation between these two sciences. A 

suggestion will be made to treat this discrepancy as a methodological difference rather than any 

kind of ontological problem. 
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8.2.Importance of methodology in the one-world view 

 “For Leibniz, science is a methodological affair” (Duchesneau 1993: 381), Duchesneau 

writes in his conclusion to the Leibniz et la methode de la science. However, the scholarship on 

the relationship between Leibniz’s physics and metaphysics rarely takes into account the 

methodological point of view.169 It seems that the majority of the literature treats physics and 

metaphysics as two different world views or even ontologies that need to be reconciled. A position 

presented here sees physics and metaphysics as two distinct sciences that approach the same reality 

from methodologically distinct perspectives. According to the first view there are two worlds – 

physical and metaphysical – that stand in need of reconciliation. The second view claims that for 

Leibniz there is only one world at the bottom described by metaphysics, whereas physics is a 

methodologically different, more practical, and less certain description of that world or the 

phenomena that result from it. Following Adams (2002) and, more recently, Antognazza (2017)170 

we will call the first type of interpretation “two-world” and the second type – “one-world.” 

 In the last section we have argued that a particular statement – a reductionist thesis (RT) – 

is clearly false in Leibniz’s metaphysical picture but it is true in his physics and that it is a 

consequence of his physical methodology. It could seem that this conclusion would favor the two-

world interpretation presenting physics and metaphysics as two competing ontologies, one of 

which treats causes as events, the other which treats causes as agents.  

 
169 Duchesneau (1993) and (1994a) are the most significant exceptions to this trend. Antognazza develops a conception 
of the autonomy of physical science: “Leibniz begins to theorize a distinction between physics and metaphysics that 
tracks our modern distinction between the autonomous activity of science in its modern meaning, and the undertaking 
of philosophy” (Antognazza 2017: 21). Gale (1971: 114-27) also makes a distinction between methodology and 
metaphysics. This section is sympathetic to these readings. 
170 Antognazza characterizes the one-world view in these words: “for Leibniz, the phenomena studied by physics (or, 
for that matter, the sensible, extended bodies studied by biology) express what is ultimately real. Physics and 
metaphysics are about what is, ultimately, the same reality. They offer, however, two different kinds of explanation 
of what are—really—the same objects” (Antognazza 2017: 208). 
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 On the contrary, in the present section, we will argue for a one-world interpretation based 

on the logical foundations. To achieve that it will be necessary to analyze Leibniz’s often cited 

claim that physics is grounded in metaphysics. It is the claim that has caused many controversies 

in the Leibnizian scholarship, especially regarding the two-world interpretations because if we 

assume that there are different ontological commitments implied by Leibniz’s physics and 

metaphysics, then it becomes difficult to understand how one can be grounded in the other. Some 

suggestions were made that Leibniz was inconsistent (Hartz (2006), later Garber) or changed his 

mind (early Garber), others (like Rey or Tho)171 try to find a way to bridge the gap between the 

supposedly different ontologies. 

 However, this discussion is in part caused by an ambiguity in the notion of “grounding” or 

“foundation.” The ambiguity is between the “metaphysical foundations of physical reality”172 and 

“metaphysical foundations of physical science.” In his physical methodology, Leibniz certainly 

entertained the latter but not always the former. The precise meaning of how metaphysics grounds 

physical science is inherent in Leibniz’s demonstrative encyclopedia and the project of 

 
171 Tho has argued for the two-world interpretation: “dynamics is not metaphysically neutral because of its implicit 
doctrine of the inherent force of bodies. At the same time however, this inherent force is indifferent to the different 
metaphysical models adopted by Leibniz across this period. As such, the argument here is that although the dynamics 
can be made to be consistent with a number of different incompatible metaphysical systems, this is only because there 
is a metaphysics internal to the dynamics based on the concept of action” (Tho 2017: 134). Rey argues for the 
ambivalence of Leibniz’s notion of “action” in his metaphysics and dynamics: “Dynamical action, in so far as it is an 
image of the action of the monads, is a mode of access, a way to make them intelligible, but at the same time, in so 
far as the dynamical action, at its very root, is formal, the actual grasping of the action is possible in the development 
of the nature of substances (in this respect, the inscription of internal force of motion in any substance is that which 
allows to comprehend this nature of substances)” (Rey 2016: 134). Rey also explains that this ambivalence does not 
point to the different objects of physics and metaphysics – traditionally, phenomena and substance – but to different 
degrees of reality: “Leibniz actually shows that in his view that what makes the divide between difference sciences is 
the difference in the degree of reality and not the objects of knowledge“ (Rey 2016: 134). Thus, it seems that this 
interpretation is a two-world variant because physics and metaphysics study two different degrees of reality, and the 
key question is how these degrees are related. 
172 A good expression of this view is found in Garber: “it is in terms of this Aristotelian picture that we can best 
understand Leibniz’s conception of the metaphysical foundations of physics at this time: the living things, organisms, 
corporeal substances which so fascinated Leibniz in this period are, I claim, the very hooks on which Leibniz hangs 

his new science of dynamics” (Garber 1985: 75), also “it is the corporeal substance that provides a real foundation for 
his science of dynamics” (Garber 1985: 91).  
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characteristica universalis. However, that does not commit him to a metaphysically grounded 

reality of physics. An opposite view has been defended by Garber who suggests that:  

 

“there is a radical change in Leibniz’s thought at just that moment. In 1678 or 1679, Leibniz 

seems to extend substantial forms from theology to physics: substantial forms are important 

now for body itself, for the concept of body that we need to understand the physical world. 

