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The Universality of Scientific Knowledge:  
Islamicate Philosophy and Science in the Latin Middle Ages 

 
Universidad de Córdoba 

Winter semester 2021 
 

Lecturer: Nicola Polloni 
nicola.polloni@kuleuven.be 

 
1. Office hours and contact information 
Students are expected to contact me to arrange an individual remote meeting at least once during the 
first month of the course. For small, practical questions, students can write an email. I usually reply 
within 48 hours from the reception of the email. Although this is not generally the case, if no reply is 
received, students are suggested to contact me again, as their previous email might have been 
processed as spam. For bigger, content-related questions, students are encouraged to arrange for a 
remote meeting. The same is suggested also in relation to assignments and problems with specific 
aspects of the course. My email address is the following: nicola.polloni@kuleuven.be.  
 
2. Course description 
The course will allow student to explore the multicultural nature of Latin philosophy and science in 
the later Middle Ages, particularly on how the Islamicate tradition shaped central aspects of the Latin 
medieval debate. We will focus our attention on a specific theory, hylomorphism, whose development 
in the Latinate tradition has been greatly influenced by Islamicate philosophers. A series of 
masterclasses on how knowledge was produced and circulated in the Middle Ages will provide the 
students with the coordinates to navigate the main theoretical aspects of the course. These sets of 
problems and theories will be engaged by: 

1. a set of backward-designed activities, such as classroom debates and discussion of case-studies 
2. a series of lectures commenting on the primary sources 
3. a series of masterclasses given by international invited lecturers 

This hands-on approach to medieval philosophy and science will allow students to independently 
engage with the main theories discussed by medieval practitioners of metaphysics, natural philosophy, 
and science, and appreciate the cross-cultural context in which these theories were debated. Upon 
completion of the course, students will have acquired a better critical approach to independently read 
and understand philosophical and scientific texts in their historical context, as well as have nurtured a 
personal way to creatively transform and adapt their acquired knowledge to new situations and 
contexts, on and off campus. 
 
3. Goals and learning outcomes 
By attending the course and actively participating in its discussions, students will attain the following 
learning goals: 
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a. Students will understand the main tenets of the medieval philosophical debate appreciating its 
cross-cultural roots. 

b. Students will learn how to engage critically with case studies and medieval philosophical texts. 
c. Students will develop a set of skills through the analysis of arguments in favour and against 

philosophical stances, enabling them to identify explicit and implicit patterns characterising a 
philosophical discussion in the Middle Ages. 

d. Students will improve their critical thinking especially in consideration of the contemporary 
cultural debate and its connections to the history of ideas. 

 
4. Course materials and readings 
The course will use a diverse set of materials, as follows: 
 

a. A selection of primary texts in translations, which will be used for classroom discussions, 
individual study, and to write the final essay. Primary texts correspond to the most important 
reading material of the course. Students are expected to read them carefully, questioning the 
texts through the learning they will be acquiring during classroom activities and by consulting 
other course materials. The texts are available on the Moodle platform. The four primary 
sources are: 

• Thomas Aquinas, Principles of Nature (chapters 1 and 2) 

• Geoffrey of Aspall, Questions on Aristotle’s Physics (excerpts) 

• Albert the Great, Booklet on Alchemy (excerpts) 

• Roger Bacon, The Multiplication of Species (bk. 1, chapter 1) 
 

b. Primary texts are complemented by the reading of a selection of secondary sources. The 
studies are available on the Moodle platform. They are the following: 

• Robert Pasnau, Metaphysical Themes 1274-1671. Oxford: Oxford University Press, 2011. 
Chapters: Part I ("Matter"), chapters 2-4; Part II ("Substance"), chapters 6-7. 
 

• David C. Lindberg and Michael H. Shank (eds.), The Cambridge History of Science. Volume 
2: Medieval Science. Cambridge: Cambridge University Press, 2013. Chapters: 14 
("Translation and Transmission"), 16 ("Medieval Alchemy"), and 18 ("Cosmology") 

 
 

c. Students are also suggested to consult the following, non-mandatory studies: 
• Dag N. Hasse, Avicenna's De Anima in the Latin West: The Formation of a Peripatetic 

Philosophy of the Soul 1160-1300. London: The Warburg Institute, 2000. Chapters: II.4 
("Estimation and Intentions"); II.6 ("The Intellect"). 
 

• Robert Pasnau, Metaphysical Themes 1274-1671. Oxford: Oxford University Press, 2011. 
Chapters: Part IV ("Extension"), chapters 14-15. 
 

• Nicola Polloni, The Twelfth-Century Renewal of Latin Metaphysics: Gundissalinus’s Ontology of 
Matter and Form. Toronto: PIMS, 2020. 
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5. Course policies 
The course has been designed for both in-presence and remote attendance. For in-presence students, 
the course will follow an active-learning approach which includes multiple means of engagement with 
the discussed topics (lectures, debates, classroom discussions, etc.). Students are expected to be aware 
that they are the main characters of their learning journey. Remote students will be asked to critically 
engage with the material. Additional texts (secondary bibliography) may be very helpful to help them 
to navigate the course materials. Remote students are encouraged to contact me to have some guidance 
about specific secondary texts tailored on their individual learning path. 

The final assignment will ask the students to engage directly with the topics discussed in the course 
by writing a short essay. Please, notice the following difference among enrolled students: 

 
Student attending class in person Students attending the course remotely 

(A) One essay on a topic of their choice among 
those discussed in class. 

(A) One essay on a topic of their choice among 
those discussed in class. 

+ 
(B) One essay commenting one of the four texts 
examined during the course. 

 
The topic of essay A can be one of the four case-studies we have examined, one of the themes analysed 
in the masterclasses, or any other topic discussed during the lectures. For students attending remotely, 
an additional essay (essay B) is requested and must examine one of the four texts analysed during the 
course. Both in-person and remote students will have to contact me promptly to assess the feasibility 
of the essay concerning their selected topic and have suggestions about bibliography. Evaluation of 
the essay will reflect the student’s ability to apply creatively the knowledge acquired during the course. 
Assignment and grading have been designed to assess the student’s capacity of synthesis, application, 
and creation of new knowledge from the cognitive gains acquired by attending the course. Submission 
deadline: 31 January 2021.  

Throughout the course and especially while working on their assignments, students should always 
remember the honour code of the university. Hostile, non-inclusive behaviours of any forms and 
directed toward any attendees will not be tolerated, either in the classroom or off-campus. Essays will 
be checked through the university anti-plagiarism system to detect any infringement of the honour 
code. Plagiarise is ineffective – and senseless, too! 

 
6. Learning toolbox 
Students should engage actively with the topics discussed during the course. They are strongly 
encouraged to take notes during both lectures and debates. They are also suggested to read the primary 
related to each session before attending each class to have a better idea of the overall discussion. 
Primary texts should be read with a critical attitude focused on:  
 

1. The author’s claims. 
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2. The arguments elaborated to justify those claims. 

3. The possible objections to those arguments. 

Doctrines expounded by primary texts should be engaged through questioning to facilitate the 
students’ critical thinking of the medieval philosophical debate. From this point of view, study groups 
are strongly encouraged, as they are extremely effective means to questioning both the historical text 
and its philosophical implications. 
 
7. Learning resources 
Students are encouraged to consult a wider set of resources to improve their learning process. Among 
the great number of available resources, I suggest the following: 
 

• Stanford Encyclopaedia of Philosophy, encyclopaedia (https://plato.stanford.edu/) 

• History of Philosophy Without any Gaps, podcast (https://historyofphilosophy.net/) 

• JSTOR, article database (https://www.jstor.org/) 

• Regesta Imperii, books database (http://www.regesta-imperii.de/) 

Students can contact me via email or during office hours to have additional suggestions and feedbacks. 
 
8. Course schedule 
The course is structured into 4 classes. Each class will focus on specific topics but through an 
interleaving approach.  
 

23 October 2021 

9.00-9.30 INTRODUCTION to the course and its assignments 

9.45-10.30 LECTURE: Philosophy and Science in the Middle Ages 

10.45-11.45 LECTURE: Hylomorphism: form and matter, lights and shadows 

12.00-12.45 WORKSHOP: Thomas Aquinas, Principles of Nature 

 

30 October 2021 

9.00-9.45 LECTURE: The structure of the universe: heavens and earth, living and non-living beings 

10.00-10.45 WORKSHOP: Geoffrey of Aspall, Questions on Physics 

11.00-12.00 MASTERCLASS: Zita Toth (Leuven), The One and the Many: Aquinas on the Mixture of the 
Elements 

12.15-12.45 GENERAL DISCUSSION 
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6 November 2021 

9.00-10.00 MASTERCLASS: Grégory Clesse (Louvain), Structuring Matter in Medieval Medicine: 
Milestones in the Study of Physiology 

10.15-11.00 WORKSHOP: Albert the Great, Libellus de alchemiae 

11.15-12.15 MASTERCLASS: Vincenzo Carlotta (Bologna), Narratives of Cross-Cultural Exchange in 
the History of Alchemy 

12.15-12.45 GENERAL DISCUSSION 

 

13 November 2021 

9.00-10.00 MASTERCLASS: Elena Baltuta (Tel Hai), Is Intentionality Medieval? 

10.15-11.00 WORKSHOP: Roger Bacon, De multiplicatione specierum 

11.15-12.00 MASTERCLASS: Mattia Cipriani (FU Berlin), Of Mice, Trouts and Eagle-owls: A Foretaste 
of Medieval Zoology 

12.15-12.45 GENERAL DISCUSSION 
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predica tion can be  taken in a  proper sense>, and in a ffirmative  propos itions  a 
proper predica tion is  when there  is  an agreement in suppos it and a diffe rence  
in form, for example when a superior is  predicated of its  infe rior; thus , not 
only an agreement in suppos it but a lso a diffe rence in form is required for 
proper predica tion. But the truth of a propos ition only depends on an 
agreement in suppos it. Therefore , while it is true tha t man and white thing 
be long to diffe rent genera , and tha t man and ass be long to the same genus , 
none the less , s ince man and white thing agree  in suppos it, whereas man and 
ass do not, it follows tha t the predica tion ca  man is  a  white  thing’ is  true , but 
the predica tion ‘a man is  an ass’ is  fa lse . Thus , ‘man is  an animal’ is  a  proper 
predica tion because  the  predica te  and the  subject agree  in suppos it, and hence 
the propos ition is true , and because ‘animal’ a lso expresses  the form of an 
animal other than man, so tha t there  is  a  diffe rence in form. In this  kind of 
predica tion it is  necessary for the predica te  to express  a  form not in virtue  of 
the suppos it in which the  subject and the  predica te  agree , but in virtue of the 
form in which they differ. Therefore , it is  clea r in which kind of predica tion it 
is necessary for the predica te to express  a form and in which kind it is not 
necessary, and it is  clea r tha t it is  not necessary in the  predication ‘matter is  a  
subs tance’.

20. Some people  have  s till another view, namely tha t saying tha t a  predica te  
expresses  a  form is  to say nothing other than tha t a  predica te  has  the  mode of 
a form, because  jus t as  a  form is  what is  noble r and is  what supervenes  las t, a 
predica te  is  noble r than the  subject and supervenes  las t. These  people  say tha t 
it is  not necessary for the predicate  to express  a  form except in the  sense tha t 
it has the mode of a form. The same applies  to the propos ition ‘matte r is  a  
subs tance’. Moreover, they mainta in tha t to say tha t the predica te  is  a form 
and tha t it in-forms the  subject is  nothing other than a  mode of speaking.

!

<Question 49>
The  e ighth ques tion is  whether prime matte r can be 

unders tood by the  poss ible  inte llect.

1. Arguments  for the  negative : in On the  S oul III Aris totle  says tha t jus t as 
things  a re  separable , so they a re  in the  inte llect,391 tha t is , our inte llect does  not 
unders tand except by abs traction; therefore , what cannot be abs tracted 
cannot be  unders tood. But prime matte r cannot be  abs tracted; therefore , <it 
cannot be unders tood>. Proof of the minor premise : nothing is abs tracted 
from itse lf; but there is  nothing diffe rent from matte r from which matte r can 
be  abs tracted; there fore , <matte r cannot be  abs tracted>.

>;

3,1 Aris t. De  anima III.8,431b24-25.

:
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2. Furthermore , the less matte r and the more form something has , the  
more it is  inte lligible , and the more  matte r and the less form something has , 
the  less  it is  inte lligible ; there fore , what is  tota lly matter is  in no way inte lligible .

3. Furthermore , something is  s ingula r as  long as  it is  sensed, and universal 
as long as it is  unders tood, as  Aris totle  says ;392 but matte r is  ne ither universal 
nor s ingula r. The reason for this  is  tha t everything tha t is  e ither universa l or 
s ingula r is  a form or has  a  form; but prime matte r ne ither is  a  form nor has  a 
form; there fore , <prime  matte r is  ne ither universa l nor s ingula rs

4. Furthermore , in the chapter on imagina tion Aris totle <says>: “We 
unders tand when we  will”,393 but “we do not sense  when we  will”.394 According 
to Aris totle , the  reason for this  is  tha t an inte lligible  thing is  a lways  present to 
the  inte llect in the  way tha t something apprehens ible  <is  present> to the  thing 
tha t apprehends , whereas  a sens ible  thing is  not a lways  present to the  senses . 
But prime matte r is  not present to the inte llect as something apprehensible , 
because , if this  were the  case , prime matte r would be in the inte llect e ither as 
a thing or as  a  species or through some effect. But prime matter is  not in the 
inte llect as a thing; for nobody says tha t the matte r of a thing extends itse lf 
outs ide  the  thing whose  matte r it is  up to the  inte llect in order to be  unders tood. 
Nor is  prime matte r present through its  species , because nothing produces  a  
species except a  form or something having a form. Nor is  it present through 
an effect, because then matte r would produce something, and so it would 
coincide with the form, the end and the efficient cause , which Aris totle  
denies .395

5. Furthermore , a s ingula r is only inte lligible in its universa l, and this  
because it is  joined to matte r; there fore , if be ing joined to matter prevents a  
s ingula r from being unders tood, then what is tota lly matter will not be 
unders tood.

6. Furthermore , in the  chapte r on imagina tion Aris totle  says : “Nothing is  
unders tood other than what firs t produces a  phantasm”;396 but prime matte r 
does  not produce a phantasm; there fore , <prime matte r is  not unders tood>. 
Proof of the minor premise : only the thing which produces a species in the 
senses produces a phantasm; but prime matte r does not produce a  species in 
the  senses because it ne ither is  a  form nor has  a  form; there fore , <prime mat-
te r does  not produce a phantasm>.

i

3,2 Aris t. Phys . 1.5, 189a5-7; but see a lso above , q. 11, n. 4. 
mThis  is  probably a  re fe rence  to Aris t. De  anima III.2,427b 17-20. 
3wThis  is  probably a  re fe rence  to Aris t. De  anima 111,2,428a8-9.
3W Aris t, Phys . II.7, 198a24-27.
396 Aris t. De  anima 111.7,431al6-17.
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7. To the contra ry: if what is pos te rior is unders tood, what is prior is  
unders tood; there fore , if a compos ite , which is  pos te rior to the matter and 
form tha t a re  its  components , is  unders tood, matter will be  unders tood.

8. Furthermore , in Phys ics I Aris totle says tha t matter is knowable by 
ana logy,397 and so it is  knowable .

9. Furthermore , be ing in so fa r as it is  be ing is known, s ince there is a 
science of be ing in so fa r as it is  be ing, tha t is , metaphys ics . But once some-
thing is unders tood, its  diffe rences are unders tood; and the firs t divis ion of 
be ing is  into act and potency; therefore , what is  in potency can be  unders tood. 
But act is reduced to form and potency to prime matter; there fore , s ince 
potency can be unders tood, matte r will a lso be  unders tood.

10. Furthermore , prime matte r is maximally s imila r to the inte llect, 
because  the  inte llect is  receptive  of universa l, and in Metaphys ics  X Aris totle  
says tha t prime matte r rece ives universa l forms;398 there fore , prime matte r is  
maximally proportiona l to the apprehens ion of the  inte llect.

11. Furthermore , in support of the  same point there  is  Aris totle’s  cla im in 
On the S oul III: “The possible inte llect is not this something before it 
unders tands  in act”,399 tha t is , the  inte llect is  not something in act before  it is  
perfected by an inte lligible  thing. And in the  same  way matte r is  not something 
in act before  it is  perfected by a form; thus  matte r is  maximally s imila r to the 
intellect, and so it is maximally proportiona l to the apprehens ion of the 
inte llect.

12. The solution of the problem or the truth of the matte r is tha t we 
understand prime matte r, because otherwise there  would be  no knowledge  of 
it, whereas in Metaphys ics I Aris totle draws definite conclus ions about 
matte r.400

13. To the firs t a rgument401 it must be sa id tha t there are two kinds of 
separa tion: (i) one kind involves  exis tence , so tha t the  inte llect would separa te 
one thing from another in such a way tha t it would make tha t thing exis t 
without the other in order to unders tand it; and this kind of separa tion is  
imposs ible , (ii) Another kind of separa tion is  separation in accordance with 
the mode of cons idering, so tha t the inte llect cons iders a thing tha t exis ts  
under certa in appendages to matte r and certa in configura tions but not in so 
fa r as  it exis ts  under such appendages . The  inte llect performs  this  second kind 
of abs traction in order to actua lly unders tand something, but it does not 
perform the firs t kind of abs traction. In this  way it is  poss ible to unders tand

i
:

I

1

i

I

”7Anst. Phys . 1.7, 191a7-12.
**The correct re ference  is  Aver. In Metaph. I, t.c. 17, fol. 14vb. 

399Aris t. De  anima II1.4,429a22-24, b30-31.
^This  is  probably a re fe rence to Aris t. Metaph. 1.8,989b6-14. 
401 See above , n. 1.

I
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and to abs tract matter, because matte r is  a part of many individua ls and can 
be cons idered not in so fa r as it is de te rmina te^ a part of this or tha t 
individua l, but in so fa r as it is  a  na ture  cons idered in itse lf. Prime matte r is  
inte lligible  in virtue  of this  kind of abs traction.

14. But aga ins t this : it seems tha t matte r cannot be abs tracted in this  way 
because a power of the  soul composes the  propos ition ‘prime matte r is  a  part 
of this  thing’; and no power other than the  inte llectua l power does  this , both 
because  no other power composes , and because  matter is  only known through 
a ra tiona l progress ion from effect to cause , which no power other than the 
inte llectual power produces .

15. The reason for this  should be inves tiga ted.
16. To the  second a rgument402 it mus t be  sa id as  before  tha t from the  prem-

ise  ‘the  more matte r something has , the  less  inte lligible  it is ’ it does  not follow 
tha t what is  tota lly matte r is  in no way inte lligible , but it does  follow tha t it is  
inte lligible  in a  diminished way, and this  is  true . But if one  draws  the  conclus ion 
‘there fore , it is minimally inte lligible’, in this conclus ion the senses of 
‘minimally’ mus t be dis tinguished, as  was  made  clear before .403

17. To the third argument404 it mus t be sa id tha t the propos ition ‘only a 
universa l is what is unders tood’ is per se fa lse , because what is maximally 
s ingula r is maximally inte lligible , namely the firs t cause , and ye t it is not a 
universa l. The reason for this  is  tha t, if the  firs t cause were  a  universa l, there 
would be many Gods , and this  is  absurd. Anothe r reason is  tha t a  universal is  
the  principle  of something tha t can be  ordered in a  genus ; there fore , s ince the 
firs t cause  is  not in a  genus , it is  not a  universa l and it does  not have  a  universa l

I
|

;
i

i
i

!

!

;

!

402 See above, n. 2. 
wSee above, q. 48, n. 14. 
Ŝee above, n. 3.
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tha t has be ing in extra-menta l things . Nor does  it have a  universal tha t exis ts  
in the  soul, because  a  universa l tha t exis ts  in the  soul is  s impler than the  thing 
of which it is a universa l, and nothing is  s impler than the firs t be ing. Tha t 
propos ition is a lso fa lse about the inte llect of the ra tiona l soul and of the  
inte lligences , which unders tand things as  they exis t and s ingula rs  in so fa r as 
they are s ingula rs . Accordingly, the propos ition ‘only a universa l is  what is  
unders tood’ in order to be true must be qua lified on the s ide of the inte llect 
and on the  s ide  of the  inte lligible  thing. On the  s ide  of the  inte llect, it mus t be  
qua lified so tha t it is unders tood of the inte llect tha t is  firs t in potency and 
then in act, tha t is , of the  poss ible  inte llect. On the  s ide  of the  inte lligible  thing 
it must be qua lified so tha t only extra -menta l s ingula rs  are unders tood in 
virtue  of the ir universal.

18. Furthermore , not every s ingula r is  sens ible , but only a  s ingula r exis ting 
in exte rna l sens ible matte r, because inte lligences  and ra tiona l souls and the 
like  a re  not sensed. And unless  the  propos ition is  taken with this  qua lifica tion, 
the  conclus ion does not follow, but there  will be  a  fa llacy of the  consequent, 
as  is  clea r to anyone who examines  the  a rgument.

19. Another reply is  tha t prime matte r is in some way universal or com-
mon. But something can be  common in two ways : (i) in such a  way tha t it has  
the rea l community of a  form in virtue  of which a  form can multiply itse lf in 
many suppos its , regardless  of whether it is  multiplied in act or not; prime 
matte r does  not have  this  kind of community, (ii) Another kind of community 
is in accordance with reason, and there is no rea l na ture which can be 
multiplied in many things  tha t corresponds to it; this kind of community is  
only one of an intention. This  is  the  s ituation when I say tha t ‘infinite  in act’ 
is  a  common name because it would apply to this  infinite  in act and to tha t, 
even though there is  no rea l infinity tha t corresponds  to the intention of the 
name; and even though there is  no such thing, the  name is  no less  an appe lla-
tive noun. And it is in this  way tha t matte r is  something common, and this  
only happens in accordance with the intention of the name, because it is  an 
appe lla tive noun. This  kind of community is  sufficient for the  inte lligibility of 
matter.

20. Another reply is tha t the cla im tha t matte r has community can be 
unders tood in two ways : e ither (i) by itse lf and essentia lly, and in this way 
matter has no community, or (ii) accidenta lly, tha t is , under the be ing of a 
form or of a  whole  compos ite , and in this  way matte r has  community.
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21. To the fourth argument405 it mus t be  sa id tha t prime matte r is  present 
in us in two ways because it is  present both as part of a compos ition and as 
apprehensible . Prime matter, however, is apprehens ible ne ither through a 
species nor as a thing nor through its  e ffect, but only through its  s igns, for 
example because we see tha t in every change there is something fixed and 
permanent. Hence , s ince  in the  change tha t is  genera tion a ll forms , both sub-
s tantia l and accidenta l, change , it is  necessary for something tha t is  fixed and 
tha t bears a ll these  changes  to remain, and this  is  nothing other than matte r 
itse lf. Another s ign is  tha t we  certa inly know tha t the resolution of one form 
afte r another s tops a t the  materia l cause , as Aris totle  teaches in Metaphys ics  
II.406 Another s ign is  tha t a  form is  not extended in anything other than matte r 
and is  not borne by anything other than matte r.

22. Another reply is  tha t matte r does not produce a  species by itse lf, but 
only accidenta lly, namely under the be ing of a  form —and I do not assume 
tha t a form alone produces a species , but the whole compos ite  produces a 
species—, and thus  matte r produces a species  accidenta lly.

23. To the  fifth a rgument408 it mus t be sa id tha t the  joining of a  form with 
matter is not the whole cause of a s ingula r’s not be ing unders tood, but the 
cause is  tha t a s ingula r exis ts  under certa in appendages , configura tions , and 
dimens ions ; and things  of this  kind only re la te  to the  sens itive  powers , such as 
the imagina tive power and the other powers , but in no way <do they re la te  
to> the inte llect, because something is  not unders tood under the  conditions 
‘here’ and ‘now’, and under ce rta in appendages of matte r.

24. To the las t argument409 it must be sa id tha t the propos ition ‘we 
unders tand nothing without a phantasm’ is true of extra -menta l sens ible 
things and of the  possible  inte llect, as  was  made  clear before .410

25. Another reply is  tha t matte r in some way produces  a  phantasm because 
<it does  so> under the  be ing of a form, as  was  made  clear before .411

26. S ince the las t a rguments 412 use a fa lse deduction, a lthough the ir con-
clus ion is  not fa lse , you should reply to these  as  will be  es tablished la te r.413

:
:

407

405See above , n. 4.
■^This  is  probably a  re fe rence  to Aris t. Metaph. 1.8,989b6-14; on the  order of the  firs t two books  
of the  Metaphys ics  in the  Arabic-La tin trans la tion, see  above , note  on q. 9, n. 6.
407 Bacon gives  this  reply. See Roger Bacon, S upra libros  octo Phys icorum , 56.11-22.
408 See  above , n. 5.
409 See  above , n. 6.
4,0See  above , nn. 17-18.
411 See  above , n. 22.
4,2  See  above , n. 5-6.
4,,Not found. i

i

i
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13 Albertus Magnus (1193? or 1206?–1280)
From the Libellus de Alchimia

Although answers to many questions about the life, writings, travels, places of residence –
even the birth date – of Albertus Magnus are uncertain, his preeminence in medieval Latin
European culture is beyond dispute. In the words of Lynn Thorndike, Albertus was “the
most prolific of its writers, the most influential of its teachers, the dean of its scholars,
the one learned man of the twelfth and thirteenth centuries to be called ‘the Great’”
(HMES 2:521). Born in Swabia in Germany, Albertus achieved distinction as a member
of the Dominican order and holder of high ecclesiastical offices, such as the bishopric
of Ratisbon, 1260–62. His greatest fame, however, resulted from studies in most of the
known fields of learning, which, following the plan of his master Aristotle, included
physics, psychology, celestial phenomena, geography, botany, zoology, minerals, medicine,
and optics, as well as theology. Only in the last of these was he exceeded by his pupil,
Thomas Aquinas.

Albertus’s writings on the “occult” arts of alchemy, astrology, and magic are often
regarded as spurious, and it is difficult to separate the genuine from the false. The Libellus
de Alchimia, from which the following selections are taken, is as likely to be authentic as
any of the alchemical attributions and provides an excellent overview of the art in the early
medieval period. It is also remarkable for its avoidance of the obscure rhetoric that plagues
so much medieval and early modern alchemical writing. For these reasons, the brief tract
enjoyed wide circulation in manuscript.

Selections, including the later “Additions,” are from the Libellus de Alchimia, Ascribed to
Albertus Magnus, ed. and trans. by Sister Virginia Heines, S.C.N. (Berkeley and Los Angeles:
University of California Press, 1958), and are reprinted with the kind permission of the
University of California Press. Additional readings: J. R. Partington, “Albertus Magnus on
Alchemy,” Ambix 1,1 (May 1937): 3–20; Pearl Kibre, “Alchemical Writings Ascribed to
Albertus Magnus,” Speculum 17,4 (Oct. 1942): 499–518.

�
1. On Various Errors.
Now, in this little work of mine, I shall describe for you, briefly and simply, how you
should undertake the practice of such a great art. I shall first point out, however, all the
deviations, errors, and stumbling blocks of this art, into which many and, [indeed], nearly
all [are inclined to] fall.

For I have seen some who, with great diligence, were performing certain sublimations
and were incapable of carrying them out, because they failed to grasp the fundamentals.
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100 ISLAMIC AND MEDIEVAL TEXTS

I have seen others making a good beginning, but who, because of excessive drinking
and other follies, were unable to carry on the work. I have seen others who made a good
decoction, distillation, or sublimation, but because of the excessive length of the work,
they left it uncompleted.

I have seen others who possessed the true art and who performed their operations
with skill and diligence, but who lost spirits in sublimations because of porous vessels, and
for this reason doubted, and cultivated the art no further.

I have seen still others who, desiring to pursue the art, but incapable of waiting the
required time, performed too rapid sublimations, distillations, and solutions, because of
which they found the spirits contaminated and decomposed, and the aqueous solutions
and distillates turbid; and therefore they too lost faith.

I have seen many who were carrying forward the work with diligence and yet at length
failed because they did not have the necessary means of support. Hence the verse:

When the work is in danger, mortal need increases:
You may know many things, [yet] without money, you
will be nought.

Hence this art is of no value to paupers, because one must have enough for expenses for
at least two years. Thus, if one should happen to err in one’s work or prolong it, one need
not be reduced to penury, as I have seen occur many times.

I have seen some who made pure and good sublimations as many as five times, but
then were unable to make any more and became deceitful; they whitened Copper, adding
five or six parts of Silver, and thus cheated both themselves and others.

I have seen others who sublimed spirits and fixed them wishing with them to color
Copper and Tin, and when they made no impression or penetration, they became doubtful
[about the art].

I have seen also those who fixed spirits, covering them with a penetrating oil, until
they made a penetration into the bodies, adding yet another part of Silver, and thus they
whitened Copper – which is similar to Silver in malleation and testing and in whiteness –
which withstood even a second and a third testing, and yet had not been perfected, for the
Copper had not been calcined nor purged of its impurity. Hence Aristotle says: “I do not
believe metals can be transmuted unless they are reduced to prime matter, that is, reduced
to a calx by roasting in the fire, then [transmutation] is possible.”1

Yet I saw other wise men who finished sublimations and fixations of powders and
spirits, prepared solutions and distillations from the powders, then coagulated them and
calcined the metals, whitened the bodies to white, and reddened the bodies to red, after
which they reduced them to a solid mass and colored them to produce Gold and Silver,
which were better than the natural in every testing and malleation.

Since seeing so many who have erred, I resolved that I would write of the true and tested
works and of the better [ones] of all Philosophers, among whom I have labored and have
had experience; nothing else shall I write beyond what I have seen with my own eyes.

1 Like many of his contemporaries, Albertus misattributed to Aristotle the famous passage from Avicenna’s De
Congelatione et Conglutinatione in which alchemical transmutation appears to have been rejected. The passage had
been appended to the fourth book of Aristotle’s Meteorology.
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2. How do Metals Arise?
Alchemy is an art invented by [the] Alchemist: the name is derived from the Greek archymo,
which in Latin is massa. Through this art, corrupted metals in minerals are restored and
the imperfect made perfect.

It should be noted that metals differ from one another only in their accidental form,
not in their essential form; therefore the stripping of accidents in metals is possible. Hence,
it is also possible, through this art, to bring about a new body, since all species of metals are
produced in the earth from a commixture of sulphur and quicksilver2 or because of foetid
earth. Just as a boy in the body of his mother contracts infirmity from a diseased womb by
reason of the accident of location and of infection, though the sperm is healthy, yet, the boy
becomes a leper and unclean because of the corruption of the womb. Thus it is in metals
which are corrupted, either because of contaminated sulphur or foetid earth; thus there is
the following difference among all the metals, by which they differ from one another.

When pure red sulphur comes into contact with quicksilver in the earth, gold is
made in a short or long time, either through the persistence [of the contact] or through
decoction of the nature subservient to them. When pure and white sulphur comes into
contact with quicksilver in pure earth, then silver is made, which differs from gold in
this, that sulphur in gold will be red, whereas in silver it will be white. When, on the
other hand, red sulphur, corrupt and burning, comes into contact with quicksilver in the
earth, then copper is made, and it does not differ from gold except in this, that in gold
it was not corrupt, but here [in copper] it is corrupt. When white sulphur, corrupt and
burning, comes into contact with quicksilver in the earth, tin is made, [as is indicated from
the fact that] it crackles between the teeth3 and quickly liquefies, which happens because
the quicksilver was not well mixed with the sulphur. When white sulphur, corrupt and
burning, comes into contact with quicksilver in foetid earth, iron is made. When sulphur,
black and corrupt, comes into contact with quicksilver, lead is made. Aristotle says of this
that lead is leprous gold.

Now sufficient has been said about the origin of metals and how they differ from one
another in accidental but not in essential form. It remains now to examine the proofs of
the philosophers and authorities, to see how they demonstrate that this is the true art, so
that we may be able to contend with those who maintain that it is not true.

3. The Proof that the Alchemical Art is True.
Some persons, and they are many, wish to contradict us, especially those who neither
know anything about the art nor are acquainted with the nature of metals, and who
are ignorant of the intrinsic and extrinsic properties of metals, understanding very little
about their dimensions and densities. To these, when they set against us the words of
Aristotle, who says, “let the masters of Alchemy know that the species of things cannot be
changed,”4 we must answer that he said this about those who believe in and wish to effect

2 Albertus follows the popular sulphur-mercury theory of the origin of metals identified chiefly with Geber. These
were not the common, ordinary sulphur and mercury but “principles of causation” related to the subterranean
smoky and vaporous exhalations posited in Aristotle’s Meteorology. The alchemists held that the philosopher’s stone
resulted from the conjoining of philosophical (or “sophic”) sulphur and mercury.

3 Cf. Avicenna’s reference to the “shrieking” of tin in De Congelatione.
4 Again, the reference is to Avicenna’s De Congelatione.
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the transmutation of metals that are still corrupt, but this, without doubt cannot be done.
Let us, therefore, listen to the words of Aristotle which say the following: “It is true that
experiment destroys the form of the species, and especially in metals, and this is the case
when some metal is calcined and hence is reduced to ashes and calx, which can be ground,
washed, and softened with acid water until made white and natural: and thus these bodies
through calcinations and various medicines may lose the brown corrupt vapor, and acquire
an airy, vivifying vapor, and the whitened calx will be reduced to a solid mass, which can
be colored white or red.” For this reason, Hermes says that spirits cannot enter bodies
unless they are purified, and then they enter only through the instrumentality of water.
Aristotle says: “I do not believe that metals can be transmuted unless they are reduced to
prime matter, that is, purified of their own corruption by roasting in the fire.”

To those still dissenting and unbelieving, I wish to make myself clearer because we
know whereof we speak and have seen what we are asserting: we see different species receive
different forms at different times; thus it is evident that by decoction, and persistent contact,
what is red in arsenicum will become black and then will become white by sublimation;
this is always the case.

If, by chance, someone should say that such species can easily be transmuted from
color to color, but that in metals it is impossible, I will reply by citing the evident cause
through various indications and proofs, and will thoroughly destroy their error.

For we see that azure, which is called transmarinum, is produced from silver; since, as
is more easily seen, when it is perfected in nature losing all corruption, the accidental is
destroyed rather than the essential. We see, furthermore, that copper receives a yellow color
from calamine stone,5 and yet neither the copper nor the calamine stone is perfect, since
fire acts on both.

We see that litharge is made from tin, but tin through too much decoction turns a
golden color; however, it is possible to convert it to a species of silver, since it is of this
nature.

We see iron converted to quicksilver, although this may seem impossible to some; why
it is possible I have already stated above; namely, that all metals are made from quicksilver
and sulphur; wherefore, since quicksilver is the origin of all metals, it is possible also for iron
to be reconverted to quicksilver. Do you not perceive, for example, that water solidifies in
the winter time through excess cold, and becomes ice, and that ice melts by the heat of the
sun and returns to water as before? Thus from quicksilver, wherever it is in the earth, and
from sulphur, if this also is present, a union of these two comes about and through a very
mild decoction over a long period of time, in which they are combined and hardened to
a mineral stone, from which the metal may be extracted.

Likewise, we see that cerussa is made from lead, minium from cerussa, and lead from
minium.6

Behold, now, it has already been sufficiently proved how species are changed from
color to color even to the third or fourth form. From this it must not be doubted at all,
that corrupted metals can become pure by their own medicines.

Since the foundation for this art has now been laid, let us see what we shall build
upon. For if we build upon hay or wood or straw, fire will consume all. Therefore, let us

5 Ores of zinc (Heines’s note). 6 For details of these preparations, see sections 27–29 (Heines).
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procure stones, which are neither destroyed by fire nor by decay; then we will be free from
all anxiety.

From what we have said concerning the difficulties of the art – its principle, and,
finally, concerning its proof – it is evident that we have established that it is the true art.
Now it remains to be seen how to proceed, and at what time and in what place.

First, at the outset, certain precepts are to be laid down.
The first precept is that the worker in this art must be silent and secretive and reveal

his secret to no one, knowing full well that if many know, the secret in no way will be
kept, and that when it is divulged, it will be repeated with error. Thus it will be lost, and
the work will remain imperfect.

The second precept is that he should have a place and a special house, hidden from
men, in which there are two or three rooms in which are carried on the processes for
sublimating and for making solutions and distillations, as I will show later.

The third one is that he should observe the time in which the work must be done
and the hours for sublimations and solutions; because sublimations are of little value in the
winter; but solutions and calcinations may be made at any time: All these things, however,
I will show clearly in [the discussion of] these operations.

The fourth is that the worker in this art should be careful, and assiduous in his efforts,
and not grow weary, but persevere to the end. For, if he begins and does not persevere, he
will lose both materials and time.

Fifth, it should be done according to the usage of the art: first in collecting [supplies],
second in sublimations, third in fixations, fourth in calcinations, fifth in solutions, sixth
in distillations, seventh in coagulations, and so on in order. If he should wish to color
besides subliming, and to both coagulate and distill, he will lose his powders, because
when they will have been volatilized he will have nothing left of them whatever, but they
will be very quickly dispersed. Or, if he wishes to color with fixed powders which are
neither dissolved nor distilled, they will neither penetrate nor mix with the bodies [to be
colored].

The sixth is that all vessels in which medicines may be put, either waters or oils,
whether over the fire or not, should be of glass or glazed. For, if acid waters are placed in
a copper vessel, they will turn green; if placed in an iron or lead one, they will be black-
ened and corrupted; if placed in earthenware, the walls will be penetrated and all will be
lost.

The seventh is that one should be on one’s guard before all else against [associating
oneself ] with princes or potentates in any [of these] operations, because of two dangers:
If you have committed yourself, they will ask you from time to time, “Master, how are
you succeeding? When will we see some good results?” and, not being able to wait for the
end of the work, they will say that, it is nothing, it is trifling, and the like, and then you
will experience the greatest dissatisfaction. And if you are not successful, you will suffer
continued humiliation because of it. If, however, you do succeed, they will try to detain
you permanently, and will not permit you to go away, and thus you will be ensnared by
your own words and caught by your own discourses.

The eighth precept is that no one should begin operations without plenty of funds, so
that he can obtain everything necessary and useful for this art: for if he should undertake
them and lack funds for expenses then he will lose the material and everything.
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4. The Kind and Number of Furnaces that are Necessary.
Now it must be seen how furnaces are made as well as the number and kind needed.

Regarding which it should be observed that the quantity of the work at hand should
determine the number of furnaces to be made. For if you have sufficient supplies and want
to undertake a great amount of work then you should construct many of them. If, on the
other hand, there is a scarcity, construct the furnaces according to the amount of powders
and medicines you have.

I desire to set forth a plan of furnaces as well as the number, which will be suitable to
the rich workers as well as to the poor ones.

First, the philosopher’s furnace must be described. Build it near a wall, where the wind
can approach: so that the furnace is about an arm’s distance from the wall, in this fashion.
Dig a pit in the earth to the depth of the elbow, about two spans wide or a little more, and
spread all over with the clay of the master [potter]: above this [pit], erect a circular wall
lined with the same clay.

5. On the Quality and Quantity of Furnaces.
Take common clay and to four parts add a fifth part of potter’s clay and grind well, and
add a little sand, grind again (some prudently add manure or salt water in which manure
will have been dissolved); after doing this make a wall, as mentioned before, above the pit,
two feet high or a little less, one span thick, and permit to dry. Then have a disc made of
potter’s clay, which can sustain strong fire, everywhere perforated with fifty or sixty holes,
according to the size of the disc [with the perforations] made like a finger, the upper part
narrow and the lower wider so that ashes can easily descend. Below, in the earth, make a
canal through earth and wall before the disc has been put in place; this should be narrow at
the pit end, while outside, at the wall, it should be wider, about one span in width, so that
the wind may enter. This canal should be lined with clay; then the disc should be placed
on top, in such a way that the wider openings of the perforations are on the underside.
Next a wall is built upon the first wall and the disc, to the thickness of one span, but the
wall should be above the disc to about the distance of one arm. The furnace should have
a hole in the middle above the disc where the coals will be laid. At the top there should
be a hole through which calcining vessels may be placed: this hole is to be covered over
afterwards with a tight cover. The furnace may also have beneath four or five small holes
about three digits wide.

This is the general plan of the furnace.
Note also that a clay tripod should be placed above the disc, upon which are to be

placed the calcining vessels, and under which the coals.

6. How many, what kind, and of what use are the Sublimation Ovens?
Now sublimation ovens must be considered, of which there should be at least two or four,
and made throughout with disc, canal, and perforations like the philosopher’s oven, but
smaller in size: moreover, they should be in one place for convenience [of supervision].

10. The Four Spirits of Metals which Color.
Note that the four spirits of metals are mercury, sulphur, auripigmentum or arsenicum,
and sal ammoniac. These four spirits color metals white and red, that is, in Gold and
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Silver: yet not of themselves, unless they are first prepared by different medicines for this,
and are not volatile, and when placed in the fire burn brilliantly. These spirits fashion Silver
from Iron and Tin, or Gold from Copper and Lead.

Thus, as I shall say briefly, all metals may be transmuted into Gold and Silver, which
are like all the natural metals, except that the iron of the Alchemist is not attracted by
adamantine stone and the gold of the Alchemist does not stimulate the heart of man, nor
cure leprosy, while a wound made from it may swell, which does not happen with natural
gold. But it is evident that in all other operations, as malleation, testing, and color, it will
last forever. From these four spirits the tincture is made, which in Arabic is called elixir,
and in Latin, fermentum.

11. What is Elixir, and how many of the Metals are Transmuted through
these Four Spirits?
Elixir is the Arabic name and fermentum is the Latin: because, just as bread is leavened and
raised through good yeast, so the matter of metals may be transmuted through these four
spirits into white and red, but especially through mercury, because it is the source and
origin of all metals.

12. On the Genera of Medicines and their Names.
The following is a list of the other spirits and medicines and how they are named: sal
commune [common salt], sal alkali, sal nitrum, sal borax, Roman alum, alum from Yemen,
tartar, atramentum, green copper, calamine stone, copperas, tutia,7 cinnabar, minium,
cerussa, hen’s eggs, eggshells, vinegar, urine, cadmia, marchasita, magnesia, and many
other things of which we have no need in this book.

These substances do not color, but the spirits are serviceable, for they are quickly
prepared and dissolved, and with their solutions they macerate the calx of the metals, and
[cause] these bodies to take on rectifying vapors.

Their preparation, occurrence, and the manner of calcining and solution, we will show
in order in the following chapters.

13. What is Mercury and what is its Origin?
Mercury is viscous fluid united in the interior of the earth with a white subtile earth,
through the most moderate heat until there is equal union of the two. It rolls on a flat
plane with ease and, despite its fluid nature, does not stick to it, and it may possess a viscous
form because of its dryness, which tempers it, and prevents adherence [to a surface].

It is the matter of metals when combined with sulphur, that is, as a red stone from
which quicksilver can be extracted; and it occurs in the mountains, especially in old drains,
in great quantities.

By nature mercury is cold and moist and is the source of all metals, as has been said
above. It is created with all metals, is mixed with iron, and without it no metal can be
gilded.

7 Atramentum is “a crude mixture of copper and iron sulphates.” “Tuchia, which is frequently used in the trans-
mutation of metals, is an artificial and not a natural mixture, for tuchia is made from the smoke which rises and is
coagulated by adhering to hard bodies, when the brass is purified from the stones and tin which are in it” (Liber
de mineralibus [viii, viii, 102], quoted in Heines).
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ADDITION.8 Quicksilver and sulphur, sublimed with sal ammoniac is converted into
a brilliant red powder, but when burned in the fire returns to a fluid and humid substance.

14. What is Sulphur, its Properties, and its Occurrence?
Sulphur, the fatness of the earth,9 is condensed in minerals of the earth through temperate
decoction, whereby it hardens and becomes thick; and when hardened it is called sulphur.

Sulphur has a very strong action, and is a uniform substance throughout; for this
reason its oil cannot be separated from it by distillation, as from other substances having
oil, but rather by means of acute waters, by boiling sulphur in them. It occurs in the earth,
sometimes in the mountains and sometimes in the marshes. There are many varieties;
namely white, red, green, yellow, or black: and besides it occurs in the dead form. It is
living when extracted from fusible earth, and is effective against the itch. It is dead when
it is poured into cylinders, as it is found among apothecaries.

ADDITION. Sulphur has a fiery nature, liquefies as gum and is entirely smoky.