[...] starting in 1678 or 1679, Leibniz begins to articulate a new doctrine: even though 

everything is explicable mechanically, the foundations of the mechanical philosophy 

require us to appeal to soul or form.” (Garber 2009: 49).  

 

However, Leibniz’s reformed doctrine of physics was influenced by his logical and 

methodological ideas that relate to demonstration, structure, and hierarchy of scientific 

propositions, rather than the existence or non-existence of particular ontological entities. 

 The motivation for Leibniz’s reform of physics was not ontological per se.173 It was a 

methodological attempt to structure physics as a demonstrative science – vision that Leibniz had 

for every science that is part of characteristica universalis. Consequently, the relation between 

metaphysics and physics is grounded in those methodological presuppositions rather than in the 

physical corporeal reality being founded in metaphysical reality. In a famous letter to Remond 

Leibniz wrote:  

 

“I flatter myself to have penetrated into the harmony of these different realms and to have 

seen that both sides are right provided that they do not clash with each other; that everything 

 
173 See sections 4.1 and 4.2 in which we argue that Leibniz abandoned his early system because of metaphysical and 
theological issues but constructed his reformed physics based on logical foundations. 
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in nature happens mechanically and at the same time metaphysically but that the source of 

mechanics is in metaphysics. It was not easy to uncover this mystery because there are few 

men who take the pains to combine both types of study” (GP.3.606/L.654–5).  

 

Two-world interpreters emphasize this passage in order to show that, according to Leibniz, 

mechanical entities must be metaphysically grounded (Garber 2009: 48, 245, 352ff); Rutherford 

(1995: 252)). However, physics and metaphysics being two “types of study” (GP.3.606/L.654–5) 

are methodologically, not ontologically related. The source of certainty of mechanics is based in 

the axiom provided by metaphysics and in this sense, mechanics is grounded in metaphysics. Yet 

this does not imply anything about the ontological status of entities described by mechanics. In 

other words, Leibniz is speaking of two sciences and their methodological relation rather than two 

realities or degrees of reality. 

 Leibniz has expressed the view that physics is in some way grounded in metaphysics on 

many occasions. Some canonical examples, often used by the two-world interpreters,174 are the 

following:  

 1) “Therefore, we show that everything in bodies happens mechanically but the principles 

of mechanics and all physics are not mechanical or mathematical but metaphysical“ (A6.4.464);  

 2) “although all the particular phenomena of nature can be explained mathematically or 

mechanically by those who understand them, nevertheless the general principles of corporeal 

nature and of mechanics itself are more metaphysical than geometrical” (A6.4.1559/AG.51–52);  

 
174 The list is from Garber (2008: 50f165), although I am interpolating which passages exactly are being referred to. 
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 3) “We must always explain nature mathematically and mechanically, provided that we 

acknowledge that the very principles and laws of mechanics and force depend not only on 

mathematics but on certain metaphysical reasons“ (A2.2.83);175 

 4) “All the phenomena of bodies can be explained mechanically or by the corpuscular 

philosophy following certain principles of mechanics and without worrying whether there are souls 

or not; but in the ultimate analysis of the principles of physics and mechanics themselves we find 

that we cannot explain these principles by mere modifications of extension and the nature of force 

already requires something else“ (A2.2.122);  

 5) “Taken in the ultimate analysis, physics cannot lack metaphysical principles“ 

(A6.4.722); 

 6) “I fully agree that all the particular phenomena of nature can be explained mechanically 

if we explore them enough and that we cannot understand the causes of material things on any 

other basis. But I hold, nevertheless, that we must also consider how these mechanical principles 

and general laws of nature themselves arise from higher principles and cannot be explained by 

quantitative and geometrical considerations alone” (G.4.391–2/L.409–10). 

 7) “I was charmed by their beautiful ways of explaining nature mechanically, and I rightly 

despised the method of those who use only forms or faculties, from which one can learn nothing. 

But since then, having attempted to examine the very principles of mechanics in order to explain 

the laws of nature we learn from experience, I perceived that considering extended mass alone was 

not sufficient, and that it was necessary, in addition, to make use of the notion of force, which is 

very intelligible, despite the fact that it belongs in the domain of metaphysics” (GP.4.478/AG.139). 

 8) “the source of mechanics is in metaphysics” (G.3.606/L.654–5). 

 
175 A very similar formulation is in Leibniz’s contemporary letter to Foucher, see A2.2.90. 
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 These passages have been used to show that, according to Leibniz, a certain physical reality 

is needed for the physical science, otherwise it would not be metaphysically grounded, and it must 

be metaphysically grounded, therefore, etc. However, these quotes can be read as a call for the 

logical foundations, meaning that physical science must be grounded in a principle (an identity) 

that will enable certain demonstrations; and that principle – the Equipollence principle – is by 

itself not a mathematical or geometrical claim,176 it is rather a metaphysical proposition.  

 This reading is a natural consequence of the development of Leibniz’s physical 

methodology. First, we saw that Leibniz tried to establish physics as a mixture of phoronomy and 

the hypothetical method but later abandoned that idea due to metaphysical and theological 

challenges (sections 4.1 and 4.2); however, the reformed idea of physics came mostly from the 

logical foundations, according to which, if physics was to be a demonstrative science, it needs to 

be grounded in the Equipollence principle (sections 5.1—5.3). Therefore, the most natural 

meaning of physics being grounded in metaphysics should be that physical demonstrations are 

grounded in the metaphysical identity of the full cause and entire effect.  

 For example, Leibniz will write to Guillaume de l’Hôpital in 1696 after presenting his 

estimation of force:  

 

“Sir, you will say that this is all too clear. However, it is the foundation of my dynamics 

and, at the same time, of all mathematical calculation or measurement; provided that I add 

here this one principle, that the entire effect is equipollent to its cause. […] And as the 

 
176 See our discussion in section 7.3. An additional investigation could determine how to read the fact that the axiom 
is metaphysical. For example, Antognazza has proposed that for Leibniz “physics proper is the study of natural 
phenomena in mathematical and mechanical terms without recourse for its explanations to metaphysical notions” 
(Antognazza 2017: 21). It might seem that our view falls short of this because physical science cannot do without the 
Equipollence Principle which is metaphysical. However, at least under one possible reading, what Leibniz means by 
saying that the Equipollence Principle is metaphysical is that it is not geometrical or algebraic but nevertheless 
rationally (sc. metaphysically) demonstrated, not that it employs some notions specific to metaphysics.  
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estimation is done by the repetition of the measure, there are two repetitions, one formal 

which I call congruence, when the same subject in which the force is found is repeated; the 

other virtual, which I call equipollence, when this formal repetition or congruence is not 

found in the subjects themselves which are compared, but in their full causes, or in their 

entire effects” (A3.6.618–619). 

 

Here Leibniz is explicitly referring to the foundation of his dynamics as the Equipollence principle. 

Later in the same letter Leibniz will explain that the Equipollence principle is the rational (sc. 

metaphysical) principle which serves the demonstrations in dynamics when the experimental and 

mathematical principles are not enough:  

 

“It is also evident that what I say about the sensible bodies is not at all founded on the 

experiences of collisions but on principles that give reason [rendent raison] for these 

experiences themselves; and they are capable of determining the case in which we have no 

more experience, nor laws; and all this comes only from the principle of the equality of the 

cause and the effect“ (A3.6.621).  

 

This is a clear case in which Leibniz is describing a metaphysical principle playing the 

foundational role in dynamics. Its foundational role is that it grounds the demonstrations where 

direct observations are not available. In other words, it is an a priori rational principle that grounds 

physical demonstrations.177 

 
177 Not everybody agrees that the Equipollence Principle is a necessary a priori statement. Duchesneau has argued for 
the contingency of this principle (Duchesneau 1993: 313-324) and Garber says that Leibniz has changed his mind on 
this (Garber 2009: 237). However, Leibniz seems to be claiming that it was necessary and a priori in several places 
between 1676 and 1692, see A8.2.135 and A6.5vor.N.2148. There is some support for this in the literature: “The last 
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 In the eight quotations above Leibniz seems to be presenting exactly the same position. In 

1) he explicitly refers to the metaphysical principles grounding physics: “the principles of 

mechanics and all physics are not mechanical […] but metaphysical” (A6.4.464). This is what is 

prescribed by the logical foundations, according to which, the metaphysical Equipollence principle 

grounds the physical calculus and the demonstrations employed in physics. This also seems to be 

the meaning behind 2), according to which, “the general principles [...] of mechanics itself are 

more metaphysical than geometrical” (A6.4.1559/AG.51–52), meaning that the Equipollence 

principle as the grounding axiom of mechanics is by itself not a geometrical proposition. This was 

indeed important for Leibniz, as we have seen, in rejecting his old conception of abstract study of 

motion and phoronomia elementalis. However, Leibniz emphasizes that although the Equipollence 

principle is a founding metaphysical principle, a physicist does not need to go into its grounding: 

“a physicist can explain some experiments, at times using previous simpler experiments and at 

times using geometric and mechanical demonstrations, without needing general considerations 

from another sphere” (A6.4. 1543-1544/AG.43).178 

 In 3) Leibniz is claiming that “laws of mechanics and force depend not only on 

mathematics but on certain metaphysical reasons” (A2.2.83) which, again, emphasizes the need of 

the Equipollence principle to ground the demonstration of the laws of motion employed in 

mechanics. It is clear from the physical methodology, that the laws could not be demonstrated 

without the metaphysical axiom: L is such that � !) ≏ � "), $ ⊢&' �. He claims the same in the 

other letter to Arnauld (4), namely, that “in the ultimate analysis the principles of physics and 

 
question that we extract from Leibniz’s Dynamics is whether there are a priori laws in physics. Surely, this is manifest 
already from the fact that the principle of sufficient reason contains the law of causality [sc. the Equipollence principle] 
as a particular instance and thus, without any doubt, Leibniz thinks that the law of causality in the domain of physics 
is an a priori law” (Martin 1966: 78). 
178 Cf. Antognazza: “For Leibniz, what is ultimately real is reached by metaphysics, not by physics. This is, however, 
a metaphysical rather than a physical claim as much in Leibniz’s time as it is in our time” (Antognazza 2017: 21). 
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mechanics themselves” (Leibniz an Arnauld, GP.II.78) are not enough – what is needed is a 

consideration of causes and forces, which, again, is enabled by the Equipollence principle.  