30. What is Sublimation and in how many ways can it be done?
Sublimation is the volatilizing of a dry substance by fire, causing it to cling to the sides
of the vessel. Sublimation in fact is diversified according to the diversity of the spirits of
those things to be sublimated. One kind [is accomplished] by ignition, as with marchasita,
magnesia or tuchia; another with moderate ignition as with mercury and arsenic; and still
another with a low fire as with sulphur. Indeed, in one type of sublimation of mercury the
separation of its earth will result and there will be a change in its fluidity. On the other
hand, it is natural that superfluous earth very often is mixed with things with which it has
no affinity, hence its sublimation has thus to be repeated more often. Examples of these
are the calx of eggshells and of white marble, and finely ground glass, and every kind of
prepared salt. From these latter, it [the earth] is cleansed, from others it is not, unless the
bodies are [in a state of ] perfection; however, they are rather more corrupt, because all
such things have sulphureity which, ascending with it in sublimation, corrupts the work.
Because of this, if you sublimate from tin or lead you will note that after the sublimation it
is contaminated with blackness. Therefore, sublimation is better accomplished with those
things with which it does not agree [in nature]. However, sublimation, in general, would be
more readily accomplished with those things with which it [the substance to be sublimated]
agrees [in nature] if it were not for the sulphureity [in any of the components] with which
it does not agree [in nature]. A method of removing moisture is to mix and grind with
calxes – with which the sublimation should be done – until the metal can no longer be
detected, and then the moisture is removed by slow heating. As [the moisture] of [the
mixture] recedes, the moisture of the mercury will recede with it, as I shall teach you in
the following sublimations of spirits.

31. What is Calcination and in how many ways can it be done?
Calcination of any kind is the pulverizing of substances by fire to remove the moisture
uniting the parts. Bodies diminished of their own perfection are calcined.

8 The “ADDITIONS” included in the Heines edn. consist of materials “added to the original text at a date much
later than the first recension of the text” (xxi).

9 Cf. Geber, Sum of Perfection, bk. 1, pt. 3, chap. 4.
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There are also different kinds of calcinations. Bodies are calcined so that the sulphureity
corrupting and defiling them may be removed. In fact, each sulphureity may be burned
from the substance with which it is combined, but which without calcination cannot
be removed. Soft bodies are, indeed, particularly hardened by it, but they [also] take an
impression more clearly and harden more readily. Spirits are calcined the better to fix them
and bring them more quickly into solution. Every kind of calcined body is more fixed,
and more easily sublimed than the uncalcined; hence, soft bodies can be easily calcined
through fire; hard bodies need very strong fire [to be calcined], as I shall teach you at the
end [of this book].

ADDITION. Silver may be calcined thus: take an ounce of purest Silver, or more if
you wish, and from this make plates thin as the [finger] nails of the hand. Add a third part
of common salt, from the preparation commonly prepared and calcined, and a fourth part
of sublimated mercury, making a powder of said mercury and salt by grinding. Afterwards
cement the plates together in the sublimatory, by placing first a layer of the powder, then
a second layer of the sheets, and follow layer by layer; then sublime with a slow fire until
all the moisture of the mixture evaporates. Close well the opening and increase the fire
through the natural day; take care not to remove the vessel from the fire immediately, but
let it cool [for] three hours. Do not open the vessel until it is cold, because the spirits will
evaporate. When the vessel is cold, take out the sublimed mercury, clear as a crystal, and
set [it] aside; then take out the silver that remains half-calcined with the common salt. If
possible, crush the salt and the half-calcined Silver at once above the porphyry. If it cannot
be ground, put it into a glass cassola and separate the whole salt with fervent waters, until
you perceive no salty taste; dry the remaining calx in the bottom of a paropsis,10 and calcine
once again with new salt and mercury sublimed five or six times. Alternate the calcining
and washing of the Silver calx until you detect no salty taste. Your calcined Silver will then
be the whitest and cleanest [kind], like the rays of the stars, so that if you melt part of
the said calx with borax, or with good sal nitrum or sal alkali, you will find your Silver
converted to white gold.

32. What is Coagulation and why is it used?
Coagulation is the reduction of liquid substances to a solid mass by deprivation of their
vapors. It was devised to harden mercury and purify medicinal solutions of moisture mixed
in them. Mercury is coagulated by its frequent precipitation with violence to the dryness
of the fire. The dryness of the fire removes the moisture. This is accomplished in a long
narrow vessel.

33. What is Fixation and in how many ways are Bodies fixed?
Fixation is the appropriate tempering of a volatile substance in fire. It was devised so that
every coloring, and every alteration is perpetuated in another and is not changed: for
bodies, whose perfection has been diminished through calcination, are fixed when they
are freed from corrupting and volatile sulphureity. Sulphur and arsenicum are fixed in two
ways: one method is the repetition of their sublimation from one state to another, or until

10 A cassola is “a kind of saucepan with a handle”; a paropsis is a “small dish” (Heines’s notes).
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they achieve stability. Spirits are also fixed in another way, either with the solutions of
metals or with oil of tartar, as I shall say below.

ADDITION. Take sublimed mercury, an equal amount of sal ammoniac, and sublime
seven times, or until melted, [then] let the stone remain at the bottom; crush it and expose
to damp air so it will become a liquid. Soak metallic arsenicum in this water, dissolve in
distilled vinegar, and distill seven times, or congeal, and dissolve, and a stone will result.

Metallic arsenicum is made by melting one part of arsenicum with two parts of white
soap. Another [procedure] is given in Geber’s [Liber] Fornacum: where you may read [it], if
you wish.

Either sublime mercury, or sulphur, or prepared arsenicum, or several of these, at the
same time, along with sal tartarum or saltpeter, or sal ammoniac. Do this many times until
they remain fixed, then extract [them] with warm water.

34. What is Solution and in how many ways is it done?
Solution is the resolution of any calcined substance into water. It was devised so that
the intrinsic qualities of substances might become extrinsic and vice versa, and so that
they might be made suitable for distilling; thus they are freed from every contamination.
Solution is achieved either by heat and moisture or by cold and moisture, as I shall teach
in the following [chapters].

ADDITION. Some [substances] dissolve after being calcined with an equal weight of
sulphur, with water or the juice of limes, in a closed crucible.

35. What is Distillation and how is it done?
Distillation is the rising of the vapors of a liquid in its own container. There are different
methods: with and without fire, that with fire is of two kinds; one, through rising vapors,
as with an alembic; the other through a descensory,11 as with a pipe, and through fire
superimposed on vessels.

The general purpose of distillation is [the] purification of a liquid from its dregs. We
can see that the distillate is rendered purer [than the original liquid]. The special purpose
of pure water is the imbibition of spirits and clean medicines, so that we can have a pure
solution when we need one, for the dregs that can contaminate our medicines and purified
spirits will have been removed. Distillation was invented to extract, through a descensory,
an oil pure in its nature, whenever we cannot [evidently] have an oil combustible in its
nature, as is true of petroleum. However, distillation, through filtration, is devised solely
to obtain a clear liquid.

36. What is Ceration and how is it done?
Ceration is the softening of dry and nonfusible substances. It is clear that this process
was invented to mollify a body with a view to change (or inceration) and thus permit
penetration of other substances, for a body deprived of liquefaction permits no penetration.
Some think that ceration should be done with liquids and liquid oils, but that is an error;
for in no substance is the whole moisture found better than in sulphur and arsenicum. By
this method [sulphur and arsenicum] their sublimation may be multiplied a great many

11 “A vessel or retort used for distillation by descent” (OED).
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times because of the softened substance, to the point where, finding moisture in them, they
attain a good fusion; on the other hand, this cannot be accomplished without perfectly
cleansing them of all corruption. But it seems better to me that their oils should first be
fixed by oil of tartar and with these oils every ceration can suitably be made. Concerning
these things this will suffice.

42. From what substances is Fire made?
Since the principle of sublimation of spirits has been presented, it remains now to investigate
the substance of fire. I assert, therefore, that fire should be made of coals for two reasons:
first, because it is less work to lay coals than wood; second, because wood gives much more
smoke and, because of the smoke, the work cannot be observed well. Vessels are broken
by the heat of the fire, as happens oftener when the clay is not good or they [the vessels]
are not well baked. And when they break to pieces, white smoke at once appears, which
may easily be seen over a fire that is made from coals; hence when the vessels smoke let
them be taken from the fire at once or else the sublimation will be lost. Take care that this
does not happen.

Note that the upper vessel, namely an aludel, should be glazed, but this is not necessary
for the lower [one]. It is customary also to harden the medicine that cannot be sublimed,
on a scutella.12 This is not to be doubted, but it [the medicine] should be ground a second
time and mixed with a little more of the dregs and it will be sublimed thoroughly.

44. The Revelation and Teaching of the Secrets of this Art begin here.
Now I have already taught you how to collect various flowers full of the fine fragrances,
redolent with health and beauty, and the glory of this world: this is the flower of flowers,
the rose of roses, and the lily of the valley. Rejoice therefore, O Youth, in thy adolescence
and gather the flowers, since I have introduced you into the garden of Paradise; make from
these a wreath for your head, that you may rejoice and enjoy the delights of this world.

I have disclosed to you the meaning, now I will help you to understand the secrets of
this art, and what was hidden for such a long time, I shall now bring to light.

Previously, I taught you how to sublimate and to collect the flowers of these substances,
therefore, now I shall teach you how to plant them so that they may bear much fruit, and
their fruit may last forever. I shall teach you how to fix the powders sublimed, that they
may remain in the fire, be combined and mixed with bodies, and [I shall show you that
this may be done] in two ways.

45. The Fixation of Powders, so that they can mix with Bodies, is taught here.
Take as much [powders] of these as you wish, one pound or two without anything else,
and place in the vessel of fixation, and shape off the opening with good clay, not glazed,
of the glassmakers, one digit thick, and close the cracks with good clay, namely, clay of
wisdom.13 When this is done, put [it] upon a sublimation furnace, and apply fire for a
whole day. Now if done in summer, the amount of heat is as of sublimed mercury after
mid-day; however, if it is done in the morning, turn the upper layer underneath, alternate
two times at least, then open and see in this way if the powder is fixed; place a little of it

12 Flat dish or saucer (Latin). 13 The well-known lutum sapientiæ used to seal vessels.
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over the coals: if it smokes, it is not yet fixed, but if it does not smoke, then it is fixed, and
this is the sign of every spirit. If, however, it is not fixed, return to the furnace, closing
the vessel as before, and apply fire for five days or until at length you hear a sound in the
vessel like falling stones, as very often happens, when it is dried up too much. (Another
direction says that it may be tested over a burning plate to see if it melts or flows, or fails
to give off smoke.)

A second way [to fix powders] is with the imbibition of oil of tartar. However, you can
do it this way: take sublimed arsenicum or sulphur or auripigmentum, and crush over the
stone with oil of tartar, until all becomes liquid. Then place in a glass phial in ashes, which
have been sifted through a fine sieve, and place the vessel with the ashes over a distillation
furnace, and apply the fire at first very slowly as [is done] in masticating, lest the vessel be
broken. After heating the glass, increase the fire; then dry the medicine in an open vessel,
if you wish, but it is better [to do it] in a closed one. Place above it an alembic which
collects the water distilled from it, because [this distillate] is useful for many things. When
the medicine is dry, the vessel has to be broken, since you cannot empty it otherwise, and
you will find the powders hardened like stone. This has to be well ground as before with
the distilled oil [of tartar]. Using the same procedure, again break the glass, remove, grind
well, place in another ampulla, and set [it] in a warm dung pit for seven days, and then it
will be dissolved into a liquid. Then place the vessel in warm ashes and heat with a slow
fire, then you will have the spirits fixed; and the color will remain firm and lasting. And of
this powder, add one part to fifty parts of calcined Iron or Copper, and this will be good
for every malleation and testing.

51. How can Gold and Silver be Calcined?
The calcination of all metals must now be noted. First, take the calcination of Gold and
Silver. Place the filings of either one you wish in vinegar for nine days. Then remove and,
when dried, crush into dry powder; afterwards add water [and] sal ammoniac, crushing
and drying six times. Then place over a stone, as I have taught for dissolving, and distill
and put aside; and from this liquid take the powder for the solution.

Note this, however, that you should use liquids of Gold for making red solutions and
[liquids] of Silver for white [ones].
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PART I

MATTER



2

Substratum

2.1. The Surprising Consensus

We should begin with those parts, or elements, that are most basic. But which are
those? Albert of Saxony, the influential fourteenth-century natural philosopher, writes
that “on one possible description, an element is what is found last when bodies are
taken apart, and what is found first when bodies are generated” (In Gen. et cor. II.3).
If this is how we understand element, then the truly first element of bodies is prime
matter: it is presupposed by generation and exists after corruption. If the vulgar masses
think of earth, air, and so on as the primary elements (Ch. 21), this is only because “the
vulgar do not perceive that prime matter is prior.” These are Albert’s conclusions, but
they are conclusions that would be widely accepted across our four centuries. Hence, in
considering the constituents of material substance, it seems reasonable to begin with
prime matter.1

In view of the notorious obscurity of the doctrine of prime matter, this might seem a
difficult place to begin, and an unlikely place to find consensus. Jacob Zabarella, the
great sixteenth-century Paduan scholastic, opens his treatise on the subject with the
forbidding remark that “nothing in the natural world seems to be more obscure and
difficult to grasp than the prime matter of things” (De rebus naturalibus, Prima materia
I.1, col. 133). Be that as it may, this is a topic on which scholastic and post-scholastic
authors share a surprising amount of common ground. Franco Burgersdijk, an early
seventeenth-century scholastic,2 writes:

All seem to have granted to Aristotle that the generation and corruption of natural things
requires contraries and matter, or a common subject for the contraries. . . . All have judged
by unanimous consensus that matter is . . . the first subject from which natural things are
composed, and into which, when they expire, they are ultimately dissolved. (Collegium Physicum
II.3–4, pp. 13–14)

1 Albert of Saxony’s account of prime matter as elemental is also found in Nicole Oresme, In Gen. et cor. II.3 (p. 199),
and in Marsilius of Inghen, who remarks that “strictissime, . . . nihil est elementum nisi materia prima” (In Gen. et cor. II.3,
f. 102ra). Albert and Marsilius are probably both following Nicole in their commentaries, as they often do.

2 On Burgersdijk, see the studies in Bos and Krop, Franco Burgersdijk.



Authors less sympathetic to scholasticism reach the same conclusion. Gerard and
Arnold Boate, in their solida confutatio of Aristotelian natural philosophy from 1641,
acknowledge that “no sane person denies . . . that some preexisting matter is required in
all generation.” This thesis, “the most certain of all things,” is one that “no one has ever
called into controversy” (Phil. naturalis I.2.1, p. 12). Jean Chrysostome Magnen, later in
that same decade, confidently holds that “no one will deny that prime matter should
certainly be postulated” (Democritus reviviscens 1.1, p. 58). Walter Charleton, a few years
later, describes it as “unanimously confessed by all” that there must be a material
substratum composing all bodies and enduring through change (Physiologia II.1.1.3).

Naturally, proponents of corpuscularianism did not endorse the scholastics’ meta-
physical construal of prime matter. Burgersdijk, after describing the consensus, goes
on to remark that “what this subject or matter is, and what the contraries are, and how
many, and of what sort they are, and whether they ought to be called the principles and
elements of natural things—there has almost never been more diversity in views about
a thing than there is about this.” Charleton prefaces his above-quoted remark with the
cautionary note that “what is the general matter of all concretions . . . has been by more
disputed than determined, in all academies.” The young Leibniz tells his former teacher
Thomasius in 1669 that “nothing is more true than Aristotle’s view of primary matter,”
but immediately goes on to remark that what is at issue is whether this and other
Aristotelian theories “can be explained by size, shape, and motion.”3 For the strict
corpuscularian, on my terminology (}1.3), prime matter would have to be accounted
for in terms of a thing’s integral parts. Atomists in particular had no difficulty in
postulating some sort of analogue to prime matter, inasmuch as they could appeal to
a homogeneous stuff that endured through all change. I will take up the difference
between corpuscularian and metaphysical prime matter in the following two chapters,
after here focusing on their areas of agreement.

The hostility of seventeenth-century corpuscularians toward scholasticism is such
that one might reasonably be inclined to doubt whether—despite the superficial
expressions of agreement—there is in fact any substantive common ground here.
In fact, however, there are two very interesting and significant theses that nearly
everyone in our period accepts. First, there is the substratum thesis:

All natural change requires a substratum that endures through the change.

Second, there is the conservation thesis:

Prime matter is naturally conserved through all change.

In effect, the proponent of these two theses is staking out the commonsensical middle
ground between two radical views. On one extreme is the view that nothing ever goes
out of existence; on the other extreme lies the view that nothing ever endures. As we
will see in the final part of this study, there were authors during our period who were
tempted by one or the other of these radical extremes. Even so, the consensus,
throughout our four centuries, was that something in between ought to be said: that

3 Phil. Schriften IV:164 (tr. Loemker pp. 94–5). Leibniz, it should be said, remarks in the same passage that the doctrine
of substantial forms is also certain. This is a far more idiosyncratic perspective, as we will see in Ch. 24.
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there is an enduring core to material things that persists through all change, but that
such change is itself perfectly real.4

The degree of consensus over these two theses is remarkable, given that neither
seems self-evident. As we will see below, the two theses are close to being mutually
entailing, but they often seem to have been regarded as independently motivated. Let
us, then, consider them in turn.

2.2. The Substratum Thesis

An Aristotelian, proceeding under the assumption that there are enduring complex
substances, will want to distinguish between cases of change to an enduring substance
and cases of change from one substance to another. Changes of the first kind are
traditionally called alterations, and changes of the second kind are called substantial
changes, when one substance is corrupted and a new one generated. (Strictly, ‘alteration’
refers only to qualitative change, but a somewhat broader usage will be useful here.)
If we consider only alteration, then the substratum thesis thus restricted (call this special
case SA) becomes self-evident, because the substratum will just be the substance. The
controversial case, then, is the case of substantial change (SGC). Why not allow, when
one substance is corrupted and a new one generated, that there might be an ontological
rift that goes, as it were, all the way down? Why, for instance, when a dog is corrupted,
and a dog-corpse is generated, must there be any part of the dog that continues to exist
as a part of the dog-corpse? Why couldn’t the situation be as shown below, with

nothing to bridge the rift between one substance and the next? (Ignore for now the
question of what the depicted strata represent, exactly, and whether a corpse is indeed
a substance.) The gap in the schema does not denote that any time must elapse between
the dog’s corruption and the corpse’s generation; let it be instantaneous. The question
is whether anything must endure through that instant of death.
That something must endure—that the picture must instead be as shown below,

where the bottom line represents prime matter—might seem to be one of those
dogmas of scholastic metaphysics that post-scholastic authors would gladly rid

Dog Dog-Corpse

Dog Dog-Corpse

4 In the seventeenth century, the doctrine of an enduring material substratum can be found in anti-Aristotelians such
as Basso, Phil. nat. De forma I, intentio 1; Hobbes (note 18 below); Boyle, Possibility of the Resurrection (VIII:308; Stewart
pp. 202–3); Henry More, Ench. meta. 9.1–2. Newton writes, in an unpublished manuscript: “Ex materia quadam communi
formas et texturas varias induente res omnes oriri et in eandem per privationem formarum et texturarum resolvi docent
omnes” (McGuire, “Transmutation” p. 76).

The consensus over the substratum and conservation theses is perhaps so universal as to make these doctrines all but
invisible to modern scholars. One of the few to discuss these issues is Des Chene, who writes that “in the sixteenth and
seventeenth centuries, at least, the substrate argument was unchallenged” (Physiologia p. 59). In contrast to my view,
however, Des Chene regards the thesis as “almost anodyne.”
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themselves of. In fact, though, I have found no one who rejects the substratum thesis.
One quick explanation for this consensus would be that everyone is using generation and
corruption as technical terms, to cover precisely the case where a thing comes to exist
out of preexisting matter, or goes out of existence while its matter endures.5 But
although scholastic authors do often use the terms in these technical senses, and
sometimes do defend SGC on these narrow, definitional grounds, there was a consensus
that the technical usage is warranted just because we have independent grounds for
thinking that SGC is true. That is, the technical use of ‘generation’ and ‘corruption’ was
warranted by a prior confidence in the thought that all natural coming into and going
out of existence will involve enduring matter.

Why this confidence? By far the most common argument in favor of the substratum
thesis appeals to the ex nihilo principle, that nothing is made from nothing. Aristotle had
said that its denial was the thesis that, “more than any other, had preoccupied and
alarmed the earliest philosophers” (Gen. et cor. I.3 317b29–30), and he repeatedly invokes
the doctrine as one that is almost universally accepted.6 The Jesuit Benedictus Pererius,7

in his superb treatise on natural philosophy, De communibus principiis (1562), offers this
as the first of a series of arguments in support of prime matter: “Nothing is made from
nothing, and everything is made out of something, and from something, and is made
[to be] something. Indeed, not anything can be made out of anything, but out of a
certain, definite subject” (V.4, p. 281). Gassendi, in his defense of corpuscularian prime
matter, draws on Epicurus and Lucretius to make the same argument.8

5 The quick argument for substratum by technical definition is offered by Albert of Saxony, In Phys. I.14 (p. 199):
“Secunda conclusio: nihil potest generari ex nihilo. Probatur: nam hoc ex quid nominis generationis implicat contra-
dictionem; sed a nullo potest fieri quod fieri implicat contradictionem; ergo etc.” (Albert treats the ex nihilo principle as
essentially equivalent to the substratum thesis.) Ockham, in contrast, explicitly rules out this sort of argument by
definition (Summula I.11, Opera phil. VI:187).

6 Aristotle cites the ex nihilo principle as almost universally accepted at Phys. I.4, 187a27–29 and Meta. XI.6, 1062b23–24,
and endorses it himself, when properly understood, at Phys. I.8, 191b13. He appeals to it as the basis for the substratum
thesis at Meta. VII.7, 1032b30–1033a1: “Therefore, as is said, it is impossible that anything should come about if nothing
were present before. So it seems that some part will be present of necessity in what comes about, since the matter is a
part, and since it is present in what comes about and becomes that.” At Physics I.7, 190a33–b5, Aristotle usefully
distinguishes between SA and SGC: “Now in all cases other than substance it is plain that there must be something
underlying (!"#Œ$E%&Æ' (Ø), namely, that which becomes. For when a thing comes to be of such a quantity or quality or
in such a relation or place, something underlying is always presupposed, since substance alone is not predicated of
another underlying thing, but everything else of substance. But that substances, too—the things that are without
qualification—come to be from some underlying thing, will appear on examination. For there is always something that
underlies, from which proceeds that which comes to be; for instance, plants and animals from seed.” The passage does
not state the substratum thesis quite as clearly as it might, because it does not expressly say that the subject “from which”
a thing comes will endure in the new thing. Although translating !"#Œ$')$*#* literally, by “something underlying,”
seems to suggest as much, the word might also be rendered by “subject,” which removes the implication. And the
concluding example, of seeds becoming plants and animals, does not seem to support the substratum doctrine. Averroes,
however, goes to some length to show that the case of a seed becoming a living thing points toward an enduring
substratum just as much as does the case of a white thing becoming black (In Phys. I.62, f. 18rb). See also Gen. et Cor. II.1
329a24–b3 and Physics I.9 192a29–34 (discussed in }2.5).

7 For more information on Pererius, see Blum, “Benedictus Pererius.”
8 Gassendi appeals to the ex nihilo principle as follows: “Caeterum et quia Materia in rerum successione et

generationum corruptionumque serie, est semper omni forma prior, omni forma posterior, tamquam praevia, socia,
et superstes cuilibet formae, sumpta exinde fuit Effati illius occasio, quod Satyricus expressit illo carmine, De nihilo nihil,
in nihilum nil posse reverti” (Syntagma II.I.3.1, I:232ab). He goes on to cite Aristotle’s appeal to it, and then Epicurus’s, and
then at great length, Lucretius’s. See also Syntagma II.1.3.5 (I:259b): “Cum natura nihil ex nihilo faciat, redigatve in
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What exactly is the argument? The ex nihilo principle is subject to various interpreta-
tions, some of which are too weak to yield the substratum thesis, and some of which
are too strong to be plausibly defended. As ordinarily understood—what I will call its
weak reading—the principle requires a thing to be brought into existence through some
preexisting materials. To do otherwise, to make something where before there was
nothing, is what (speaking strictly) is called creation. Only God can do that (or do its
contrary, annihilation). Yet even if we accept that creation, so defined, is not naturally
possible, this by itself will not get us the substratum thesis. To rule out my making
bread ex nihilo implies only that I need certain ingredients. I cannot make bread out
of nothing and moreover, as Pererius implies above, I cannot make bread out of just
anything—I need “certain, definite” ingredients. Still, this weak reading of the ex nihilo
doctrine does not yield the substratum thesis, because it does not imply that those
ingredients (or any part of them) must themselves endure through the baking process,
and continue to exist in the final product. (I assume that ordinary language is neutral on
the question of whether an ingredient continues to exist within the final product.) To get
the endurance result, we need a stronger reading of the ex nihilo doctrine. Perhaps the
doctrine requires not just that there be some preexisting ingredients (any old ingredi-
ents); perhaps it requires the very ingredients that constitute the thing generated.
But this is liable to be too strong. Aristotle, for instance, had speculated (Phys. I.4,
187a27–b7) that this sort of understanding of the ex nihilo principle is what led
Anaxagoras to the strange view that anything generated must have already preexisted
in the constituent materials. For Anaxagoras there would be bread—perhaps too small
to be seen—in the ingredients used to bake the bread, and so on, for everything that
there is. Surely this is not how we want to understand the ex nihilo doctrine.
What we want, of course, is the idea that something of the final product must have

been in the ingredients—not the bread itself, but something underlying the bread which
also underlay the ingredients. This is what Pererius is gesturing toward when he
remarks that “everything is made out of (ex) something, and from (ab) something,
and is made [to be] something.” Although the passage might be clearer (it alludes to an
important text on this subject from Aristotle [Meta. VII.8, 1033a24–27]), the idea seems
reasonably clear: that there must be ingredients, and something from those ingredients
must be a constituent in what is made, and the thing made will (in part) be what the
ingredients (in part) were. This strong ex nihilo principle does yield the substratum
thesis. But we still have not seen anything like an argument for either principle.
In general, it is easy to find authors appealing to the ex nihilo principle in defense
of prime matter, but hard to find anyone who spells things out. In other cases, we will
see how bedrock scholastic theses that were taken for granted by early scholastic
authors are subsequently given a more sustained defense later on, as the opposition

nihilum, oportet quidpiam superesse in Concretionum dissolutione quod inexsolubile, intransmutabileque sit.” Dio-
genes Laertius’s Lives—the most important source during the latter part of our period for information on ancient
atomism—ascribes the ex nihilo principle not just to Epicurus (X.38–9) but also to Democritus (IX.44).
For other appeals to the ex nihilo principle as the grounds for the substratum thesis see Coimbra, In Phys. I.9.1.1, arg.

2 (p. 150); Eustachius a Sancto Paulo, Summa III.1.1.2.2 (II:120); Albert of Saxony, In Phys. I.14 obj. 1 (p. 190): “si non
[possibile sit aliquid fieri de novo, nullo subiecto praesupposito], hoc maxime esset propter hoc quod ex nihilo nihil fit”;
pseudo-Marsilius of Inghen, In Phys. I.17. Magnen puts the ex nihilo principle first among a long list of principles: “Ex
nihilo nihil fit: hoc est, agentia naturalia exigunt subjectum ut agant, et materiam circa quam versentur” (Democritus
reviviscens disp. 1, pp. 54–5).
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to scholasticism grew. But because the doctrine of prime matter was never challenged,
it rarely received a sustained defense.

2.3. Arguments for the Ex nihilo Principle

One of the most thorough discussions of the substratum thesis comes near the start of
our period, in Ockham’s brilliant Summula philosophiae naturalis (c.1320). The very first
question of Book I asks how it can be established that form and matter compose natural
bodies. He offers in effect the same argument as Pererius above, fleshed out over
twenty-five lines so as to establish that the enduring thing (call it ‘matter’) must be only
a part of the thing generated, and that therefore there must also be something new
in the thing generated (call it ‘form’). But then—and this is the sort of thing that makes
the book brilliant—Ockham immediately adds:

This argument is based on the principle ex nihilo nihil fit, which the philosophers held to be a
principle granted by everyone and on that basis to be known. For this reason no philosopher
insisted on a proof of it. Yet this not withstanding, I will show dialectically (persuadebo) that
nothing is made from nothing. (I.1, Opera phil. VI:156–7)

In setting out to give a merely dialectical argument, he takes for granted that the
principle cannot be proved demonstratively (that is, from necessary first principles,
showing the reason why it is true). Instead, he will show that the principle is almost
certainly true, by appealing to experience. But before offering his argument, he makes a
crucial clarifying remark about what exactly the principle means:

Something is said to be made ex nihilo when some necessary effect presupposes nothing as a
part or a subject of that effect—no matter how much it presupposes something as an efficient
cause. (I.1, VI:157)

So the ex nihilo doctrine does not rule out a thing’s having an efficient cause—
obviously, since otherwise not even God could make something ex nihilo. But it rules
out more than a lack of ingredients, as on the weak reading of the principle; it further
rules out the case where those ingredients do not constitute a “part or subject” of the
thing generated. No wonder, then, that Ockham stresses that the argument for prime
matter (via the substratum thesis) is grounded on the ex nihilo principle. On his strong
reading of that principle, it turns out to be equivalent to the substratum thesis. And so
no wonder, too, that others would appeal to the ex nihilo principle in arguing for
the substratum thesis without offering any account of how the entailment goes. The
one principle entails the other because they are the same principle.9

Before looking at Ockham’s rather subtle argument from experience for the ex nihilo
principle, and so for the substratum thesis, we might consider a much more straight-
forward argument from experience. This argument makes the simple inductive claim
that we always see new things being composed of preexisting matter; therefore we can

9 Ockham is quite clear on the identity between the substratum thesis and the ex nihilo principle, remarking: “Probare
igitur quod nihil potest fieri nisi aliquid ei praesupponatur tamquam pars vel subiectum eius, est probare quod ex nihilo
nihil fit” (Summula I.1, Opera phil. VI:157). For a very detailed analysis of the different senses of the ex nihilo principle, see
Buridan, In Phys. I.15 (f. 18v).
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conclude that this principle holds universally. Such an argument for the substratum
thesis was commonplace, but it is given a particularly striking formulation by John
Buridan, lecturing in the mid-fourteenth century:

The second conclusion is that it is necessary for everything that is naturally made to be made
from a preceding subject or in a preceding subject (for a form is not made integrally from a
preceding subject but rather in it). Yet I do not believe that this conclusion is demonstrable, but
merely declarable through an induction in which no counter-instance is found. This is how
Aristotle proves that conclusion . . . (In Phys. I.15, f. 18vb)

Like Ockham, then, Buridan thinks no demonstration of the substratum thesis is
possible. But Buridan’s discussion is particularly interesting because he thinks the best
we can do is a simple induction from our experience of change. He thinks that this is
how Aristotle argues (at Phys. I.7, 190a33–b11), and he thinks that in general this is the
method of reasoning one must use in the natural sciences. Thus he immediately
continues:

and such induction should be regarded as a principle of natural science. For otherwise you could
not prove that every fire is hot, that all rhubarb is purgative of bile, that every magnet attracts
iron. 3Such inductions are not demonstrations, because they do not conclude on account of their
form, since it is not possible to make an induction from all cases. . . . Through such an induction
the intellect, if it does not see a counter-instance or counter-argument, is compelled by its
natural inclination 6to the truth to concede the universal proposition. Moreover, he who is not
willing to grant such declarations in the natural and moral sciences is not worthy to play a
significant role in them. (Ibid.)

Inductive arguments are not formally valid (lines 3–4), but they play a critical role in the
natural science. Why should we accept them? Buridan’s interesting answer is that
(a) science would collapse without them, and (b) the intellect is “compelled” (cogitur)
to accept them. He goes out of his way to make these claims about induction for two
reasons. First, he is concerned with the claims of a skeptical movement in Paris,
championed especially by Nicholas of Autrecourt (esp. }28.2), that rejected large swaths
of Aristotelian doctrine on the grounds that it could not be proved. Second, Buridan’s
position here is rather delicate. He wants to claim that the substratum thesis cannot be
demonstrated, and at the same time he wants to show that we have good reasons
to endorse the thesis, but without going too far and showing that it is absolutely
impossible for a thing to be made ex nihilo. Aristotle and Averroes did take that further
step, and argue that creation ex nihilo is impossible, even for God, and that hence the
world has always existed (Phys. VIII.1–2). As a Christian, teaching in a Christian
university, Buridan is obliged to teach in accord with the faith, and so restrict the
substratum thesis to cases of natural change. Hence he needs to stress that the inductive
method is a principle of “natural science,” thereby leaving room for his conclusion that
the ex nihilo principle can be violated by God.
We might question the prospects for this sort of partial generalization, one that

makes an induction from observed cases in order to reach a conclusion that holds
generally (in natural cases) but not universally (inasmuch as it allows supernatural
exceptions). For now, however, I want to consider a more basic assumption that
Buridan makes: that we are in a realm where observation can play any role at all.
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He takes it as a given that we can observe, at least in some cases of substantial change,
that the substratum thesis holds. In fact, however, this is surely a case where observa-
tion offers no help at all. What we see occurring, through substantial change, is some
amount of sensible continuity: more-or-less the same bulk, with more-or-less the
same sensible qualities, seems to endure. But it is a further substantive step, a step
that requires metaphysical rather than empirical argument, to show that these constant
appearances are supported by some ongoing substratum. An enduring subject of
change is simply never observed.

Zabarella, recognizing this point, would later propose a somewhat more sophisticat-
ed inductive argument. He acknowledges that in cases of substantial change we never
observe an enduring substratum. So the inductive argument we have to make (and that
he finds Aristotle making in Phys. I) goes from SA to SGC—that is, from there being an
enduring subject of accidental change to there being an enduring subject of substantial
change:

We see that wax goes from being without [a certain] shape to taking on a shape, and that water
goes from being cold to being made hot. The subject of the generation of air from water is not
likewise apparent, since it is insensible and hidden. Instead, the water seems entirely to pass
away, and the whole substance of the air seems to be generated from no preexisting matter. So
Aristotle, from the case of accidental change, led us to recognize that the same is the case for
substantial generation. (De rebus nat., Prima materia I.3, col. 136)

The inductive move here is rather dubious: why should we think that the case of
accidental change shows anything about the need for a substratum in substantial
change? Zabarella is well aware of the difficulties; he characterizes the argument as
“a weak dialectical proof.” Again, however, there is a more fundamental worry about
whether the issue admits of any empirical treatment. Although Zabarella is quite clear
that instances of SGC cannot be observed—indeed he overstates the case by claiming
(lines 3–4) that we seem to observe the contrary of SGC—he still assumes that we can
observe instances of SA. Strictly speaking, however, even this much is not subject
to observation. What we observe, in cases of accidental change, is an ongoing continui-
ty in sensible qualities, together with some discontinuity in sensible qualities—for
instance, a soft, warm, pale yellowish mass of stuff takes on a rounded shape. We
customarily give a name—say, wax—to that mass, and think of it as enduring. But
although we have been assuming for the sake of argument that there are such enduring
substances, and stipulated that ‘alteration’ refers to any change made to an enduring
substance, we in fact never observe that such alteration actually occurs. This is a
metaphysical claim, and requires metaphysical argumentation (see Chs. 7, 18, 28–30).
Hence even Zabarella’s more careful inductive argument fails.10

10 For other examples of Buridan’s brand of straightforward inductive argument for the substratum thesis, see
Eustachius, Summa III.1.1.2.2 (II:120), pseudo-Marsilius of Inghen, In Phys. I.17 (f. 16vb), and Albert of Saxony, In Phys.
I.14 (pp. 197–8). Albert’s discussion contains remarks on induction that are very similar to Buridan’s. The complaint that
induction would be a valid form of argument only if it could, impossibly, be based on observation of every case, would
be restated in the seventeenth century as a criticism of Aristotelian method by Gassendi, Exercitationes II.5.5. Pseudo-
Marsilius, like Buridan, stresses that we can have no demonstrative knowledge of prime matter: “Tertia conclusio: quod
nullus processus quo devenimus in notitiam primae materiae est demonstrativus. Patet quia non potest demonstrari quin
omnia fuissent ab aeterno, vel etiam quin omnia generentur secundum se tota” (In Phys. I.20, f. 19rb). Zabarella’s
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Since this is an issue we will encounter repeatedly in the chapters ahead, it bears
emphasis here. Questions of identity over time—whether a thing endures, or is suc-
ceeded in time by something new and perhaps qualitatively quite similar—are meta-
physical questions that can never be decisively settled by observation. One might, in an
anti-metaphysical mood, decide that observation is our best guide to these matters.
Perhaps, but in that case the point to make is that our evidence about identity over
time is, in Zabarella’s words, weakly dialectical rather than demonstrative. This is true
not just formatter and substance, but even for the sensible qualities themselves.Wemay
observe continuity in a sensible quality, such as a color, but whether in fact we are
observing the same enduring quality, or a sequence of numerically distinct qualities, is
not a question that can be settled by observation. We do not have to wait until Hume
to see this last point made explicit. One of the liveliest areas of scholastic dispute, with
regard to identity over time, concerns whether the accidental forms of a substance
endure through its corruption. It was often argued that, even if the dog corpse seems
to have the same color and feel as the living dog did, in fact none of the dog’s accidental
forms endure beyond its death. The sensible qualities of the dog corpse may be exactly
like those of the living dog, but they are not numerically the same (}6.3 and }25.3).
In general, then, it is vital to distinguish empirical questions frommetaphysical questions.
This is especially vital when discussing scholastic philosophy, because one of the
most distinct features of the period—especially in contrast with the corpuscularianism
of the seventeenth century—is its commitment to metaphysical arguments that go
beyond the strictly empirical evidence. To conflate these is to take the first step toward
dismissing scholastic philosophy.
If observation misleads even in the question of whether sensible qualities endure,

then it can hardly be a guide to the more obscure case of an enduring material
substratum. We need a better argument, then, in support of the strong ex nihilo
principle and the equivalent substratum thesis. Let us return to Ockham. His argument
begins by distinguishing between accidental change and substantial change, and de-
scribes the latter as a case where one thing is made through the destruction of
something else. The question then is whether or not something of the thing destroyed
remains in what is generated:

Either (i) that which is destroyed is totally destroyed, so that nothing of it remains in the
generated fire, or (ii) something from it remains in the generated fire (which is what one has to
say if it 3remains, since it cannot remain anywhere else).

If one says the second [! ii], that something remains in the generated fire, then it is certain
that what remains is not the fire itself, for then that fire would exist before its generation.
Therefore 6it is part of the fire, and we have the intended conclusion, that the generated fire
presupposes something as a part.

If, on the other hand, nothing of what is destroyed remains [! i], then the fire could have
been made 9regardless of whether the other thing was or was not destroyed. The opposite of this
is clear from experience. Proof of the inference [at lines 8–9]: every effect can sufficiently be
made by its causes when they are disposed in the proper way and brought close and there is no
intervening 12impediment nor any stronger countervailing agent. But the thing’s being destroyed

discussion of the inductive argument for the substratum thesis particularly stresses that it is a posteriori in the Aristotelian
sense of arguing from effects, “absque ulla ex natura rei ducta ratione.”
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is not, according to you, a cause of the fire’s being produced, nor is there an intervening
impediment, nor a stronger countervailing agent. Therefore it can be made regardless of
whether the thing was 15or was not destroyed—which appears false to the senses. (Summula I.1,
Opera phil. VI:157–8)

The last paragraph is the critical part. Here Ockhammakes the inference (lines 8–9) that
the denial of the substratum thesis leads to the false result that when a thing is
generated from certain ingredients, those ingredients might just as well survive apart
from the thing that has been made. Ockham regards this whole proof as merely
dialectical because he has no way of proving that this is a false result, other than by
appealing to our everyday experience. But if this is indeed the weakest link, then we will
surely want to accept the argument. After all, it seems an obvious dictate of experience
that when I make bread, the eggs and flour cannot survive—unless they survive within
the bread, which is of course the result Ockham is after (at the level of prime matter).
Consuming the ingredients is utterly necessary for making the bread. So here, for
a change, is an argument where the experiential data does seem relevant to the
intended metaphysical conclusion.

The crucial inference of lines 8–9 is equivalent to the following claim: that to explain
why there are no ingredients left over after a thing is made one must postulate that
those ingredients endure as the substratum of the newly made thing. Ockham’s proof
of this claim (lines 10–15) rests on a brief analysis of causation, where ‘cause’ is
understood in a broad Aristotelian sense. Suppose we grant, as it seems we must,
that the ingredients are among the causes that must be “disposed in the proper way”
and “brought close” (line 11). According to the substratum thesis, those ingredients
continue to exist within the new effect. If one denies that, and holds instead that the
ingredients go out of existence, then one needs some account of why this must be.
Their destruction looks, absurdly, like a further and quite unnecessary step in the causal
process, since Ockham’s opponent (“you” at line 13) must grant that the ingredients’
destruction is not itself a cause. Why not, then, just skip the step where the eggs and
flour are destroyed? It looks as if the opponent of the substratum thesis could have his
bread and keep his eggs and flour too, baking loaf after loaf without ever needing to buy
more ingredients. The only way Ockham sees to avoid this absurd result is to insist that
the eggs and flour (or, to be precise, the prime matter beneath the eggs and flour)
endures as the bread’s substratum.

It seems to me this argument has a certain intuitive pull, but might nevertheless be
evaded by a determined opponent. To be sure, it is not possible to make bread without
somehow using the ingredients. But it still seems an open question whether we should
think of any of those ingredients as persisting within the bread, or whether they might
instead all be destroyed (all the way down to the most basic material level) when the
bread comes into existence. If we postulate such complete discontinuity, then Ockham
is quite right to demand some account of why the ingredients have to be destroyed. But
perhaps this is just a brute law: that the making of one thing requires the destruction of
the ingredients. This seems no more unmotivated or mysterious than the substratum
thesis itself, which simply sets forth a different sort of brute law. In answer to Ockham’s
argument, then, we would say that although the destruction of the ingredients does not
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play a causal role in the generation of the effect, it is a necessary side-effect of the
process.
Yet even if Ockham’s argument is not decisive, arguments of this general form seem

to have been widely accepted by later scholastic authors. Almost no one seems to think
it possible that the ingredients might play a causal role and yet be wholly destroyed
during the process of generation.11 Some authors suggest that the most the ingredients’
destruction could accomplish would be to open up empty space for the new substance
to squeeze into. (Suárez wryly remarks that, if that were their only role, they might
instead just move out of the way.)12 The force of the intuition that the ingredients must
partly endure is indeed so strong that it seems there must be some deeper motivation
here. This deeper motivation can be found, I believe, in an argument that goes back
to John Duns Scotus.

2.4. The Causal Simultaneity Argument: Scotus

Scotus is one of those rare philosophers whose principal achievement lies not in
proposing novel theories but rather in offering deep and original arguments for
common theories. In his Lectura (circa 1298), Scotus sets out to prove the existence of
prime matter in the usual way, by invoking the Aristotelian idea of a substratum for
change. But Scotus immediately introduces an objection of the sort we have been
considering here: that the ingredients in substantial change might play a role in bringing
about a new substance, but then wholly go out of existence at the instant of change. In
reply, Scotus exploits the temporal details of the situation to argue that what has been
destroyed cannot play a causal role:

On the contrary, that which is to be corrupted is prior to the generated things’ being made—
prior both in origin and execution. Therefore if, at that instant at which the agent generates,
nothing of what is corrupted remains, then the agent presupposes nothing for its action. But

11 I have found only a few instances of anything like dissent from the substratum thesis and the ex nihilo principle.
First, Averroes speaks of “moderni” who hold that “generatio fuit ex non ente” (In Phys. I.60, f. 17vb). He regards this as
so incredible, though, that it leads him into a discussion of how people can become accustomed to say or do almost
anything, no matter how self-evidently wrong or bad, if they are set a bad enough example. He seems to despair of
breaking this habit in any way other than by frequently repeating the correct view of the matter. I do not know who
these “moderni” are.

Second, according to Cross (Physics of Duns Scotus p. 259), William of Ware accepts the substratum thesis, but only on
the basis of faith. As far as natural reason can show, it might be possible for creatures to create—that is, to bring a thing
into existence ex nihilo. Ware, that is to say, evidently questions more than the substratum thesis: he questions whether
any prior ingredients are necessary at all. And he goes beyond merely claiming there are no demonstrative arguments for
substratum. Evidently, he thinks there are not even effective dialectical arguments. (Scotus recites Ware’s view at Ord.
IV.1.1 n. 27; the Wadding edition cites Ware, Sent. II.1.6, which exists only in manuscript, and which I have not
consulted.)

Third, and most explicitly, Nathanael Carpenter holds the contrary of the substratum thesis, contending that “omnia
fiunt ex nihilo” (Phil. libera I.4). He defends this claim at some length against what he describes as the “opinio communis”
that things arise ex nihilo only if created by God. His most telling argument observes that if there is something that
remains through substantial change, then the enduring substratum would overlap with the newly generated thing, and
“sic haberet duas distinctas essentias, et sic una res esset duae res, quod absurdum” (p. 77). In effect, this sort of objection
to an enduring substratum just is an objection to scholastic metaphysical parts, which precisely require treating one thing
as a composite of multiple overlapping things.