 In 5) Leibniz is clearly referring to the founding principles of physics: “physics cannot lack 

metaphysical principles” (A6.4.722). Reformed demonstrative physics indeed requires a 

metaphysical axiom to enable demonstrations and thus a proper physics (which is demonstrative) 

cannot lack metaphysical principles. In the same way Leibniz is referring to the “the source of 

mechanics” (A6.4.722) in 8), namely, the metaphysical principle (the Equipollence principle) is 

the source of demonstrations in mechanics.  

 Quotation 6) is a beautiful instance of Leibniz’s expression of the logical foundations: 

“mechanical principles and general laws of nature themselves arise from higher principles and 

cannot be explained by quantitative and geometrical considerations alone” (G.4.391–2/L.409–10). 

We have raised this point in section 7.3 by claiming that mere algebraic manipulation would not 

have demonstrative effect for Leibniz because demonstrations must be founded in an identity 

which in this case is the Equipollence principle. Thus, Leibniz is open about the fact that laws 

could not be demonstrated without the Equipollence principle as the foundation or the higher 

principle.  

 In 7) Leibniz is, again, making the same point: “having attempted to examine the very 

principles of mechanics [...], I perceived that considering extended mass alone was not sufficient, 

and that it was necessary, in addition, to make use of the notion of force” (GP.4.478/AG.139). 

Leibniz begins his argument by referring to the “principles of mechanics” (GP.4.478/AG.139) by 

which he means the laws of motion and collisions. Then he claims to have found that the laws 

cannot be sufficiently demonstrated by analyzing extension, that is, by employing purely 

geometric concepts. The consideration of causes and forces was also necessary. The latter is 
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enabled by the Equipollence principle which allows algebraically manipulating forces and 

demonstrating general physical propositions by reducing them to the foundational axiom. Without 

the metaphysical axiom principles of mechanics would not be sufficient. 

 Therefore, it seems that the passages that the two-world interpreters employ to establish 

that “the foundations of the mechanical philosophy require us to appeal to soul or form” (Garber 

2009: 49) can be read to require only the methodological grounding of the principles of physics in 

the founding metaphysical axiom of the Equipollence principle. They do not seem to require any 

particular physical reality to exist. Moreover, the methodological notion of founding is what is 

closer to Leibniz’s idea of the relation between sciences. The most natural reading of what it means 

for a Leibnizian science to be “grounded” is for its principles to be demonstrated; and the fact that 

sciences have “metaphysical foundations” means that their principles are demonstrated to a 

metaphysical rigor. 

 In De duplici via philosophandi (1692) Leibniz presents one of the clearest statements:  

 

“the principles of physics are constituted by both a priori metaphysical principles, and a 

posteriori observations; then conclusions are drawn from the principles with the help of 

the calculus [Mathesis]. For example, after the nature of forces is properly explained from 

metaphysical principles, it is then shown by the calculus that the center of gravity of 

colliding bodies progresses equally“ (A6.5vor.N.2148).  

 

In other words, metaphysics establishes the Equipollence principle (which is a metaphysical 

proposition) and physics then draws conclusions from it by using the calculus or Mathesis. Leibniz 

provides explicitly the example of how forces are quantified through the common center of gravity. 
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This is exactly what happened in the De corporum concursu (sections 7.1—7.3). This seems to be 

the proper sense in which Leibniz considers physics to be grounded in metaphysics. 

 Moreover, any search for the foundations of a science must aim at some proposition of that 

science. Otherwise there would be no way in which that foundation grounds any of the truths of a 

particular science. Now, as Leibniz explains, “propositions of any science are either principles or 

conclusions. Principles are either definitions, or axioms, or hypotheses, or phenomena“ 

(A6.4.341).179 Certainly, a foundation of a science is trivially its own conclusion since in most 

deduction systems �e f �	�I�OF HI g, Hℎ	� g ⊢ f. But for that to be true, the foundation must 

already be the principle of that system. Therefore, any foundation must be a principle. According 

to Leibniz’s enumeration, principles can be definitions, axioms, hypotheses, and phenomena. Out 

of these, foundations cannot be definitions because definitions are arbitrary: “definitions by 

themselves are arbitrary but must be accommodated and proved by the common consensus of the 

fellow scholars“ (A6.4.341). They also cannot be hypotheses because hypotheses are themselves 

undemonstrated, so they cannot ground other demonstrations: “hypotheses are propositions that 

are very useful […]; but we cannot yet sufficiently demonstrate them, thus they are assumed in the 

meantime“ (A6.4.341). Phenomena and observations certainly are important for the physical 

science and they contribute to physical demonstrations but, as even two-world interpreters would 

agree, the foundations must be metaphysical and rational, not simply observable. Hence by 

exhaustion the only type of scientific proposition that could be a metaphysical foundation must be 

an axiom. 

 Unsurprisingly, when drawing out the plan for the scientia generalis in 1679 Leibniz 

dedicates the whole second book (out of three) to mechanics and claims: “Book II: Mechanics, in 

 
179 For a commentary on the classification of definitions, axioms, and hypotheses see Duchesneau (1993: 25-26). 
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which assuming a single principle it is shown how all mechanical problems can be reduced to pure 

geometry and how laws of motion confirmed by experience can be <exactly> demonstrated a 

priori“ (A6.4.361). Leibniz seems to be suggesting that in mechanics it is possible to demonstrate 

all laws of motion only with the assumption of one principle. That principle itself, supposedly, is 

not geometrical or mathematical. So, it would be a good candidate to be the foundational axiom. 