12 For the idea that wholly destroyed ingredients might do nothing more than open up new space, see Albert of
Saxony, In Phys. I.14 (p. 194); pseudo-Marsilius, In Phys. I.17 (f. 16va); Suárez, Disp. meta. 13.1.6.
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since that action is its entirely complete action, it follows that the agent, by its entirely complete
action, will generate ex nihilo. (Lectura II.12 n. 13)

Scotus’s language is not as clear as it might be, but his point is tolerably clear (and gets
further clarified over the following three paragraphs of the text). When one thing is
corrupted and another is generated, the corruption comes first: there is no temporal
overlap. But now consider the instant of generation. That which is corrupted is, ex
hypothesi, no longer around at all. So the agent that brings about the new substance
cannot be relying on those corrupted ingredients, because the ingredients are not there.
And it is not as if one can say that the agent does not need those ingredients now, but
needed them earlier. For now is the moment that counts; this is the moment where
the new substance comes into existence, where the agent’s “entirely complete action”
(line 4) is taking place. So if the agent does not need those ingredients now, it never
needs those ingredients. As Scotus puts it two paragraphs later, “the agent according
to you has the whole effect within its own active power, because it presupposes nothing
of that [corrupted thing] at the instant of generation.”13

This strikes me as a powerful argument in favor of the substratum thesis, provided
one is willing to grant the crucial but unstated assumption: that causal relata must be
contemporaneous. What Scotus requires here, for the argument to go through, is that a
can be the immediate cause of b’s coming to exist at some instant only if a also exists at

13 Here is the surrounding context to Scotus’smain argument, as quoted in themain text. First Scotus raises an objection
(n. 12): “Ad hanc rationem dicitur a quibusdam quod agens naturale agit in passum corrumpendum, et illud passum
corrumpendum praesupponit in quod agat; sed in instanti corruptionis non praesupponit, sed tunc totum vertitur in totum,
ex I De generatione [317a22].” He then makes the reply translated in the main text (n. 13): “Contra: prius naturaliter est
corrumpendum quam genitum fiat, et prius in originando et exsequendo; igitur si in isto instanti nihil corrumpendi manet
in quo generans generat, nihil praesupponet suae actioni; et cum illa actio sit actio sua perfectissima, sequitur quod actione
sua perfectissima generans generabit ex nihilo, quod est contra propositionem acceptam quod ‘omne agens naturale
praesupponit passum in quod agat.’ ” He then considers the reply to this that generation ex nihilo can mean either from
nothing at all, or from ingredients that are wholly destroyed, and that only the first is naturally impossible (n. 14). To this he
replies (n. 15): “Contra: agens quod habet in virtute sua totum effectum, non minus potest producere amoto quocumque
quo posito magis debilitatur virtus eius quam fortificetur; sed per te generans habet in virtute sua activa totum effectum,
quia nihil eius praesupponit in instanti generationis. . . .” He then goes on to show that if the agent already has its complete
causal efficacy at that instant, without the ingredients, then it would be counterproductive (“debilitating” rather than
“fortifying”) for those ingredients to have been destroyed. Very similar but less well developed discussions can be found in
Rep. II.12 n. 3 and In Meta. VII.5 n. 9, where ‘non’ should be omitted from the first sentence. The Ordinatio as printed in the
modern critical edition does not include distinction 12 of book two.

Ockham’s argument in Summula I.1 looks very much like a crisper and clearer version of Scotus’s, but with the crucial
temporal component omitted. It is easy to believe that Ockham got the basic argument from Scotus, but hard to see how
he could have left out the most important bit. Intriguingly, though, the version of Scotus’s argument printed in the old
edition of Ordinatio II.12.1 (Wadding VI.2:665) does for some reason omit the temporal element, and instead tries to run
the argument without any appeal to the instant of generation. It is tempting, then, to suppose that Ockham’s source for
the argument was this version of Scotus’s Sentences lectures.

Gregory of Rimini argues along lines similar to Ockham’s, and also seems simply to take for granted that the
ingredients cannot be a cause. He offers the barest hint of the crucial temporal component of the argument, remarking
“esto quod lignum quod fuit corruptum, quando ignis ille fuit genitus, non fuisset ibi, adhuc [istud generans] sufficiens
fuisset producere illum ignem. Nam constat quod illud lignum non fuit causa efficiens nec totalis nec partialis huius
ignis . . .” (Sent. II.12.1, V:248). The highlighted ibi clause is temporal: the wood does not exist at the time when the fire is
produced. In the seventeenth century, the argument appears in Dabillon, Physique I.3.1, p. 97: “et si le bois perit tout à fait
lors que le feu est engendré, il ne contribue aucunement à sa production. Pourquoi donc le feu ne se fait il pas aussi bien
du marbre que du bois?”

Walter Chatton, Rep. II.12.1 (III:283) states the argument more clearly than Scotus, albeit briefly, but presumably
Scotus is his source: “Teneo tamen conclusionem communem quod materia est in entibus. Et probo persuadendo, quia
efficaciter probari non potest, ut dixi. . . . Item, causa realis pro illo [instanti] quo causat, est; sed effectus causatur a passo
in instanti quo capit esse, et hoc causatione reali; ergo non praecorrumpitur productioni effectus.”
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that instant. This is why Scotus insists that the thing corrupted is prior to the thing
generated, and no longer exists at the instant of generation. If it is indeed completely
non-existent at that instant, and if causation requires temporal overlap, then the
ingredients cannot play any direct causal role. But it seems implausible to think that
the ingredients play some sort of prior, indirect role in the process, before their
corruption. Hence the denial of the substratum thesis entails the seemingly absurd
consequence that one never makes something new out of prior ingredients. All
generation would be ex nihilo in the strong sense of being literally from nothing.
The causal simultaneity thesis looks intuitively plausible, although of course it might

be (and has been) questioned. The thesis does come up for sporadic treatment among
scholastic authors, but I know of no satisfying treatments of the subject.14 Still,
although this discussion has to stop where its sources run out, we can see a kind of
satisfying coherence in how things stand. A plausible defense of the substratum thesis
can be mounted if one postulates at the start a certain minimal amount of overlap: the
temporal overlapping of cause and effect. Unsurprisingly, to get a result, such as the
substratum thesis, that makes a claim about temporal overlap, it helps to build some
kind of overlap requirement into the premises. One still needs a few more non-trivial
assumptions: in particular, that nothing can be made naturally without some kind of
raw material, and that such raw material is a kind of cause of the new thing that is
made. Moreover, Scotus’s argument leaves untouched the character of this enduring
raw material. Still, this is the best argument I have found for believing in an enduring
substratum for change.

2.5. The Conservation Thesis

The substratum thesis seems to tells us only that, for any given natural change, there
must be some enduring subject. Perhaps there is a different subject for different kinds of
changes, and perhaps what endures through one kind of change will be corrupted by
another kind. The conservation thesis seems to add something more to this picture:
that there is a single, most basic substrate that endures through every material change,
something we call prime matter. In fact, however, given a couple of very weak
assumptions, the substratum thesis entails conservation. Aristotle long ago proved
this, and scholastic authors commonly rehearse the argument. Suppose, contrary to
conservation, that our best candidate for prime matter (call it M1) naturally came into
existence anew. Then, by the substratum thesis, there would have to be some preexist-
ing subject (call it M2) out of which prime matter came, and which endures as the
subject of M1. M2 cannot be M1, since ex hypothesiM1 newly exists. Hence M2 must be a
part of M1. But in that case M1 is not the best candidate for prime matter after all; M2 is a

14 Scotus argues for the simultaneity of cause and effect at In Meta. V.2, but I cannot see that the discussion makes
much progress. Oresme’s discussion at In Phys. II.8 is more worthwhile. It is worth keeping in mind that, to be effective
in the present context, the causal simultaneity thesis must extend beyond efficient causality, to cover material causality as
well. Would it extend to final causality? That may seem unlikely, given the nature of final causes, but there was a lively
scholastic dispute over the proper understanding of final causes, and on some accounts simultaneity would hold even
there. See Pasnau, “Final Causes.” The topic of causal simultaneity comes up again in }18.3 below, where Wyclif argues
against the thesis.
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better candidate. Could M2 itself have previously come into existence through some
natural process? Perhaps, but then we can run the argument again, and at some point
we will arrive at the permanent substratum, Mn, which is the real prime matter. An
analogous argument holds for the possibility of prime matter’s going out of existence.
Hence, given the substratum thesis, it is incoherent to reject the conservation thesis.
The argument does make a couple of assumptions, unstated by Aristotle, that are
familiar from other sorts of foundation-seeking arguments: (a) there can be no infinite
regress of underlying subjects; (b) underlying subjects cannot run in a circle, level-wise,
such that, for instance, M2 is the substratum for M1 and M1 the substratum for M2. With
these assumptions in place, the argument is decisive.15

Conservation obviously entails the substratum thesis—or at least it does so within
the material realm. The standard, although not universal, assumption of our period is
that there are aspects of the created world that do not contain prime matter, and so are
immaterial (Ch. 16). But since such entities—angels and rational souls—are not subject
to generation and corruption, they are not relevant here anyway. In general, moreover,
the two theses must be limited to cases of natural change. Conservation does not
preclude matter’s being divinely created or annihilated, and the substratum thesis does
not apply to creation and annihilation. Authors from our four centuries unanimously
endorse the Christian doctrine that matter was created by God, before which time there
was no material world at all. Given these restrictions, however, and a few plausible
assumptions, the substratum and conservation theses are mutually entailing.

Despite the fact that the conservation thesis can be derived from the substratum
thesis, authors often seem to be committed to conservation in its own right, as if it were
self-evident. This is particularly clear in seventeenth-century authors, who eagerly
endorse the thesis quite apart from its Aristotelian framework. The idea appears in
the earliest corpuscularian philosophers, such as Nicholas Hill’s Philosophia Epicurea
Democritiana (1601), which holds that “there is no multiplication of matter,” just the
continual rearrangement of the primary stuff (n. 504). (The obscurity of Hill’s book
inspired Mersenne to remark that “one would have to transcribe it, if one wanted to
convey its reveries” [L’impieté ch. 10, p. 239].) The doomed Giulio Cesare Vanini
(executed for heresy in 1619) insisted on a similar point: “If celestial matter is unchange-
able, our matter too of its essence is perpetual and immutable. For it itself is never

15 Aristotle’s argument from substratum to conservation is at Physics I.9 192a29–34: “If matter came to be, something
must have existed as a primary subject from which it should come and which should persist in it; but this is its own very
nature, so that it will be before coming to be. (For I call matter the primary subject of each thing, from which it comes to
be, and which persists in it, not accidentally.) On the other hand, if matter ceases to be it will ultimately pass into that
[primary subject], so that it will have ceased to be before ceasing to be.” Surprisingly, Irwin and Fine go out of their way
to remark in a footnote to this passage that it establishes only the substratum and not the conservation thesis. In their
words, “it does not show that there is some matter that never comes to be or perishes” (Aristotle, Selections p. 94n). It
seems to me clear, though, that the passage establishes precisely that, and moreover shows that Aristotle is unambigu-
ously committed to the substratum thesis.

Use of the argument is commonplace among scholastic authors, sometimes being ascribed to Aristotle and sometimes
not. Ockham ascribes it to Aristotle at Summula I.11 (VI:187) and In Phys. I.18.7 (IV:205–6), and Aquinas’s commentary
likewise spells it out clearly (In Phys. I.15.139). Suárez rehearses the argument (Disp. meta. 13.1.4), without crediting it to
Aristotle. Magnen, too, appeals to it, in showing that the ingenerability and incorruptibility of prime matter follows from
its status as the first subject of any body (Democritus reviviscens, p. 59). For an example of someone questioning the no-
circularity assumption, see D. C. Williams, “Form and Matter” pp. 514–15, who claims that matter can be the substratum
for form, and form the substratum for matter. But Williams rejects the substratum thesis quite generally.
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corrupted, but rather what is made from it is corrupted” (Amphitheatrum exerc. 5,
p. 26).16 Seventeenth-century authors were encouraged in these pronouncements by
the renewed attention that Epicurus’s writings were receiving (}5.2). His two most
basic physical doctrines were the ex nihilo principle—“nothing comes into being out of
what is not”—and a very strong version of the conservation principle: “the totality
of things was always such as it is now, and always will be.” Gassendi had highlighted
these ideas, and they come to be a commonplace of seventeenth-century thought.17

Authors who defend the conservation thesis often claim in the same breath that
prime matter is completely inalterable. This is a further claim, which I will set aside.
Focusing solely on conservation, we might consider how Hobbes tries to defend it,
independently of the substratum thesis. Hobbes treats conservation as a conceptual
truth, in the sense that he takes its denial to be inconceivable:

When we say that an animal, a tree, or any other named body is generated or destroyed, even
though these are bodies, it should not be thought that a body has been made from non-body, or
non-body from 3body, but a non-animal from an animal, a non-tree from a tree, and so forth.
That is, those accidents on account of which we name one thing an animal, another a tree, and
another something else are generated and destroyed, and consequently those names that
applied to them 6before no longer apply. But that magnitude on account of which we name
something a body is neither generated nor destroyed. For even if we can feign in our mind that a
point swells up to a huge bulk and then contracts down to a point—this is to imagine some-
thing’s being made 9from nothing (ex nihilo), and nothing’s being made from something—still we
cannot comprehend with our mind how this could be done in nature. And therefore philoso-
phers, not permitted to abandon natural reason, suppose that a body can neither be generated
nor destroyed, but 12only appear to us in one way and then another, under different images, and
consequently be named in one way and then another. Thus what is now called a human being is
later called non-human, but what is now called a body should not later be called a non-body. It is
clear, however, that 15all other accidents beyond magnitude or extension can be generated and
destroyed. When a white thing is made black, for instance, the whiteness that existed no longer
exists, and a blackness that did not exist is produced. Therefore bodies and the accidents under
which they variously appear 18have this difference: that bodies are things, and not generated,
whereas accidents are generated, but are not things. (De corpore 8.20)

16 Here are some of Hill’s statements in favor of the conservation thesis: “Materia prima hylaea, physica, est prima
hypostasis passive . . . ” (Philosophia n. 29); “Prima corpuscula sunt vere solida, impenetrabilis, inalterabilia, multiformis,
divinae actioni in natura terminos ponentia” (n. 116); “Nec materiae, nec formae substantialis aliqua est multiplicatio;
generatio vero nihil est aliud quam anaxagorica homogeneorum collectio, et actuatio ad sensum” (n. 504).

For Vanini, see also De admirandis dialogue 2 (p. 10): “Alex[ander]. At merito, ni fallor, obijciam Coeli materiam nulli
esse corruptioni obnoxiam, nostri vero quam plurimis. I[ulius] C[aesar]. Istud vero pernego, ipsa enim nunquam
corrumpitur, sed id quod ex ipsa fit.”

17 For Epicurus’s commitment to the substratum and conservation theses, see Letter to Herodotus 38–39 [tr. Long and
Sedley, sec. 4A]. For Gassendi’s treatment, see Syntagma II.I.3.1 (I:232–3) and Epicuri Syntagma pt. II sec. 1 chs. 17–18
(pp. 62–7) [tr. Stanley,History pp. 870–1]. The most strident statement of the conservation thesis that I have found occurs
in Charleton, Physiologia II.1.1.9: “ . . . Annihilation and Creation are terms not to be found in the dictionary of nature, but
proper only to omnipotence: nor is there any sober man who does not understand the common material of things to be
constantly the same, through the whole flux of time, or the duration of the world, so as that from the creation therefore
by the fiat of God, no one particle of it can perish, or vanish into nothing, until the total dissolution of nature, by the
same metaphysical power, nor any one particle of new matter be superadded thereto, without miracle. The energy of
Nature is definite and prescribed, nor is she commissioned with any other efficacy than what extends to the molding of
old matter into new figures; and so the noblest attribute we can allow her is that of a translator.”
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Much here needs to be set aside for now. The concluding remark that accidents are not
things (line 19) will be the subject of discussion later (}7.1, }10.2). We must likewise
set aside the suggestion that changes in species are simply nominal changes (}27.5,
}28.4, }29.4). For our purposes, the crucial part of the passage occurs at lines 6–14,
where it is said that “we cannot comprehend” (lines 8–10) how a body could be naturally
generated or destroyed. Even there, more is going on than we can presently handle,
because Hobbes is speaking not of matter but of body, which he takes to include (or
perhaps consist of) magnitude and extension. Hence Hobbes claims not just that a body
cannot come into or go out of existence, but also that it cannot undergo any change in
size. As we will see in Chapter 4, this sort of linkage between body and extension is
common in the seventeenth century, but was generally rejected by scholastic authors,
who thought of extension as an accidental property of a given bit of matter, one that
might be increased or decreased, or perhaps even lost entirely. For present purposes, we
can set aside the fact that most scholastics are talking about prime matter shorn of
extension, whereas Hobbes’s prime matter is body, which has extension. If Hobbes
thinks that bodies cannot undergo change in extension, he thinks a fortiori that bodies
cannot go into or out of existence. This is where Hobbes and scholastic philosophers are
on common ground, and to this extent they each endorse the conservation thesis.

Hobbes thinks the denial of conservation is inconceivable. Evidently, what he really
objects to is the denial of the ex nihilo principle (lines 8–9), which is not surprising given
how tightly bound this principle is to the substratum thesis and so in turn to the
conservation thesis. But we should again ask of Hobbes, as we did of others, why he
insists on this principle. He allows that we might “feign in our mind” (line 9) that there
might be nothing, then some matter swelling up, and then swelling down into nothing
again. What he insists on is that “we cannot comprehend with our mind how this could
be done in nature” (lines 9–10). The point, I take it, is that we might be able to form a
mental image of the ex nihilo principle’s being violated, but that we cannot conceive of
how such a violation could happen. This seems a helpful distinction to draw. In effect,
Hobbes is asking us to distinguish between two sorts of conceivability, one of which
does not track possibility whereas the other does. Let us grant, at least for the sake of
argument, that if we cannot conceive of how something happens, we have at least prima
facie evidence against its being naturally possible. If Hobbes can show that violating the
ex nihilo principle is in this sense inconceivable, he will have made a strong case for the
conservation thesis.18

Is Hobbes entitled to his inconceivability claim? One might think that his case rests
on his austere brand of corpuscularianism (}7.1), according to which the only things

18 Hobbes himself endorses treating extended body, shorn of accidents, as equivalent to prime matter: “Quid ergo est
[materia prima]? Merum nomen; non tamen frustra usurpatum; significat enim corpus considerari sine consideratione
cuiuscumque formae et cuiuscumque accidentis, excepta solummodo magnitudine sive extensione et aptitudine ad
formam et accidenta recipienda; ita ut si quoties opus est uti hac voce, Corpus generaliter sumptum, utamur hac materia
prima recte fecerimus” (De corpore 8.24). See also De mundo 7.2: “idem [primam materiam] agnoscunt Philosophi illi qui
omnia conflari ex atomis putant, nam atomos eas faciunt homogeneas, et solis figuris inter se differentes, tanquam illas
atomos materiam illam unicam esse dicerent, quam Aristoteles vocabat primam.”

Regarding Hobbes’s distinction between mere imagining and conceiving, see his Third Objections, VII:178: “Differ-
entia magna est inter imaginari, hoc est, ideam aliquam habere, et mente concipere, hoc est, ratiocinando colligere rem
aliquam esse, vel rem aliquam existere.” See }16.2 for further discussion of Hobbes’s theory of body, as well as
Leijenhorst, Mechanisation pp. 145–55.
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that exist are bodies and their integral parts. But although this certainly puts Hobbes in
quite different territory, compared to scholastic proponents of the permanence thesis, it
is not clear that this territory is any more hospitable to a defense of the permanence
thesis. After all, corpuscularianism does not, in and of itself, say anything about the
conditions under which bodies endure. It would be quite open to a corpuscularian
account to suppose that everything that exists routinely goes in and out of existence. To
block that sort of view, Hobbes needs some further argument.
So far as I can see, that further argument is simply the brute claim that generation ex

nihilo, as well as corruption in nihilum, are inconceivable. But this, when unsupported
by any further argument, looks plausible only when the ex nihilo principle is given the
weak reading described in }2.2, as the principle that a thing can come into existence
naturally only on the basis of some prior ingredients. It is easy to see how the denial of
that principle might look inconceivable. As stressed earlier, however, the weak princi-
ple does not yield the substratum or conservation theses, because it does not block the
possibility of the ingredients’ being completely destroyed in the process of generation
and replaced by something entirely new. What Hobbes needs is the inconceivability of
this last sort of scenario—that is, he needs to insist on the strong ex nihilo principle. But
it is not at all clear why the denial of that principle is inconceivable.
Hobbes’s attempt to defend the conservation thesis looks rather feeble in comparison

with the best scholastic efforts, like those of Scotus or even Ockham. So far as I can find,
other post-scholastic authors have even less to say in this regard: they treat substratum
and conservation as axiomatic, but without explaining why. This will not be the last
time that we find a surprising amount of agreement running throughout our four
centuries. For although in many respects seventeenth-century thought turns scholastic
philosophy inside-out, that transformation was in part accomplished in just the way the
phrase suggests: by taking familiar conceptual tools and redeploying them. The sub-
stratum and conservation theses were two such tools. It should not be surprising,
moreover, that there was agreement in these particular areas. The doctrine of prime
matter makes its appearance in Aristotle, after all, precisely in order to accommodate
various aspects of Presocratic thought, especially atomism. Given the renewed seven-
teenth-century interest in those ancient ideas (}5.2), it is natural that they would find
some measure of common ground with Aristotelians over the idea of an enduring
substratum of change.
That there is common ground here has important consequences for metaphysics

throughout our period. In endorsing not just the weak ex nihilo principle (that every-
thing comes from something) but also the strong principle (that in everything new,
something of the old must endure), authors have to face the question of just what that
enduring stuff is. The logic of the strong principle, moreover, exerts a constant pressure
toward ascribing a greater and greater reality to the substratum. For when the
substratum thesis is grounded on the idea that the ingredients must endure through
the change, if they are to play a causal role, then it is natural to suppose that quite a lot
of the ingredients must endure: not just some bare, abstract, potential stuff, but
actualized bodies, with extension and qualities of their own. For if the ingredients
that survive are not stuff of a certain kind, then what work are those ingredients doing?
The remainder of Part I will take up this issue of what the substratum of change is, but
the issues spill over into subsequent discussions as well. As we will see in }6.3, the same
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sorts of considerations that lead to postulating an enduring substratum also suggest that
this substratum should be the subject of (at least some) accidents. And once one starts
down that road, it becomes tempting to suppose that the enduring substratum is in fact
the substance—that what exists, most basically, are not dogs and cats and stones, but
the enduring stuff out of which complex aggregates are constituted. Eventually, we will
see this line of thought culminate in the idea that nothing really goes out of existence,
and that generation and corruption are an illusion (Ch. 28). In this way, the substratum
thesis, innocuous as it seems to philosophers throughout our period, in fact contains the
seeds of the ideas that would undermine the commonsense ontology it was initially
intended to preserve.
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3

Theories of Prime Matter

3.1. The Paradox of Pure Potentiality

The general consensus over the need for an enduring substratum through material
change leaves wide open the character of such a substratum. Here I begin to consider
the two rival camps, corpuscular and metaphysical. As one might expect from a topic
as obscure as prime matter, there are a bewildering variety of views—so many, and
so diverse, that it is not easy to draw a firm line distinguishing the metaphysical
scholastic approach from the corpuscular approach characteristic of the seventeenth
century. One of the most intricate and interesting disputes concerns whether prime
matter is extended. This will be the topic of the following chapter. First, we should
consider the issue that lies at the heart of the dispute: the alleged potentiality of
Aristotelian prime matter.
Stock characterizations of Aristotelian prime matter focus on its potentiality for

receiving form. According to Eustachius a Sancto Paulo, author of an elementary
seventeenth-century textbook on scholastic philosophy, “everyone says that prime
matter, considered in itself, is free of all forms and at the same time is open to all
forms—or, that matter is in potentiality to all forms” (Summa III.1.1.2.3, II:120). Franco
Burgersdijk, another seventeenth-century textbook author, offers almost exactly the
same definition: “Matter is free of and open to all forms, and so is called pure
potentiality” (Collegium physicum II.13, p. 21). So much was fairly uncontroversial, but
yet to say anything more was rather difficult. For a somewhat fuller, but still character-
istic treatment, we might look at what seems to be a mid-fourteenth-century Parisian
set of questions on the Physics, published under the name “Johannes Marsilius of
Inghen,” but not in fact authored by Marsilius of Inghen. Pseudo-Marsilius lists
six “conditions” of Aristotelian prime matter (In Phys. I.20):

1. It is pure potentiality.
2. It is cognizable by analogy to form.
3. It is perpetual.
4. It is unformed.
5. It is one in all bodies.
6. It is the principle of every natural change.