Keeping in mind that this was written almost contemporaneously with the De corporum concursu, 

we might clearly guess that this foundation was the Equipollence principle. Again, like Leibniz 

will write to l’Hôpital: “It is also evident that what I say about the sensible bodies is not at all 

founded on the experiences of collisions but on principles that give reason [rendent raison] for 

these experiences themselves; […] and all this comes only from the principle of the equality of the 

cause and the effect“ (A3.6.621).  

 In another plan for the scientia generalis from 1679 Leibniz is even more explicit: “[Book] 

III: Mechanics, […] the true elements of this science that in our current knowledge quite broadly 

follow from the single principle of true metaphysics are demonstrated in such a way, that all of the 

problems that physics has had so far can be reduced to pure geometry“ (A6.4.363). Leibniz is here 

openly claiming that the foundation that will ground the elements of physics is “the single principle 

of true metaphysics” (A6.4.363), i.e. that the founding principle is, in fact, metaphysical. So, 

whatever the foundation of physics is, it must be an axiom and must be metaphysical. The 

Equipollence principle is both of these things. In this sense, Leibniz calls it the main axiom of 

physics: “there are three primary axioms: in mathematics, that the whole is equal to all parts. In 

physics, that the entire effect is equipollent to the full cause. In civic science, that the world is the 

best republic or that everything in the world happens in the best way” (A6.3.427). Also, according 

to Leibniz’s idea of demonstration as reduction to identities, axioms must be identities: “Thus, true 
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and indemonstrable axioms are identical propositions” (A6.3.435). In sections 5.1—5.3 we have 

shown how the Equipollence principle can indeed be understood as an identity. 

 Therefore, in Leibniz’s view, physics is grounded in metaphysics as a science because 

physics uses a metaphysical axiom to ground its demonstrations. This meaning of foundations is 

engraved in Leibniz’s broader view in which scientific propositions are structured. The idea of 

sciences taking up principles from other sciences has a long tradition. For example, Aquinas states 

on multiple occasions that two sciences are subalternate to each other if one borrows principles 

from the other.180 This is also found in Aristotle’s Posterior Analytics.181 Leibniz certainly studied 

the doctrine of subalternation. For example, he summarized it in his careful reading of Wilkins: “it 

is said that a science is subalternate to another when its certainty depends on it. That on which it 

depends can be called the support or foundation“ (A6.4.37). Moreover, Leibniz has employed the 

doctrine of subalternation himself:  

 

“With respect to the principles of discovery of the sciences, it is important to consider that 

every science usually somewhat depends on propositions that are either observations from 

experience, or views of the mind, that have provided the occasion and the way of discovery; 

 
180 The clearest statement of Aquinas’ position is from his Commentary on the Sentences: “Lower sciences, which are 
subalternated to the higher, do not proceed from self-evident principles, but presuppose conclusions proved in the 
higher sciences and use them as principles though in truth they are not self-evident, but are proved in the higher science 
from self-evident principles. Thus, perspective, which is concerned with the visual line, is subalternated to geometry 
from which it presupposes truths proved of the line as line. From them, as it were from principles, it proves conclusions 
about the line insofar as it is visual.” (Aquinas, Prologue, q. 1 a. 3 qc. 2 ad 1). There are similar statements in Aquinas’ 
Commentary on the Posterior Analytics (Lectio 25) and On Boethius’ De trinitate, 21-22. 
181 E.g. “The reason why [sc. propter quid in the Thomist interpretation] differs from the fact [sc. quia in the Thomist 
interpretation] in another fashion, when each is considered by means of a different science. And such are those which 
are related to each other in such a way that the one is under the other, e.g. optics to geometry, and mechanics to solid 
geometry, and harmonics to arithmetic, and star-gazing to astronomy. Some of these sciences bear almost the same 
name—e.g. mathematical and nautical astronomy, and mathematical and acoustical harmonics. For here it is for the 
empirical scientists to know the fact and for the mathematical to know the reason why; for the latter have the 
demonstrations of the explanations, and often they do not know the fact, just as those who consider the universal often 
do not know some of the particulars through lack of observation.” (Aristotle, Post.Anal.78b34-79a7).  
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[…] and usually the precepts of a higher science that are supposed as already known are 

added to them; that higher science sometimes is the general science or the art of discovery, 

and sometimes some other science, and this one in question is the subalternate“ (A6.4.708).  

 

Leibniz even endorsed the canonical Thomist example of subalternation between music and 

arithmetic: “Music is subalternate to arithmetic“ (A6.4.709). Thus, Leibniz was familiar with the 

traditional idea of sciences being grounded in other sciences in virtue of using their principles as 

foundations. But in his demonstrative encyclopedia, this doctrine gained a new vision because of 

the logical calculus and theory of demonstration as reduction to identities. So, it appears that in his 

logical foundations of physics Leibniz is again synthesizing the tradition with a modern approach 

– something which was characteristic of him in general.182 

 Physics uses a proposition of the higher science – metaphysics – as its axiom. The 

Equipollence principle being the metaphysical axiom on which the physical calculus, or mathesis 

is grounded is an outcome of Leibniz’s logical foundations of physics and his physical 

methodology in general. Couturat has observed that the characteristica universalis orders the 

sciences for Leibniz: “The characteristic, on the other hand, appears indispensable to the 

establishment of the encyclopedia, for it serves to determine the logical connection of scientific 

truths and even the hierarchical order of the sciences” (Couturat 1901: 80, tr. Rutherford). In 

Leibniz’s own words: “By this method of characteristic the order of the sciences to be treated will 

also become apparent” (A6.4.919; cf. A6.4.265). In the reformed physics, it became apparent to 

 
182 Cf. Antognazza: “In opting to combine the best of old and new, Leibniz was in fact adopting a position already 
being developed especially by the so-called novantiqui in the Dutch universities and on the western border of Germany 
by Johannes Clauberg. Whether or not, as he later claimed, Leibniz’s own synthetic approach was arrived at 
independent of Clauberg, it was clearly rooted in the intellectual methods which they shared and was essentially 
independent of his formal education” (Antognazza 2009: 55).  
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Leibniz that physical demonstrations are logically grounded in the metaphysical equipollence 

relation between full cause and entire effect. However, these foundations concern the way that 

physical truths are demonstrated rather than whether or not mechanical entities have an ontological 

status.  

 Whereas Couturat has attributed a completely deductive model of the physical science to 

Leibniz,183 Duchesneau has rightly emphasized the complexity of applying the characteristica 

universalis to particular sciences. Part of that complexity is accounting for empirical observations; 

the other has to do with architectonic principles. However, Duchesneau does agree that the order 

of sciences in the encyclopedia depends on the order of demonstration of the scientific 

propositions:  

 

“Nevertheless, such combinatorial syntheses which [...] fulfil the need to accommodate the 

intelligibility of complex phenomena in their diverse orders must be built in such a way 

that we could capture their elements and levels in a demonstrative manner. From this point 

of view, the science must present itself as a vast set of knowledge which is actually or 

potentially deductive. And the disciplines that fall within the mathesis must provide the 

instruments of this argumentative structure throughout the encyclopedic system of the 

sciences. The possibility to assimilate the empirical science of phenomena to the 

demonstrative structure under the aegis of mathesis universalis is one of the critical 

objectives of this encyclopedic vision” (Duchesneau 1993: 37–38).  

 

 
183 “Thus, the natural sciences must be constituted according to the same deductive model as the rational sciences; [...] 
[T]he search for the laws of nature is carried out according to the same method as the search for the solution to a 
geometrical problem” (Couturat 1901: 265, tr. Rutherford). See our discussion in section 5.3. 
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This summary provides an accurate description of the whole direction that Leibniz’s physical 

methodology has taken since the beginning of the reform. Having abandoned his early 

methodology Leibniz sought to find the foundations of a demonstrative physics that would capture 

different levels of certainty within it. He has developed an elaborate scientific methodology based 

on his formal tools (such as his theory of demonstration and substitution salva quantitate). He has 

placed the foundation of the demonstrative physics in the Equipollence principle because it was 

exactly the instrument that would allow subjecting physics to the demonstrative treatment of the 

encyclopedia. The Equipollence principle, however, was not a geometrical or algebraic 

proposition, it was a metaphysical statement. Thus, Leibniz has called it the metaphysical 

foundation of physics. It is a foundation of physics because it enables demonstrations concerning 

causes and forces in the physical calculus. This seems to be the proper sense in which Leibniz 

conceived of foundations of sciences overall. 

 This conclusion intervenes in the ongoing discussion between the one-world and the two-

world interpretations. One of the characteristic claims of the two-world interpretation is that 

physical science implies a certain kind of reality. This claim taken together with Leibniz’s appeals 

to the metaphysical foundations of physics inspires controversies about how that supposed 

physical reality must be grounded in the metaphysical reality. As Garber has worried in his seminal 

paper: “But what status could the science of physics possibly have for a philosopher who, like 

Leibniz, seems to hold a metaphysics so distant from our common-sense conceptions of the world 

of physics?” (Garber 1985: 27). The one-world interpretation does not think that physical science 

implies any kind of physical reality. Instead of understanding the metaphysical foundations of 

physics as an ontological question, it must consider it as a methodological one, i.e. as the grounding 

relation between two sciences. Considered in this way, as we have done in the current section, 
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physical demonstrations are founded in metaphysical demonstrations through the instruments of 

the characteristica universalis. This is manifest from the development of Leibniz’s reformed 

physics, from its logical foundations, from his general project of the characteristica universalis, 

from the tradition that he was engaged in, and the secondary literature on Leibniz’s view on the 

structure and order of sciences. Our contribution to this was to conceptualize the role of the logic 

of demonstration in the physical calculus and understanding the founding axiom of physics – the 

Equipollence principle – as an identical statement. 