These conditions, as pseudo-Marsilius understands them, are general enough to have
been accepted by almost all scholastic authors. Two of them, (3) and (6), plainly hold as
well for corpuscular prime matter, as we saw in the previous chapter, and we can set
them aside here. By (5), pseudo-Marsilius means only that prime matter is the same in
kind everywhere, something that would also be generally accepted by corpuscularian
authors (but see the following section for some complications). Even (2) matches
closely with corpuscularian views, despite its reference to “form,” since the force of
(2) is that prime matter cannot be perceived, and so must be inferred from what can be
perceived. Corpuscularian authors would have to acknowledge the same. (On matter’s
obscurity, see }7.2.) In short—going just by pseudo-Marsilius’s list—the varieties of
prime matter over our four centuries share four characteristics, which we might
abbreviate as their being perpetual, basic, uniform, and hidden. This leaves just (1)
and (4) as candidates for distinguishing metaphysical, scholastic prime matter.1

Pseudo-Marsilius offers various interpretations of both (1) and (4), but he ultimately
arrives at the view that (1) should be understood as making the same claim as (4), that
prime matter is unformed. With this, we are back at the textbook account of prime
matter as “free of and open to all forms.” But what does it mean to be free of form?
According to pseudo-Marsilius, this means “it does not have any form of its own as an
essential part of itself.” William Ockham had reached a similar conclusion, that prime
matter “is in potentiality to all substantial forms, having none that necessarily and
always exists in it” (Summula I.9, VI:179). These formulations go to the heart of
the difference between scholastic prime matter and corpuscular prime matter. For
corpuscularian authors, as we will see below, prime matter always has some sort of
well-defined character. Although thoroughgoing corpuscularians will not speak of forms
inhering by nature in their prime matter, they nevertheless give it certain features, such
as shape and size. Scholastic prime matter is by nature characterless—it is as close to a
bare substratum as one can get while still having a substratum. This brings us right up
against the central paradox of scholastic prime matter. By common consensus, forms
are what give a thing its nature, or more generally its properties and characteristics. Yet,
also by common consensus, prime matter is that which underlies all forms and so is of
itself free of those forms. So how can prime matter be real—that is, how can it exist—
without having some character? Surely nothing can exist without existing in some way
or another.

Scholastic treatments of this paradox must steer between two unacceptable out-
comes. If they give prime matter some kind of character, as it seems they must, then
they face the risk of turning prime matter into the actual substratum of corpuscularian
theory. If, fearing this result, they stress the pure potentiality of prime matter, they then
risk the suggestion that such matter does not actually exist at all—not just because

1 Pseudo-Marsilius describes the unformed character of prime matter as follows: “Secundo modo intelligitur conditio
quod materia prima sit informis—id est, quod non habeat aliquam formam propriam tanquam partem essentialem sui”
(In Phys. I.20; f. 19vb). Compare his almost identical account of what pura potentia means (f. 19ra): “Tertio modo dicitur
ens in pura potentia: non quia non sit presentialiter: sed quia non est actu forma vel formam habens quam sibi determinat
a natura, et isto modo materia prima dicitur ens in pura potentia.” On the question of authorship, see Dewender, “Einige
Bemerkungen.”

Another useful scholastic attempt to characterize prime matter can be found in Johannes Magirus, Physiologia I.2.2,
who lists four “proprietates”: ungenerated, uncorrupted, unformed but suited to be informed, and desiring natural
forms.
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existence is a kind of actuality (a point that might perhaps be finessed), but more
fundamentally because a thing can exist only by existing in a certain way. Thomas
Aquinas’s famous insistence that matter is pure potentiality has led one recent commen-
tator to see in it “the complete rejection of matter as any kind of stuff having
independent ontological status.” If this were right, Aquinas would be fundamentally
at odds with the overwhelming consensus of later scholastic and seventeenth-century
thought. But it is not easy to see how prime matter can exist, short of understanding it
in corpuscular terms.2

There was a considerable scholastic debate over Aquinas’s highly austere conception
of matter as pure potentiality, a doctrine that would become one of the defining tenets
of Thomism. Although the debate is important, it has to be understood in a broader
context, as an issue that arises only after various other questions have been resolved.
The first questions to ask—the central questions of the previous chapter—are whether
the substratum and conservation theses are true. If one decides that they are, then the
next question is whether that permanent substratum should be understood in meta-
physical or corpuscular terms. To embrace the first is to treat matter as somehow less
than fully actualized, and so in potentiality for form, a doctrine that might reasonably
be thought to lie at the heart of any Aristotelian metaphysics. Once one goes that far,
the question then arises of whether matter is, in its own right, purely potential, or
whether it admits of some sort of intrinsic actuality. Here the paradox of prime matter
is particularly virulent: if matter is the subject of form, then it seems as if it ought to be
free of all form, and so free of all actuality; but yet it seems that nothing real could be
completely unformed. Rejecting the austere view of the Thomists, André Dabillon, a
mid-seventeenth-century follower of Ockham, remarked that “matter and form are real
substantial beings that exist actually in nature: for the things that compose an actual
being actually exist—otherwise, the substantial whole would be composed of nothing”
(Physique I.3.2, p. 103).
Despite remarks such as that, scholastic authors from the fourteenth century onward

standardly accept as a stock phrase the characterization of prime matter as pure
potentiality. “All the philosophers seem to agree on this,” says Suárez (Disp. meta.
13.5.1), and indeed one does find the expression even in Ockham, whose conception of
matter is radically different from that of the Thomists (}4.4).3 The crucial issue, then, is

2 One way to finesse the question of existence as actuality is to distinguish between two kinds of actuality, one
pertaining to existence, which prime matter has, and then another kind that prime matter lacks (see, e.g., Ockham,
Summula I.10, Opera phil. VI:182; Marsilius, Abbrev. in Phys. I, f. 4vb; Suárez, Disp. meta. 13.4.9). Another, bolder strategy is
to deny that prime matter has existence in its own right; instead, it gets existence in the way it gets all actuality, through
form. Aquinas is the leading advocate of this latter strategy (e.g., Quod. III.1.1); see also Zabarella, De rebus nat., De prima
materia II.4, col. 186. For a very clear, critical discussion of that approach, see Pererius, De communibus principiis V.13,
pp. 309–13.

I myself am responsible for the suggestion that Aquinas’s prime matter might entirely lack ontological status (Thomas
Aquinas on Human Nature p. 131). My research into later scholastic thought in one respect tends to undermine this
interpretation, since there seems to be no one who thinks that prime matter does not really exist. In another respect,
however, the later history lends some support to my interpretation, since a near consensus develops that Aquinas’s view
is unacceptable because it has the consequence that prime matter would not really exist. My proposal—which I am still
inclined to endorse, or at any rate not ready to give up—amounts to embracing that consequence as one that he
intended.

3 For recent discussions of the pure potentiality thesis, as first put forward by Aquinas and then criticized by Ghent,
Scotus, and Ockham, see Adams,William Ockham II:633–47; Cross, Physics of Duns Scotus pp. 17–26; Wippel,Metaphysical
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not the phrase itself, but how matter, in its potentiality, is understood. Most scholastic
authors—even many of those, like the later Jesuits, who are generally sympathetic to
Aquinas—reject the Thomistic approach, insisting that matter must have some mea-
sure of actuality. To keep their view distinctively Aristotelian—that is, to avoid treating
prime matter in corpuscularian fashion, as fully actualized stuff—these authors need
some account of what it means for matter to be real, and yet in some sense merely
potential. A way down this narrow path was suggested by Averroes, whose twelfth-
century commentaries on virtually the whole Aristotelian corpus became by far the
most important scholastic guide to the interpretation of Aristotle. Averroes offered this
cryptic remark with regard to prime matter: est quasi medium inter non-esse simpliciter et
esse in actu—“prime matter falls halfway, as it were, between complete non-existence
and actual existence” (In Phys. I.70).4 This remark particularly resonated with Latin
authors because it unknowingly echoed a remark of Augustine’s: “I sooner judged that
what lacks all form does not exist, than thought of something in between form and
nothing, neither formed nor nothing, unformed and next to nothing” (Confessions XII.6).

It was, to say the least, not easy to see how such suggestions might be spelled out.
What in the world does it mean to exist “halfway”? The usual first step toward an
adequate account was to stress that prime matter has incomplete existence, in the sense
that it cannot exist on its own, without some form. Even this much was not entirely
uncontroversial. Although everyone agreed that prime matter could not naturally exist
on its own, there was dispute over whether this was logically possible—whether, in
other words, God could make prime matter exist without form. Aquinas’s very
rigorous insistence on prime matter’s pure potentiality led him to deny that this was
within God’s power (}10.3), but even some who wanted to agree with Aquinas about
the pure potentiality doctrine (such as the Coimbran commentators of the late six-
teenth century) were not prepared to deny God’s ability to bring about prime matter
without form.5 (What makes Aquinas’s position especially hard to defend is that form

Thought of Thomas, ch. 9. For the sixteenth-century Jesuit debate, see Des Chene, “Descartes and Coimbra” as well as
Physiologia pp. 81–97.

The phrase “pure potentiality” is commonly endorsed by scholastic authors, even if the author’s view is in fact much
closer to Scotus’s than to Aquinas’s. Thus Burgersdijk uses the phrase, as quoted in the main text, but then immediately
goes on to say that “materia actu suam habet essentiam atque existentiam substantialem distinctam ab essentia atque
existentia formae, quam si non haberet, non video quomodo corporum constitutionem posset ingredi, immo quomodo
posset dici capax formarum et non potius purum nihil.” Suárez remarks that “non est enim nobis negandum quin
materia sit pura potentia, cum in ea assertione philosophi omnes convenire videantur” (Disp. meta. 13.5.1), but he goes on
to ascribe to it quite a bit of actuality. See too Scheibler, Metaphys. I.22.15.5 (pp. 301–2). For Ockham, see Summula I.10
(VI:182): “primo modo accipiendo actum, dicendum est quod materia est in potentia ad omnem actum substantialem et
nullum actum habet de se, sed est pura potentia. . . . ” One exception is Pererius, De communibus principiis V.13 (p. 321):
“illa pura potentia aut est nihil aut aliquod ens; si nihil, ergo similiter materia nihil est; si ens, non igitur iam est pura
potentia.” On Jesuit allegiance to Aquinas, see }20.2.

4 Buridan remarks that Averroes’s “quasi medium” remark “non est propria locutio . . . sed hoc dicitur ad talem
sensum quia nec ipsa nihil est nec ipsa hoc aliquid in actu nec etiam ipsa est aliquis actus formalis, etc.” (In Phys. I.20 ad 4,
f. 25ra). For another attempt to make sense of Averroes’s dictum, see Burley, De formis p. 14.

5 For a negative answer to the question of whether God could make prime matter without form, see Aquinas, Quod.
III.1.1; Capreolus, Defensiones II.13.1.1 (IV:18–19); Cajetan, In De ente q. 9. For an affirmative answer, see Scotus, Ordinatio
II.12.2 (VI.2:680–98); Boethius of Dacia, In Gen. et cor. I.19; Gregory of Rimini, Sent. II.12.2.3 (V:285–88); Gabriel Biel,
Sent. II.12.1; John Major, Sent. II.12.1 and In Phys. I.7.2; Coimbra, In Phys. I.9.6; Eustachius a Sancto Paulo, Summa
III.1.1.2.4 (II:123). The negative answer was reported to have been censured in 1277, although it does not appear on
Tempier’s famous list of 219 censured articles (see Thijssen, Censure and Heresy, p. 53). For recent discussion, see Des
Chene, Physiologia, pp. 124–34.
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and matter are supposed to be really distinct, and a real distinction is often thought to
require two-way separability. But separability is a much more complicated matter than
is generally realized [}13.6].) Regardless of whether prime matter is logically or merely
naturally dependent on form, the fundamental problem remains untouched: how can
prime matter exist without having any sort of character, or how can it have some
character without coming to look like the fully actual substratum of the corpuscular-
ians? Invoking prime matter’s incompleteness, in the sense of its dependence, helps to
distinguish it from the fully actual integral parts of corpuscularianism, but, as Parts II–III
of this study will show, there are many Aristotelian metaphysical parts that are
incomplete in just this same way. So we have not learned anything distinctive about
prime matter.
How might the paradox of prime matter be dissolved? The most promising strategy

I have seen attempts to explain prime matter’s incompleteness in terms of its indeter-
minateness. This idea gets advanced with particular force by Peter Auriol, a highly
creative but little studied theologian active at Paris in the second decade of the
fourteenth century:

Prime matter has no essence, nor a nature that is determinate, distinct, and actual. Instead, it
is pure potential, and determinable, so that it is indeterminately and indistinctly a material
thing. And in this way it is the matter of everything generable and corruptible, so that it is not
determinately any of the beings in the world—such as stone, earth, and so forth—but it can be
determined so as to be stone, earth, and so forth. (Sent. II.12.1.1, II:151bA)

This all by itself is not an especially creative idea—indeed, Auriol quotes Averroes as
appealing to the indeterminacy of matter—but it does provide some insight into the
mysterious character(lessness) of prime matter. On this account, it is not that prime
matter has no character, but that its character is such as to be susceptible to determina-
tion in whatever way a material thing might exist. Such determinability is itself a kind of
positive character, and gives us reason to think of prime matter as a genuine being. It
seems best to think of this state not as a kind of halfway existence, but as a full-fledged
form of existence that is attenuated only insofar as it is dependent on some further
actuality, to be made determinate.6

6 Auriol’s discussion of the indeterminacy of prime matter is extremely complex. After stating the theory in article
one, he goes into a long and complex discussion in article two concerning how such indeterminacy is compatible with
primematter’s being a positive being. In the passage quoted in the main text, Auriol characterizes prime matter as having
no essence, but later he is willing to say, when pressed, that “materia habet quidditatem suo modo: est enim formabile
purum et possibile” (Sent. II.12.1.7, II:173bC). Elsewhere he helpfully distinguishes between two senses of incomplete
being: one sense that implies being “in gradu parvo et diminuto,” and another sense “quia est inchoativum alicuius
completae rationis” (II:172bD). Prime matter is incomplete in the first sense, but it is the second sense, he says, that really
captures its character. Auriol returns to the topic of prime matter as indeterminate at Sent. II.12.1.7 (II:172bCF, 173bAC),
and again at Sent. II.12.2.1 (II:174–80). An interesting and very distinctive feature of Auriol’s view here is that he wants to
make substantial form indeterminate in just the way that prime matter is, so that these two indeterminate entities give
rise to a determinate composite substance (see Ch. 11 note 18).

The Rome edition of article three of Auriol’s Sent. II.12.1 mislabels it as article two, and is subsequently one off on the
numbering of articles 4–7. I cite the articles by their proper number, ignoring the misprint.

Prime matter’s indeterminacy is a familiar notion. Aristotle, for instance, had remarked: “By matter I mean that which
in itself is neither a particular thing nor of a certain quantity nor assigned to any other of the categories by which being is
determined” (Meta. VII.3 1029a20–21). (We will see Glanvill mock this text in }3.3.) Plotinus had also put great weight on
the indeterminacy of prime matter, holding that “matter is essentially indefiniteness” (Enneads II.4.15). Much later,
Suárez conceives of this in spatial terms: to inform matter is “replere—ut sic dicam—illud vacuum quod erat in
potentialitate materiae” (In De an. disp. 2 q. 4, p. 254).
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This sort of picture of prime matter gives us a way to understand debates over its
nature. Authors who disagree over whether prime matter has extension, for instance,
can be understood to be disagreeing over just how indeterminate prime matter is.
Could it, for instance, exist entirely at an extensionless point? For the authors who are
most strict about the indeterminateness of matter, this is a possibility. Albert of Saxony
expresses his commitment to this sort of view by taking prime matter to possess
“infinite passivity,” which is to say that it is susceptible to undergoing anything that
some active power can bring about. So—this is his example—if God can make one body
be in two places at once, then that body’s matter will not stand in the way. There
is nothing in the nature of prime matter that prevents it from having two locations
at once. At this point, further paradox looms, when one reflects on the prospect that
prime matter might be open to everything. If it is open to bi-location, then it is hard
to see what it would not be open to. But if it is open to everything, then it once again
becomes unclear whether prime matter can be said to have any positive nature at all,
and equally unclear what it contributes to material substances, beyond being simply a
very bare substratum.7

Before pressing these issues any farther, it will be useful to characterize corpuscular-
ian theories of prime matter.

3.2. Corpuscular Prime Matter

For the corpuscularian, given how I understand that doctrine (}1.3), prime matter must
be one or more of the integral parts of the body undergoing change. Perhaps this is
what Giulio Cesare Vanini has in mind when he remarks that “the whole of prime
matter, considered as prime matter, is nothing other than its parts” (Amphitheatrum
exerc. 5, p. 28). Since experience does not directly acquaint us with any such enduring
substratum of physical parts, the corpuscularian must posit an invisible realm of
incorruptible corpuscles. Many seventeenth-century authors make it quite clear that
the motivation for this postulate falls directly out of their dual commitments to
corpuscularianism and the substratum thesis of the previous chapter. Thus Gassendi,
setting out Epicurus’s views as his own, explains:

The first argument by which Epicurus contends it necessary to postulate atoms is the same
as that by which Aristotle proves there is in things an ingenerable and incorruptible prime
matter 3from which, preexisting, all things are generated, and into which surviving remnant all
things are ultimately dissolved. For Epicurus contends that atoms are matter of this sort—

7 Albert of Saxony characterizes matter’s infinite passivity as follows: “Tunc sit ista conclusio: materia prima est
passibilitatis infinitae, hoc est est sic passiva quod nullo modo activa. . . . Ex hoc sequitur, si prima causa posset facere
idem corpus simul esse in diversis locis, quod materia prima posset hoc pati. Patet ex hoc quod cuiuslibet materia est
passiva, cuius prima causa est productiva” (In Phys. I.16, pp. 218–19).

The alchemist Jean d’Espagnet offers a colorful account of the philosophical theory of prime matter. Here is the 1651
translation of his Enchyridion physicae restitutae (1623): “The Philosophers did believe a first matter to be an elder birth to
the Elements, but this, as it was but scarce apprehended by them, so was it as briefly, and as it were in the clouds and
obscurely handled by them, they made it void of qualities and accidents, yet the first subject of them without quantity,
yet by which all things have their dimensions, endowed with simplicity, yet capable of contraries, without the reach of
sensible knowledge, yet the basis of sensibles, drawn out through all places, yet unperceivable; covetous of all forms,
tenacious of none, the root of all bodies, yet not sensible but conceivable only by an act of the intellect: lastly, nothing in
act, all things in aptitude. So have they laid a fancy for the foundation of nature” (p. 13).
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immutable, or free from birth and destruction. The difference is only that he wants the natural
decomposition to stop at 6unbreakable corpuscles, whereas Aristotle does not have any way to
describe the matter at which the decomposition ultimately arrives. (Syntagma II.1.3.5, I:259b)

The argument to which Gassendi refers (lines 1–2) is the one described at the start of
}2.5, based on the strong ex nihilo principle.
Set aside for now the final gibe at the Aristotelian view—that “Aristotle does not

have any way to describe” the matter he postulates (lines 6–7)—and consider Gassendi’s
own positive proposal, that the enduring substratum be identified as “unbreakable
corpuscles,” or, for short, atoms. Gassendi was the best-known and most influential
advocate of atomism in the seventeenth century, but there were many others, before
and after him (}5.2). Decades before Gassendi, Isaac Beeckman wrote in his Journal
(in 1620) that “the whole essence will signify for me the whole corporeity of the atoms,
which is prime matter” (II:86). To be sure, not everyone was happy to use the label
‘prime matter’ in connection with these enduring, unbreakable corpuscles. In their
condemned Parisian broadsheet of 1624 (}19.6), Antoine de Villon and Etienne de Clave
offer this as the first of fourteen propositions:

Prime matter, which the Peripatetics set forth as the subject principle of change, whether it
has existence of itself, or from form, is utterly fictitious and clearly has been thought up by
Aristotle without any foundation.