 The very last caveat to emphasize is that this methodological conception of foundations 

should in no way distract from the meaningful discussions about Leibniz’s ontology. The one-

world view which we have been advocating only touches upon the relation between physics and 

metaphysics. It does not by itself imply any kind of ontology or a particular one-world. This 

conception of foundations is compatible with the idealist, phenomenalist, hylomorphic, 

animalistic, perfectionist, and many other interpretations of Leibniz’s metaphysics and the 

corporeal substance. Far from undercutting this discussion, it should invigorate it by removing the 

unnecessary constraints imposed by the reality “required” by physical science. Yet the question of 

what are the basic substances, distinctions, and relations for Leibniz remains completely open with 

respect to the logical foundations of physics described in this work. 
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9. Conclusion 

 

 The discussion of Leibniz’s foundations of physics suffers from an ambiguity. The 

ambiguity is in the notion of the “foundations.” The metaphysical foundations of physical reality 

do not coincide with the metaphysical foundations of physical science. For example, the fact that 

the reality of corporeal substances is grounded in the existence of substantial forms does not make 

it the foundation of physical science. More than that, Leibniz forbids to appeal to substantial forms 

in concrete physical demonstrations.184 Likewise, the foundations of the physical calculus are not 

the foundations of the reality of bodies. 

 Scholarship dedicated to the metaphysical foundations of physics often analyzes the 

foundations of physical reality. It is an important subject in Leibnizian metaphysics but it does not 

automatically translate into the foundations of physical science. The metaphysical notions of 

“substantial form,” “unity,” “simplicity,” and “activity” have all been taken to be foundational for 

Leibniz’s physics. As a consequence, it is widely accepted that Leibniz’s physics implies a certain 

metaphysical framework. 

 However, we have seen that the development of Leibniz’s reformed mechanics was 

motivated by the need to find the demonstrative foundations for physics, i.e. to find a more certain 

way to demonstrate physical truths. Leibniz’s early physical system of 1669-1672 was split into 

the abstract and concrete parts that were brought into coherence by a unifying hypothesis. In the 

late Parisian years, around 1674-76 Leibniz rejected this strategy and launched himself into the 

search for more certain foundations of physics, the foundations that would make physics a 

demonstrative science. 

 
184 Leibniz expresses this view in the Discours de métaphysique: “the consideration of [substantial] forms serves no 
purpose in the details of physics and must not be used to explain particular phenomena” (A6.4.1543/AG.49). 
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 A major step in that direction was figuring out how to apply the calculus of demonstrations 

to physical matters. Around the same time, in 1674-1679, Leibniz developed his theory of 

demonstration as a reduction to identities and applied it to mathematics and geometry. A central 

element in the theory of demonstration was the Principle of substitution – we demonstrate 

propositions by showing that substituting their terms we can arrive either at a formal identity or a 

contradiction. But the Principle of substitution has to be enabled by another principle which makes 

explicit what can be substituted for what in a particular science. 

 For example, in pure logical calculus, terms can be substituted if they coincide. The relation 

of coincidence is thus the grounding relation of substituitivity in pure logical calculus. In 

mathematics, we can substitute the terms that are equal and the founding relation is equality. In 

geometry, it is congruence. Physics is another quantitative science that Leibniz always included in 

his demonstrative project. Thus, it should be subject to the same formal treatment as logic, 

mathematics, and geometry. 

 And it was. In the physical calculus, equipollent forces can be substituted for each other. 

This is the principle that grounds the physical calculus. In Leibniz’s words: “it is the foundation 

of my dynamics and, at the same time, of all mathematical calculation or measurement; provided 

that I add here this one principle, that the entire effect is equipollent to its cause” (A3.6.618). The 

Equipollence principle enables both the calculation of forces and the demonstration of physical 

propositions. As Knobloch has pointed out, “Leibniz identified analyticity with calculability” 

(Knobloch 2015: 108), so every calculus requires an analytical Principle of substitution but, 

furthermore, calculability also implies demonstrability because demonstration is conceived as a 

reduction to identities via the substitution of terms. 
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 More generally, Leibniz held that sciences consist of propositions (definitions, axioms, 

theorems, hypotheses, etc.), so a foundation must take part in grounding or demonstrating these 

propositions, i.e. it must be axiomatic. The foundations of any science have to be part of the 

demonstration of scientific truths. If the foundations have no demonstrative role, then they cannot 

ground or found the science in question. In other words, foundations are axioms. Leibniz is explicit 

on what he counts as the main axiom of physics: “there are three primary axioms: in mathematics, 

that the whole is equal to all parts. In physics, that the entire effect is equipollent to the full cause. 

In civic science, that the world is the best republic or that everything in the world happens in the 

best way” (A6.3.427). 

 So, the Equipollence principle is the true foundation of physics as a science because it 

enables the physical calculus. Leibniz does say that it is a metaphysical principle but the meaning 

of “metaphysical” is akin to that of “rational,” meaning that it has the certainty of a metaphysical 

principle but not that it comes from some particular ontology. No particular ontology 

(phenomenalist, realist, idealist, animalist, hylomorphic, Neoplatonic, or other) can be derived 

from the foundations of physical science. 

 This is good news for those interested in Leibniz’s metaphysics. The metaphysical 

discussions do not have to have an accord with the foundations of physical science. The questions 

about the foundations of mater, corporeal substance, and physical reality in general have little to 

do with physical science. Leibniz has himself noted how useful this division is:  

 

“a physicist can explain some experiments, at times using previous simpler experiments 

and at times using geometric and mechanical demonstrations, without needing general 
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considerations185 from another sphere. And if he uses God’s concourse, or else a soul, 

animating force [archie], or something else of this nature, he is raving just as much as the 

person who, in the course of an important practical deliberation, enters into a lofty 

discussion concerning the nature of destiny and the nature of our freedom” 

(A6.4.1543/AG.43). 