Still, in their final proposition, they endorse the doctrine of atomism, as a conclusion
entailed by their previous thirteen propositions. And with that they have their perma-
nent substratum of change.8

Whether or not this sort of permanent substratum should be known as prime matter
is simply a terminological question, calling for a strategic decision about whether to
highlight the continuities or the discontinuities between scholastic and post-scholastic
thought. If one wants to keep fixed the precise meaning of scholastic technical
terminology, then the result—as with Villon and de Clave—will usually be a categorical
rejection of the scholastic theory. If, on the other hand, one is willing to use the
terminology more flexibly, so as to capture some worthwhile vestige of Aristotelian
thought, then often the terminology can be retained, as Gassendi retains the terminol-
ogy of prime matter. (The most prominent example of this sort of flexible, conciliatory
usage is Locke’s retention of the distinction between primary and secondary qualities
[}21.1].)
Given that the enduring substratum of Gassendi and other post-scholastic authors

will not be pure potentiality, just what sort of actuality should be ascribed to it? To be
sure, as the next chapter will consider, it will be extended. But what else? Here there
was little agreement. Atomism is the most common version of corpuscular prime
matter, but it is not the only option. Indeed, atomism neither entails nor is entailed by
the combination of corpuscularianism and the substratum thesis. Those two theses

8 The 1624 Parisian broadsheet is reproduced in Kahn, “Entre atomism” p. 246, and also transcribed in Launoy, De
varia fortuna pp. 205–11. “I. Materia prima, quam pro principio transmutationis subiectivo constituunt Peripatetici, sive
existentiam habeat a se, sive a forma, commentitia prorsus est, et sine ullo plane fundamento ab Aristotele excogitata. . . .
XIV. Ex his omnibus manifestissimum est ignoranter, aut potius malitiose irrisa, et sugillata ab Aristotele duo
antiquorum dicta, omnia scilicet esse in omnibus, et omnia componi ex atomis seu indivisibilibus.” For an English
translation, along with extensive discussion of the historical context, see Garber, “Defending Aristotle.”
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together do yield the result that bodies must have some enduring integral part. But
atomism does not entail endurance, and the endurance of integral parts does not entail
atomism. First, atomism does not yield endurance, because atomism requires only that
there be a stopping point in the physical division of bodies (}5.4). That is, the atomists
are very clear that their central claim—the claim that defines the theory—is that there is
a point at which bodies become too small to be naturally broken into smaller pieces.
Here is Gassendi:

Note that one speaks here of the @(#)#* not as the vulgar think (and even some of the learned
have supposed), as what lacks parts and is free of all magnitude and so is nothing other than
a mathematical point, but as something that is so solid and, so to speak, hard and compact as
to leave no room for division, separation, and cutting. That is, there is no force in nature that
can divide it. (Syntagma II.1.3.5, I:256b)

From this it does not follow that atoms are incorruptible (let alone that they are
ingenerable). For although it is not naturally possible to divide an atom into smaller
pieces, it might yet be possible to make an atom go out of existence. Here would be
one way of doing so: suppose, as some atomists do, that atoms are individuated by their
shapes. Then suppose that, even if atoms cannot be divided, they can be flattened or
bent or otherwise changed with regard to shape. In that case, atoms could be both
corrupted and generated. Now in fact atomists do generally endorse the further claim
that atoms are not just indivisible, but fully indestructible, ingenerable, and indeed even
inalterable in any way (}28.3).9 But it is good to remember that these are further claims,
not specifically entailed by the core doctrine of atomism. In general, as }5.4 will discuss,
atomism is a much more narrow, even peripheral doctrine than is generally supposed.

Second, the endurance of integral parts does not entail atomism, because one could
think that bodies are indefinitely divisible and still think they cannot be destroyed (or
generated). This is Descartes’s view. He rejects atomism in favor of the view that bodies
can be divided without limit (}5.4). But still he endorses the conservation and substra-
tum theses, not of course because he postulates some sort of metaphysical prime matter
beneath ordinary bodies, but because he thinks ordinary bodies, although divisible,
nevertheless endure through all change:

Absolutely all substances, or things that must be created by God in order to exist, are by their
nature incorruptible and cannot ever cease to exist unless they are reduced to nothingness by
God’s denying his concurrence to them. Further, body, taken in general (in genere sumptum), is a
substance, so that it too never perishes. (Meditations synopsis, VII:14)

It is odd to suppose that all substances must be created by God, and can go out of
existence only by divine fiat. In }28.3 I will argue that Descartes does not intend nearly
so strong a claim. What he clearly does mean, however, is that there is some level
at which body is the enduring substratum for all physical change. Because Descartes
rejects atomism, he can offer no definite story about where that level is, but this is
no barrier to his supposing that, at some level, bodies do endure.

9 For the complete inalterability of atoms, see, e.g., Hill, Philosophia n. 116: “Prima corpuscula sunt vere solida,
impenetrabilis, inalterabilia, multiformis, divinae actioni in natura terminos ponentia.”

42 Theories of Prime Matter



The temptation to conflate atomism with permanence is evident in Walter Charle-
ton’s deduction of the atoms. He begins with a claim quoted in the previous chapter,
that all agree on the need for a material substratum. From here, quite properly,
he infers the incorruptibility of that substratum. Next, however, he makes two very
dubious assumptions. First, he assumes that a material substratum must be extended;
second, he assumes an incorruptible extended material substratum must consist of
atoms. Here is the whole argument, with the inessential parts abridged and the
premises numbered:

[1] That there must be some one catholic material principle . . . is unanimously confessed by all.
And consequently, [2] that this matter is incorruptible . . . has been indubitated by none. . . .
Insomuch therefore, as [3] the essential reason or formality of corporiety does solely consist in
extensibility, . . . and insomuch as [4] nothing can be the root or beginning of material or physical
extension but something indissoluble, . . . therefore, frommanifest necessity, may we determine,
that [5] no principle can justly challenge [" lay claim to] all the proprieties or attributes of the
first universal matter, but +,)Æ(Æ I-ØÆ'æ$(Æ, indivisible bodies, or atoms. (Physiologia II.1.1.3)

The argument is not a success. Although (3) is true by definition (}16.1), what
Charleton really needs is not (3) but rather the claim that the prime matter of (1) and
(2) is extended, something that many scholastic authors denied (see Ch. 4). And even if
we grant that prime matter must be a body—which comes close to presupposing the
corpuscularian framework—the ultimate introduction of atoms in (5) is still neither
necessary nor sufficient for enduring corpuscular prime matter. Not necessary, as we
have seen, because (4) might be challenged by a Cartesian who insists on indefinite
divisibility. Not sufficient either, as we have seen, because mere indivisibility does not
yield incorruptibility. Once again, then, we see that corpuscular prime matter need
not be atomistic, and atoms need not be prime matter.
Another unsettled issue concerning corpuscular prime matter is whether those

enduring corpuscles possess any fixed, permanent nature, beyond simply their materi-
ality. For the Aristotelian, the answer was clearly no. Aristotle had offered his account
of prime matter as an alternative to a view like that of Empedocles, according to which
there are a small number of elemental kinds—Earth, Air, Fire, Water—that serve as
fixed points, enduring through all change. Aristotle and his followers embrace those
four elements (}21.2), but do not regard them as truly primary. Beneath the level of the
so-called elements there is the even more elemental level of prime matter, which is the
only stuff that endures through all change. This is to say that the four elements are not
permanent: a particle of pure Earth can change into Air, and so on, and indeed
transmutations of this sort provide the most fundamental explanation of all natural
change.10

Post-scholastic authors generally take Empedocles’s side in this old dispute, and
ascribe to their basic corpuscles a fixed, enduring nature. The material realm, on this
sort of picture, was created with a certain number of different kinds of particles, the
ranks of which are fixed for all time (pending further divine intervention). For some

10 Aristotle sets out the case for a level of enduring matter beneath the elements at Gen. et cor. II.1 329a25–b2, where
he claims that if Empedocles were right that the elements could not change, then no alteration would be possible at all.
The theory of elemental change is a stock topic in any scholastic commentary on the Gen. et cor.—the most impressive
being those of Buridan and Oresme.
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early corpuscularians—such as David Gorlaeus, Isaac Beeckman, and Sebastian Basso—
these kinds are some variation on the four familiar elements, but now understood in
geometric terms, so that fire corpuscles are such because they have a certain shape and
size, and so on. To be sure, once one turns from qualitative to geometric explanations,
there is little reason to retain the traditional list of four, and indeed the example of the
ancient atomists encouraged the idea that atoms might come in a virtually infinite
variety of shapes and sizes. Still, it was commonly supposed that, however many
different kinds of basic corpuscles there are, each corpuscle was essentially and perma-
nently a thing of that kind.11 As an example of this sort of view, we might consider Jean
Chrysostome Magnen, whose Democritus reviviscens (1646) was published just before
the first of Gassendi’s publications in this area (although Gassendi began work on his
Epicurean project in the 1630s). Magnen describes himself as the first in modern times
to try to rehabilitate atomism (p. vii), which is at best an exaggeration, but he does stand
out among post-scholastic authors in taking the central point at issue between Aris-
totelians and their critics to be the status of prime matter.12 As noted in }2.1, Magnen
treats the existence of some sort of enduring prime matter as uncontroversial. He
proposes, however, that our “ignorance about true prime matter” is “the origin of all
the difficulties” that plague natural philosophy (p. 51). In defense of this hypothesis
he makes the reasonable remark that one’s conception of matter will determine what
one thinks about both substantial and accidental forms, since they inhere in matter, and
that hence one’s conception of matter will determine the overall contours of one’s
philosophy. Thus the work’s first disputatio (which occupies nearly a quarter of the
volume) answers in the negative the question “whether one should postulate a prime
matter that is distinct from the elements.”

Magnen’s work makes more explicit than any other I have seen the case for treating
prime matter in corpuscular fashion. His argument rests on identifying four hallmarks
of prime matter:

11 David Gorlaeus recognizes only two elemental kinds, water and earth (Idea physicae 7.1), neither of which can be
converted into the other (7.9). Isaac Beeckman accepts the standard list of four, but insists they be explained in terms of
differences in shape (Journal I:152–3, II:118–19, III:138). Sebastian Basso regards the traditional list of four as a live option,
but possibly not the final story: “Materia rerum ex minutissimis particulis diversae naturae comparata est; quae quidem
naturae sive sint quatuor elementa ignis, aer, aqua, terra; sive quid aliud prius ex quo haec elementa componantur,
speciei diversissimae sunt. . . . Haec principia post primam creationem ortus interitusque sunt expertia” (Phil. nat., De
materia et mixto II.5.4, p. 125). Walter Charleton, in contrast, is willing to recognize the traditional four elements only as
“elementa secundaria”— “the four vulgar elements cannot justly be honored with the attributes of the first matter”
(Physiologia II.3.1.3). For further details on Beeckman’s and Basso’s chemical theories see }19.6 and }21.4, as well as
Kubbinga, “Premières théories.”

Claude Berigard argues for infinitely many different kinds of atoms—as well as an infinite number of atoms within
each kind: “facio infinitas atomorum species tota substantia inter se distinctas, et rursus in unaquaque specie atomos
infinitas” (Circulus Pisanus, De ortu VIII, p. 419). See }22.4 for brief discussion.

12 Magnen’s claim to be the first to recover ancient atomism comes in the preface to Democritus reviviscens: “id opus a
nullo hactenus fuerit pertractatum” (n. p. [= vii]). In claiming priority, Magnen fails even to mention Gassendi, which he
could hardly have done if his work on Epicurus was generally known at that time. He does mention Sennert, and
dismisses him with the remark that he proved the existence of “minima physica” rather than atoms (see }26.3 for the
distinction). In another context he mentions Sebastian Basso (p. 45), but apparently does not think of him as an atomist.

On prime matter as the core problem of natural philosophy, see ibid.. p. 51: “Sed tertium mihi potius omnium
difficultatum origo videtur, ignoratio verae materiae primae. Ratio meae conjecturae haec est: forma praesupponit
materiam, ut ab aliis etiam accidentibus praesupponatur subjectum, ergo ut erit materia, ita et continuitas: forma
enim, et accidentia, quae educuntur, debent sequi naturam materiae, cum quidquid recipitur per modum recipientis
recipiatur . . . .”
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There are four distinctive features (proprietates) of prime matter, inseparable from it: (1) that it is
the first subject of every body; (2) that the same elements are found to inhere in all natural
bodies; (3) that it is ingenerable and incorruptible; (4) that all bodies, through their final
dissolution, are broken down into it. (Proposition 1, p. 58)

From here, Magnen tries to establish that his basic corpuscular elements, his atoms,
satisfy all four criteria. He takes it to be unproblematic that his elements satisfy (2),
inasmuch as every natural body contains each kind of element. (Since this was part of
the standard Aristotelian theory of elements [}21.2], he seems within his rights to treat it
as non-controversial, but we will see below that it has an important and surprising
implication.) Feature (1) is essentially equivalent to the substratum thesis. If Magnen
could establish this, he realizes that he could infer that (3) and (4) hold of his atoms, but
he does not seem to think any direct proof of (1) is possible. Still, “although to prove
this [(1)] is most difficult, neither has it yet been proved sufficiently by the Peripatetics
that their pure potentiality, their empty prime matter, is to be posited” (p. 61). In the
face of this standoff, Magnen instead takes up a different strategy, and attempts to prove
that (3) holds of his atoms. From (3), he claims, (1) follows. This is not obviously true,
but he offers this rationale: “if another subject were postulated, the generation and
corruption of the elements would be postulated” (p. 61). That is, the negation of (1)
entails the negation of (3). Magnen leaves it at this, but on reflection his remark seems
correct. It would make no sense to posit some more basic substratum, beyond the
atoms, unless that further substratum were the substratum for the atoms themselves.
(Otherwise, in what sense would it be more basic?) But to say that it is the substratum for
the atoms is to say that it serves as the substratum over which the atoms go into and
out of existence. Hence the negation of (1) entails the negation of (3). Hence (3) entails
(1). So whereas the Aristotelian contends that the four elements are mutable, and that
hence some further prime matter is required, Magnen aims to show that his basic
atomic elements are permanent, and that hence they can serve as prime matter.
Of the four arguments Magnen offers for (3), the most promising is the second: “If

the elements were corruptible and generable, then the world could be destroyed
through natural causes, applied through their own proper force” (p. 62). The conse-
quence of the whole world’s destruction is absurd, Magnen claims, and so (3) must be
maintained. This is an argument with a history. Epicurus had used an argument of this
form to argue for the conservation of matter, and so had his Latin spokesman,
Lucretius. Something like it appears in Aristotle, too, who raised the query that, if
what exists passes away into nothing, “why has not the universe been used up long ago
and vanished away?” (Gen. et cor. 318a17–18). The Jesuit Pererius offered it among his
list of arguments for prime matter: “If matter is not necessary, then either generation
would have ceased long ago, given that all physical forms are corruptible, or matter
could be fashioned and refashioned ex nihilo, which has many seriously implausible
consequences” (De communibus principiis V.4, p. 282).13

13 For the threat of the world’s disappearing, if there is no perpetually enduring stuff, see the Epicurean texts in Long
and Sedley, Hellenistic Philosophers 4A and 4C. Magnen states the impossibility of the whole world’s natural destruction as
an initial axiom: “II. Mundus destrui non potest per causas naturales, vi propria et naturaliter applicatus” (Democ. reviv.
p. 55).
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Given that this argument gets used by both Aristotelians and atomists, we might
immediately wonder whether it can be used to yield the specific result Magnen is after,
rather than the more general conservation thesis of the previous chapter. Moreover, as
an argument for conservation, it does not look very effective, since it seems to ignore
the possibility (familiar from the previous chapter) that the corrupted thing will give
rise to something new, without any part of it enduring through the change. If it is a law
that corrupted things give rise to something new, at the same time that they themselves
go out of existence (}2.3), then the end of the world need not loom. But Magnen seems
to have in mind a special version of the argument that both has some plausibility and
yields (3) in particular. What he must assume, to make the argument run, is the thesis
discussed above: that each of the basic corpuscles essentially and permanently belongs
to a certain kind. Magnen contends there are three such kinds—earth, fire, water—and
that elements of each kind must be present in every body. Now suppose, contrary to
(3), that the atoms can be corrupted—that, for instance, a fire atom can become an
earth atom. Then it is possible for all the fire atoms to go out of existence. But in that
case the physical world as a whole would go out of existence. Since that is not in fact
possible, atoms must be incorruptible.

The argument is surprisingly powerful (at least for incorruptibility; it does not yield
ingenerability). If Magnen’s key empirical claim is correct—if there is one or more kind
of corpuscle that must exist, for the physical world to exist—then those corpuscles must
be indestructible, or else we must admit the possibility of the physical world’s ceasing to
exist. Now one might suppose that we should reply by simply allowing this as a
possibility—a very remote possibility, on a par with the often-cited possibility that all
the air in the roommight congregate into one corner, but even more unlikely than that.
Yet I think most people, on reflection, will have the intuition that there is a genuine
impossibility here—that the world cannot, at least through natural processes, simply
cease to exist entirely, so that where there was something, there now is nothing at all. If
it did, where would all that matter go? (This is the converse of the highly plausible weak
ex nihilo principle of the previous chapter.) In effect, Magnen’s argument boils down to
the claim that, given the conservation of matter, any necessary ingredient of matter
must be incorruptible.

The heart of the disagreement over prime matter concerns just what features can be
said to be necessary to it. For the atomist, matter is essentially composed of indivisible
particles. If those particles are further thought to be immutable, and to come in kinds,
then such kinds will themselves be a fixed, necessary feature of prime matter. A view
like Magnen’s that endorses this whole package of claims provides a highly clear and
concrete notion of what prime matter is, and inevitably such clarity looked attractive in
comparison to the obscurities of scholastic prime matter. Still, just as corpuscularians
could endorse prime matter without endorsing atomism, they could likewise endorse a
conception of prime matter free of immutable kinds. One finds this sort of approach in
Descartes, and later in Robert Boyle, both of whom refuse to endorse atomism and
further allow that matter is capable of unlimited transmutations from one kind into
another. For Descartes, this is a consequence of his view that the essence of matter is
simply to be res extensa. Although this extended stuff takes on various modes in virtue of
the motion of its parts, the matter itself does not admit of differences in kind. Boyle was
critical of Descartes in many respects, but this feature of the theory is one he accepted,
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because it fit with his own view, developed through his chemical research, that
anything can be changed into anything else.
Considered as a thesis about ultimate kinds in chemistry, Boyle’s theory looks like a

dead end: a minority view even in its own time, it would eventually be rejected
altogether, as incompatible with Lavoisier’s theory of the elements.14 Considered as a
metaphysical thesis, however, it raises intriguing questions about the contrast between
metaphysical and corpuscular prime matter. Earlier I described how various scholastic
views, by actualizing matter, threatened to make it corpuscular. Here we can see the
opposite phenomenon. Because Descartes and Boyle sharply limit the features they
recognize as essential to matter, they run the risk that their view might collapse into a
version of Aristotelianism. For consider what Descartes has as his enduring substratum
of change: he has purely res extensa, matter without any features whatsoever beyond
extension, but with unlimited potentiality for taking on various modes. To be sure,
Descartes’s version of prime matter is extended, but as we will see in the next chapter
this hardly serves to distinguish it from many scholastic accounts. Bare extension is not
enough to save Descartes from the paradoxes of Aristotelian prime matter, because
for Descartes shape and motion are modes. Res extensa—the stuff that endures through
change to its modes—would seem to be, in its own right, the kind of shapeless,
indeterminate substratum that the scholastics postulate. Subsequent chapters (esp.
}8.2 and }13.7) will return to this issue.

3.3. The Arguments: A First Rehearsal

The arguments for and against the various notions of prime matter encapsulate the
broader range of arguments for and against the scholastic hylomorphic framework.
This is as it should be if, as Magnen argues, prime matter is “the origin of all the
difficulties” in natural philosophy (as above). Given that this is so, however, there is
little point in attempting to discuss these arguments in any great detail here. Entwined
as they are with debates over extension, substance, accident, mode, unity, and individ-
uation, the arguments can scarcely be adjudicated, or even fully understood, until those
other issues have been brought on board. Still, a sketch of the terrain may prove useful.
Very often, as we will see in the chapters to come, critics of scholasticism do not

attempt a direct refutation of the various elements of the hylomorphic scheme. Instead,

14 On the inconvertibility of the elements, see Kahn, “Entre atomisme” p. 258; Wilson, Epicureanism pp. 80–1; and
Kuhn, “Robert Boyle” pp. 22–3, who contends that Boyle is almost alone in the seventeenth century in insisting on the
mutability of the elements from one kind to another. Boyle puts the claim as follows: “So that though I would not say
that any thing can immediately be made of every thing, as a gold ring of a wedge of gold, or oil or fire of water; yet since
bodies, having but one commonMatter, can be differenced but by accidents, which seem all of them to be the effects and
consequents of local motion, I see not why it should be absurd to think that (at least among inanimate bodies) by the
intervention of some very small addition or subtraction of matter, (which yet in most cases will scarce be needed) and of
an orderly series of alterations, disposing by degrees the matter to be transmuted, almost of any thing, may at length be
made any thing” (Origin V:332; Stewart pp. 49–50). For the standard scholastic view, see e.g. Jandun, In Phys. I.24 ad 4:
“omnia materialia sunt adinvicem transmutabilia, vel immediate . . . vel mediate et per plures transmutationes. . . . ”
Another early seventeenth-century denial of the transmutability of the elements can be found in Jungius, Disp. Hamb.
XXII thes. 4, who cites various figures in support, including Sennert, as well as de Clave’s 1624 broadsheet. Lasswitz
(Geschichte der Atomistik I:332–59) surveys various early seventeenth-century claims of immutability, remarking that this
“ist ein wichtiger Schritt zur Korpuskulartheorie und damit zur Fundamentierung der modernen Naturwissenschaft”
(I:332).
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they content themselves with showing that such metaphysical parts are not needed,
leaving considerations of parsimony to do the rest. In the context of prime matter,
Magnen again exemplifies this strategy. What he seeks to show, as we saw in the
previous section, is that there are ingenerable and incorruptible atoms. This, however,
does not prove that metaphysical prime matter does not exist; it simply makes any such
further substratum unnecessary. For all we know, there might be something still more
basic, a kind of metaphysical sub-basement beneath the atoms. Magnen sees this clearly.
For immediately after concluding that his elements satisfy the four conditions of
prime matter, he adds further not that Aristotelian prime matter does not exist, but
that it is “altogether useless” (prop. 4, p. 79). He then reasons that since there is nothing
pointless in nature, we should not posit any such further prime matter. From Peter
John Olivi forward (see, e.g., }14.1), this is how the proponents of ontological austerity
very often argue, on a wide range of fronts.15

Simply appealing to considerations of parsimony would itself be quite a parsimoni-
ous argumentative strategy, and post-scholastic authors usually cannot resist going at
least a bit further. The most common further complaint is that the various elements of
the hylomorphic scheme are unintelligible. This is what we have seen both Gassendi
and Magnen suggest regarding prime matter: as Gassendi puts it, the Aristotelian theory
does not yield “any way to describe” the matter it postulates; Magnen similarly protests
against “the Peripatetics [and] their empty prime matter,” where emptiness is intended
to reflect not just that the stuff is purely potential, but that it lacks any intelligible
content. Descartes, too, cannot accept “the prime matter of the philosophers, which
they have stripped so thoroughly of all its forms and qualities that nothing remains in it
that can be clearly understood” (The World, XI:33). Such charges of unintelligibility are
extremely significant for debates throughout this period. As we will see in the chapters
to come, advocates of the mechanistic–corpuscularian framework pride themselves on
the top-to-bottom intelligibility of their approach: on the way their accounts genuinely
explain the natural world. Scholastic authors are in no position to gainsay the desirability
of intelligibility. The object of Aristotelian inquiry is scientia, an ideal systematic
understanding of a given domain, and such understanding requires a grasp of the
reasons why a certain phenomenon is the case.16 Unintelligibility, then, is the enemy
of scientia. Still, it is not obvious that the true theories are always the most clear and
intelligible. Even if we aim at intelligibility, there is no guarantee that the world will
cooperate. The scholastic doctrine of prime matter is certainly paradoxical, and perhaps

15 Magnen argues for the uselessness of Aristotelian prime matter as follows: “Materia prima, quam Aristoteles
proponit ex Aegyptiorum mente [?!], omnino inutilis est, tum physico, tum medico. Probatur primo, quia ea omissa
facilius explicantur omnia, ut patebit inferius; deinde, quia elementa ad omnimodam mixtionem sufficiunt; tertio, quia
medicus elementa tantum in corporibus contemplatur, physicus autem nullam materiae primae Aristotelicae necessita-
tem ostendere potest, quare cum nihil in natura frustra sit, eam materiam non dari concludendum” (Democritus
reviviscens disp. 1, prop. 4, p. 79).