 

 Getting back to the initial ambiguity, we might add that there is no need for the physicist 

to worry about the foundations of physical reality. This question will be sorted out independently 

from physical science. If a physicist cares about physical science, she should worry about the 

physical calculus and the demonstration of physical propositions. This autonomy will give freedom 

and efficiency to both physics and metaphysics. As Antognazza has pointed out, this division of 

the sciences was very important for the development of modern science:  

 

“On the one hand, [Leibniz] fully embraces the new mathematically based science, or (as 

it was still called) “philosophy of nature”, for the explanation of natural phenomena. On 

the other hand, he maintains that the new mechanical physics does not answer more 

fundamental questions about the ultimate principles of reality. A further level of 

explanation is needed in order to account properly for the features of the physical world of 

which we have experience. According to him, in physical notions there are implicit 

principles which cannot be reduced to extension and motion. There must be in bodies a 

principle of unity and activity. The metaphysical notions expressing such a principle, 

however, should not enter into the explanations of physics proper, since physics proper is 

 
185 An earlier draft explained: “[considerations of substantial forms],” AG.43n79. 
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only concerned with the mathematical treatment of natural phenomena which can and 

should be explained mechanically” (Antognazza 2017: 27). 

 

Antognazza captures well the relationship between the foundations of physical reality and 

foundations of physical science. They are distinct and we cannot make inference from one to the 

other. 

 However, what applies to the foundations of physical science cannot be said to apply to 

physics tout court. The methodology of physics is complex because it involves not only the 

foundations that enable the calculus (which have been our object of study) but also laws that 

depend on the constitution of the present world. As Leibniz says in the De corporum concursu, 

“In our system of the world it is necessary that the momentum is squared speed because the effect 

is the height to which the body can raise itself; also, the heights are proportional to the squares of 

speeds. Perhaps in another system of the world, where the speeds would have different relation to 

heights, we would have a different estimation of force” (A8.3.379vor/F.134). Thus, the laws of 

physics depend not only on the calculus but also on the physical constants in a particular world. 

As a consequence, physics must also have an experimental part which falls out of the range of the 

logical foundations. A full account of Leibniz’s methodology would have to include the discussion 

of experimentation and probability. 

 Another important issue that is not covered by the logical foundations is the application of 

architectonic principles in physical science. Although Antognazza is right that metaphysical 

notions like the “substantial form” have no role to play in physical explanations, there are optimal 

or architectonic principles that do play a role in physics. This comes out most clearly in Leibniz’s 

later works, e.g. in the Tentamen Anagogicum (1696) he writes: “in corporeal nature itself, there 
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are, so to speak, two reigns which penetrate one another without confusing themselves and 

hindering one another: the reign of power, according to which everything can be explained 

mechanically by efficient causes […]; and also the reign of wisdom, according to which everything 

can be explained, so to speak, architectonically by final causes” (GP.7.273). The role of the 

architectonic explanations in Leibnizian physics would deserve another addition to the logical 

foundations discussed here. 

 However, it is clear that without the physical calculus and the logical foundations of 

physical science both of these methodological parts would be insufficient. Demonstrability and 

calculability stand at the core of Leibniz’s physics, and of his project of demonstrative 

encyclopedia in general. Scholars of Leibniz’s logic (like Couturat, Knecht, Fichant, Duchesneau, 

Rabouin, De Risi, et al.) have long intuited that Leibniz’s physics must be subject to formal logical 

treatment of the characteristica universalis. Our chronological study of his physical and logical 

works confirms this intuition – Leibniz conceived his reformed mechanics as a demonstrative 

science based on the logical foundations of calculability and demonstrability. Yet the details of 

how to apply the logical foundations to physics have not been clear enough. 

 For one, if demonstration is conceived as a reduction to identities, the Equipollence 

principle, which is the main axiom of physics, has to be an identity. But causes and effects as 

particular events are not identical. They are not coincident notions. We have argued at length that 

the Equipollence principle must be understood as a quantified identity that says that the forces of 

the full cause and the entire effect have to be equal. In Leibniz’s words, “[cause and effect] come 

together in the fact that both the cause and effect have the same force, that is the same capacity to 

produce another effect, and they differ only in applications and situation” (A8.2.136). The 

implication of this is that what is identical, according to the Equipollence principle, is the force of 



9. Conclusion 

203 

causal events. Force, like speed or size, for Leibniz is a philosophical abstract, i.e. a concept that 

is abstracted from particular instances which are in some way similar (in this case, they are similar 

in having force). Thus, according to the logical foundations, Leibniz’s physics actually studies 

something abstract, not concrete. 

 This has implications for Leibniz’s understanding of causation. In his metaphysics, 

causation is closely related to the notion of agency and the concrete actions of the monads. 

However, physics requires the notion of causation that is more abstract and only deals with the 

quantified force of events. The implication of this is that force as an abstract quantity can be 

manipulated within the physical calculus. It can be substituted for other equal forces, whereas 

concrete actions of individuals could not be subjected to calculus.  

 It appears that Leibniz has embraced different notions of causation in physics and 

metaphysics. However, we should again keep in mind that the foundations of the physical calculus 

are not the same as the foundations of physical reality. Metaphysics correctly endorses agent 

causation, and actiones sunt suppositorum. However, physical science requires a different 

methodology to produce a physical calculus. This does not have to be seen as a contradiction 

because first and foremost physics and metaphysics are two methodologically distinct sciences 

and not two different realities that are in conflict. 
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