It is commonplace, albeit not very illuminating, to reject scholastic prime matter simply on the grounds that there is
no room for it in an author’s preferred ontology. See, e.g., Gassendi, Syntagma, II.6.1 (I:372ab): “cum ipsae ergo atomi
tota sint materia substantiave corporea quae in ipsis corporibus est, constat si quid aliud in ipsis corporibus concipimus
esseve animadvertimus id non esse substantiam, sed solum substantiae modum aliquem—hoc est certam quandam
materiae materialiumve principiorum contexturam, concretionem, compositionem. . . . ” And Charleton, Physiologia
IV.1.1.2: “every mutation requires a subject to be altered, and that subject must be something compound, complete,
and already constituted in some determinate genus of beings.”

16 On Aristotelian scientia as requiring a grasp of the reasons why a thing is so, see Pasnau, “Science and Certainty.”
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in certain ways unintelligible (}7.2), but that does not make it false. Sometimes, from
our vantage point, the world itself just is paradoxical.
Just beyond the charge of unintelligibility lies the more serious charge of incoher-

ence. Here is Joseph Glanvill, in his Scepsis scientifica (1665):

That the Aristotelian philosophy is an huddle of words and terms insignificant has been the
censure of the wisest; and that both its basis and superstructure are chimerical cannot be
unobserved 3by them that know it and are free to judge it. To detect the verbal emptiness of
this philosophy, I’ll begin at the foundation of the hypothesis. . . . Therefore the materia prima of
this philosophy shall be that of my reflections. In the consideration of which I shall need no
more than 6the notion wherein Aristotle himself has dressed it, for evidence of what I aim at;
for Nec quid, nec quale, nec quantum is as apposite17 a definition of Nothing as can be. So that if
we would conceive this imaginary matter, we must deny all things of it that we can conceive;
and what remains is the thing we look for. (ch. 18, pp. 127–8)

The Latin tag is a paraphrase of Aristotle (Meta. VII.3, 1029a20; see Gen. et cor. I.3,
318a15), and though it is not clear whether Aristotle himself meant to endorse this
conception of matter, scholastic authors do routinely cite the passage in favor of the
view that prime matter has “neither kind, nor character, nor size.” This tracks the three
primary Aristotelian categories of Substance, Quality, and Quantity (}12.1). Technically
speaking, prime matter cannot be in any of these categories, because it is the subject of
all these categories and so in some sense prior to them.18 But Glanvill is of course not
concerned with the technicalities; he simply wants to push the claim that what has no
such features cannot exist at all. Again, as in Descartes, there is a suggestion (lines 7–9)
that the case against prime matter rests simply on its unintelligibility. But the overall
course of the argument makes it clear that Glanvill is pushing the stronger line that
prime matter is not just unintelligible to us, but positively incoherent, inasmuch as
what is of no kind, character, or size must be nothing at all.
The charge of incoherence is one to which a would-be defender of the scholastics

must reply. In this case, it will surely not do to insist that a thing can exist without
having any character. A completely bare substratum seems not just incoherent but also
unable to carry out the function for which it is intended—to be a substratum. We saw
in }3.1, however, a reply from Peter Auriol that is more satisfactory: the idea that the
character of prime matter precisely is its determinability. This idea is more familiar than
it might initially seem. It would not be odd, for instance, to think that reflective material
objects all share the property of being colored. Color, however, is a determinable
property, open to any of various determinate shades. Auriol himself compares prime
matter to the genus animal, and suggests that if there are determinable genera, then
there can be prime matter. This precise analogy is perhaps a doubtful one for a
scholastic audience, since they did not tend to think that higher genera correspond to
any separate property or form in objects (}4.3, }12.2 and }25.1). One might insist in
general that there are no such determinable properties, only the most specific,

17 ‘Apposite’ corrects ‘opposite’—following the parallel text at Vanity of Dogmatizing p. 153.
18 Prime matter has no place at all in the ontological scheme of the Categories. This did not trouble scholastic authors,

not because they thought of it as an early work, prior to Aristotle’s hylomorphic insights, but because they thought of it
as a more elementary treatise that passed over many of the subtleties raised in the Physics, Gen. et Cor., and theMetaphysics
(}12.1).
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determinate species-kinds and quality-kinds, such as this particular species of animal,
and this particular shade of color. Certainly, there are reasons for taking that route, but
doing so would be quite a blow to the ordinary way we think and talk about properties,
and so it can hardly be assumed that there are no such purely determinable features
of the world. Hence there seems some room for Auriol’s approach, and the charge of
incoherence is not immediately decisive.19

Of course, if there is such a property as color, it is not radically indeterminate in the
way that prime matter is, open to being determined in any sort of way. Only certain
determinate qualities (specific shades of red, orange, etc.) count as determinations of
color. But although prime matter is radically determinable, it too is not wholly deter-
minable. If it were, then the charge of Glanvill might really stick: prime matter would
seem to be just nothing. Even if authors like Auriol sometimes come close to suggesting
that the whole of prime matter’s nature is its indeterminateness, that cannot really be
right. After all, we saw earlier pseudo-Marsilius’s list of the features of prime matter,
which included perpetual, basic, uniform, and hidden. Set aside hidden, which follows
from its indeterminacy (}7.2), and that still leaves us three quite determinate ways
to characterize prime matter. Indeed, these are precisely the features that explain its
status as a substratum. So in the face of the paradox of a bare substratum, it seems
we can reply that its bareness is a function of its indeterminacy, and that yet it is a
substratum, because it is not completely indeterminate, having various characteristics
that qualify it to endure through all change.

Superfluity, unintelligibility, incoherence—these are the three stock charges we will
confront over and over against scholastic metaphysics. Such charges will have to be
considered as we go, but in many cases a given set of views must stand or fall as a
whole. The tenability of a given theory of prime matter cannot be judged apart from
the account of form that accompanies it, and in light of the consequences the whole
story has for questions of unity, individuation, and the like.

It is at the level of consequences that scholastic authors make their stand against
attempts at a more reductive, parsimonious ontology. Here the principal concern of
scholastic authors is to preserve the ontology of common sense. This will perhaps seem
an unlikely claim, since scholastic metaphysics in its details often run well beyond the
wildest dreams of common sense at its most fanciful. Yet as wild as its hypotheses often
are, they are usually put at the service of preserving our ordinary ontology of dogs
and cats and stones. The topic of prime matter illustrates this point particularly well.

19 Auriol’s defense of the reality of prime matter by appealing to other sorts of determinables, such as genera, is
difficult to follow: “nulla est contradictio ponere materiam esse ens positivum, et tamen hoc, quod non habeat propriam
et distinctam actualitatem, imo ponere oppositum esset facere fallaciam consequentis. Hanc conclusionem probo, quia
non est contradictio intelligere divisum aliquod sub una differentia et quod non intelligatur sub alia, sicut non est
contradictio quod reperiatur animal cum rationali, et quod, ut sic, non intelligatur sub irrationali; sed ens dividitur in esse
distinctum, et ens esse in potentia; ergo non est contradictio intelligere ens aliquod positivum, quod tamen non sit in
actu distinctum, sed tantum in potentia” (Sent. II.12.1.1; II:154bBC). The argument itself is not very clear, and moreover
the generally unreliable Rome edition seems particularly muddled at this point, inasmuch as it seems to give us a long
and involved objection to that argument without Auriol’s reply, and then moves onto the tertio ratio principalis (II:155aD)
without having given us the second principal argument.

Another interesting analogy Auriol offers in support of prime matter as purely potential and yet existent appeals to the
parts of a continuum, which Aristotle had claimed to exist merely potentially (thus allowing for the continuum’s infinite
divisibility without an actual infinity of parts—see Gen. et cor. I.2): “Non sequitur: Existit, ergo in actu. Patet de partibus
continui . . . ” (Sent. II.12.2.2, II:179bD; cf. Sent. II.12.1.1, II:154aD). See }26.3 for the notion of potential parts.
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The most commonly adumbrated consequence of abandoning metaphysical prime
matter is that this would undermine our picture of the world as composed of
things—substances—with a special sort of unity, enduring through time for a while
and then going out of existence, to be replaced by other things. More specifically, the
charge against those who let actual corpuscles be their enduring substratum is that they
could not account for substantial unity, and could not account for the ordinary
generation and corruption of substances. John of Jandun, for instance, contends that
as soon as one actualizes prime matter, one eliminates the substantial differences
between individuals: “beings would be substantially the same—indeed, there would
be nothing other than that [one] actualized subject, and so all things would differ only
accidentally” (In De subst. orbis q. 3, f. 52vb). Others make the opposite complaint:
that without Aristotelian prime matter, the world dissolves into indefinitely many
substances. The two lines of objection amount to the same thing: that without
purely potential prime matter, we can no longer account for the privileged status
that common sense accords to the familiar substances around us. Looking back to the
ancient atomists, Auriol complains that “the ancients did not recognize that there is
something halfway between pure being and pure non-being . . . This was the reason
why the ancient natural philosophers denied generation” (Sent. II.12.1.1, II:152b–
153a).20 And when Nicholas of Autrecourt actually did deny generation and corruption
in his radical Tractatus (1330), he dismissed metaphysical prime matter in just the way
his contemporaries would have predicted, as something wholly unnecessary once the
pretense of commonsense ontology is abandoned.21

When prime matter is understood most austerely, as the pure potentiality of the
Thomists, then there is a clear distinction between the alteration of an enduring
substance and the generation of a new substance. In the first case, there is an enduring
actual substratum of change, the composite substance; in the second case, all that
endures is indeterminate, unactualized matter. Our four centuries witness a steady
retreat from that sort of view, with fully corpuscular prime matter marking merely the
most extreme version of a picture on which determinate, actualized stuff endures
through all change. As we will see, Scotus takes one step down this road when he
insists against Aquinas that matter has its own existence and substantial parts (}4.2).
Ockham goes farther still when he insists that prime matter has extension (}4.4). The

20 On metaphysical prime matter as essential to the theory of generation and corruption, Auriol is paraphrasing
Averroes (In Phys. I.78), who is paraphrasing Aristotle (Phys. I.8, 191b31–34): “It was this reason that also caused some of
the earlier thinkers to turn so far aside from the road which leads to generation and corruption and change generally. If
they had come in sight of this nature, all their ignorance would have been dispelled.” This form of argument is very
common in scholastic texts. See, e.g., Jandun, In De subst. orbis Q3 (f. 52bG): “Alia fuit opinio quorundam antiquorum
quod materia prima est actu ens, sicut corpus ignis vel aeris, ut patet primo Physicorum. Sed haec opinio non tenet, quia si
esset vera cum in utroque termino transmutationis subiectum maneat, scilicet materia, quicquid adveniret illi subiecto
esset accidens, quia adveniret enti in actu. . . . Et haec opinio non stat, immo sequeretur quod entia essent eadem
substantialiter: immo non essent nisi illud subiectum in actu, ideo omnia non different nisi accidentaliter. Sed hoc est
falsum, ideo materia prima non est ens in actu.”

21 Autrecourt rejects prime matter as follows: “si res transirent de non esse ad esse, sequeretur quod esset
necessarium aliquid esse quod subiceretur, quod esset materia, et aliquid quod esset forma in esse; sic enim ponit
Aristoteles generationem. Nunc vero non est necessarium esse materiam . . . ” (p. 192). See also p. 204: “Non enim habent
locum nec sunt vera quae dicta sunt ab eo de materia prima, quia fundamentum in illa inquisitione est quod res transeunt
de esse ad non esse et e converso.” On Autrecourt’s denial of generation and corruption, see }28.2. On his skeptical
doubts regarding substance in general, see }7.3.
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doctrines that accidents inhere directly in prime matter (}4.3, }6.3) and that substances
can have multiple substantial forms (}25.1) are yet further manifestations of this same
tendency. Each of these moves has powerful motivations behind it, but each threatens
to undermine what is ultimately the chief motivation of Aristotelian metaphysics: to
explain why ordinary composite substances—dogs and cats and stones—are the prima-
ry constituents of the material world. To safeguard this commonsense ontology, one
needs an account of what gives these ordinary substances a special sort of unity and
endurance through time. Rival theories of prime matter should be judged, in large part,
in terms of their consequences for those subsequent issues.22

For proponents of one or another corpuscular theory of prime matter, it becomes
tempting to conclude that ordinary substances are in fact not substances at all, and that
what really exists, in the material realm, is simply prime matter. Such a conclusion is by
no means inevitable: no matter what one’s preferred ontology, one can always insist
that dogs, cats, and stones are fundamental because these are the fundamental essences
or kinds in the natural realm. But when this bare claim derives no support from one’s
basic ontology, a great deal of weight falls on one’s theory of natural kinds, and post-
scholastic authors would increasingly come to have doubts about the sustainability of
those distinctions (see Ch. 27). Hence the denial of generation and corruption—once
regarded as an immediate reductio of corpuscularianism—came to be seen as a live
possibility. Author after author in the seventeenth century—including Hobbes, Des-
cartes, and Locke—would find it difficult to escape this conclusion, and in some cases
they did not even try. By the time we confront this issue squarely (Chs. 27–9), we will
have collected quite a list of ways in which the seventeenth century rejected scholastic
philosophy. Yet it will be worth keeping in mind, at that point, that the root difficulty
faced by the corpuscularians goes back to the disagreement over prime matter.

22 Paul of Venice contends that any sort of extended prime matter would preclude generation and corruption:
“Impossibile est quantitatem esse substantiam quantam. Probatur . . . Secundo, sequitur quod generatio simpliciter dicta
est augmentatio . . . ” (Summa phil. nat. VI.12, f. 101ra). Scotus argues that his somewhat actualized prime matter allows
for substantial change at Lectura II.12 nn. 39, 43 (XIX:83, 85). See too Gabriel Biel’s defense against the charge, at Sent.
II.12.1.3: “quomodo salvatur generatio ut distinguitur ab alteratione, si materia est entitas positiva et per consequens ens
in actu.”

For the argument from substantial unity against actualized prime matter, see, e.g., De Soto, In Phys. I.7 n. 6 (pp. 52–3);
Scotus, Lectura II.12 n. 41 (Vatican XIX:84), who raises it as a potential criticism of his own view. Suárez refers to “illa
communis ratio, quod forma adveniens enti iam in actu constituto non facit unum per se, sed per accidens” (Disp. meta.
13.3.11).
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4

Matter and Extension

One might suppose that the essential difference between corpuscular and metaphysical
prime matter is that only the first is extended. Consider Robert Boyle, who begins
his introduction to the corpuscularian philosophy by remarking that “I agree with the
generality of philosophers, so far as to allow that there is one catholic or universal
matter common to all bodies, by which [matter] I mean a substance extended,
divisible, and impenetrable” (Origin of Forms V:305; Stewart p. 18). With this one
might think Boyle first reaches out a hand to the scholastics, in postulating prime
matter, only to take it away by describing that matter as extended. In fact, however,
scholastics quarreled among themselves over matter’s relationship to all three of
the characteristics Boyle lists: extension, divisibility, and impenetrability. Indeed, al-
though the topic has hardly been considered among recent scholars, these questions
were perhaps the most hotly disputed aspects of the scholastic debate over prime
matter.
In view of the complexity of the terrain, a roadmap may prove useful. The most basic

scholastic disagreement concerns whether or not the enduring substratum of change is
extended. Those who say no divide into those who treat prime matter as intrinsically
simple (that is, lacking in parts) and those who ascribe parts to it, intrinsically, but deny
that those parts are spread out. Those who argue instead for an extended substratum
divide on whether it is intrinsically or accidentally extended. These distinctions yield
four different views, which can be labeled as follows, with their chief proponent
in parentheses:

Extensionless Theories
Simple View (Aquinas)
Extensionless Parts View (Scotus)

Extended Theories
Accidentally Quantified View (Averroes)
Intrinsically Extended View (Ockham)

This chapter will sketch these different views.



4.1. The Simple View

The case for extensionless prime matter is predictable enough, given the general tenor
of the scholastic theories described in the previous chapter: prime matter cannot be
extended because it is unformed and purely potential, whereas extension requires form
and actuality. The argument should certainly be appealing to anyone who accepts
that prime matter is pure potentiality, and it was often accepted. There was also a
widespread suspicion, however, that the notion of extensionless prime matter is
ultimately incoherent. To begin to see why this was so, consider what exactly it
means for a thing to have or to lack extension. There seems to have been general
agreement, throughout our four centuries, over what extension is: it is to have partem
extra partem—or, in English, spatially distinct parts.1 In view of this definition, we can
see that there are a number of ways in which prime matter might fail to be extended.
One way would be to lack parts. Another would be to be wholly located at an
extensionless point, and so fail the requirement of spatial distinctness. A third way
would be to lack location entirely. This last possibility, so far as I can find, was not
regarded as a serious contender. Even if philosophers today are often tempted to treat
one or another entity as locationless, our period treated it as axiomatic that everything
that exists exists somewhere (}16.3). This principle was applied even to God, angels, and
human souls, and so was hardly likely to admit of exception in the case of matter. This
leaves two possibilities: that prime matter might exist without parts, or that it might
have parts and yet fail to be spread out.2

1 On the nature of extension, see, e.g., De Soto, In Praed. 6.1, p. 173C: “Prima et per se ratio quantitatis est esse
rationem extensionis: nempe ratione cuius substantia habet partem extra partem, et huic proximum est, quod ratione
quantitatis substantia et accidenta corporalia sunt divisibilia in partes secundum extensionem.” Aristotle had connected
quantity with divisible parts, and so with extension, at Meta. V.13, 1020a7–8: “We call a quantity that which is divisible
into two or more constituent parts of which each is by nature a one and a this (.* (Ø ŒÆd (/-$ (Ø).” The connection
endures into the seventeenth century, in Digby, Two Treatises I.2.8, p. 15: “So that looking over all the several species of
quantity, it is evident our definition of it is a true one, and expresses fully the essence of it, when we say it is divisibility, or
a capacity to be divided into parts, and that no other notion whatsoever, besides this, reaches the natures of it.” See also
Gassendi: “Seu enim talis species procedit ex corpore, illa haud dubie corporea est, habetque partes extra partes, atque
adeo extensa est” (Fifth Objections, VII:337); Descartes: “ita illud solum quod est imaginabile, ut habens partes extra
partes, quae sint determinatae magnitudinis et figurae, dico esse extensum, quamvis alia per analogiam, etiam extensa
dicantur” (to More, V:270); Locke: “For to say, as is usually done, that extension is to have partes extra partes is to say only
that extension is extension” (Essay II.xiii.15); Chauvin: “ . . . extensionem physicam, quae nihil aliud est quam plures
materiae partes extra se invicem positae” (Lexicon, ‘quantitas’ p. 549a).

2 The question of whether anything can exist without a location is complicated by scholastic terminology, according
to which many things exist without being in a place (locus). Since a thing’s locus is the two-dimensional surface of the
surrounding body (}17.1), there are various ways of having a location (in the English sense of the term) without having a
locus. In particular, something that exists at an extensionless point has no locus. For further discussion, see }14.4. The
closest I have seen anyone come to countenancing prime matter without location is this passage from Scotus: “Dices, ubi
erit illa materia in potentia ad omnem formam? Qualiter etiam habebit materia partem extra partem sine quantitate? Ad
primam dico, quaerendo ab opposito, ubi erit angelus, vel potest eum Deus creare sine ubi? Et non erit maior ratio quare
non posset creare materiam. Vel si dicas quod non posset, assignes mihi ubi quod est necessarium angelo, et assignabo
ego ubi necessarium materiae” (Rep. II.12.2 n. 7; XI:322a). But exactly what possibility does Scotus have in mind here?
Does “sine ubi” mean locationless? Compare the parallel passage printed in old editions of the Opus Oxoniense: “Et si
quaeras ubi esset illa materia sine forma, dico quod sicut angelus qui non est quantus est in loco aliquo definitive, non
circumscriptive, supposito quod sit in universo, si tamen fieret extra universum, ubi locus non est, non esset in loco
definitive, sic materia, si fieret in universo sine forma, esset definitive alicubi; si autem fieret extra universum, nusquam
esset localiter, vel definitive, tamen esset natura quaedam absoluta” (II.12.2, VI.2:683). According to the editors of the
Scotus critical edition, this is not part of the Ordinatio; it is presumably an alternate redaction of the Parisian Reportatio.
Here locationlessness is not at issue at all: prime matter will either exist within the physical universe “definitive”—that is,
holenmerically (}16.5)—or will exist extra universum, beyond the outermost sphere of the heavens, in which case it will
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Let us begin with the Simple View—the view that prime matter lacks parts. John
Capreolus, the important Thomistic philosopher from the early fifteenth century, takes
this line. On his view, prime matter is “actually indivisible and one, but potentially
divisible, multiple, and plural.” Or, to avoid the impression that prime matter is actually
anything, he goes on to say that it is “actually indivisible—that is, not actually divisible”
(Defensiones II.13.1.3, IV:37a). A Thomistic treatise from the late thirteenth century,
probably by Robert Orford, reaches the same conclusion: “for matter to have distinct
parts in its own right (secundum se) is impossible, because distinctness of parts properly
belongs to the composite that is constituted out of distinct parts” (De natura materiae
ch. 5, n. 390). The doctrine seems to be in Aquinas himself, inasmuch as he holds that
“prime matter is said to be numerically one in all things” (De principiis naturae ch. 2).
This is the ‘is said’ of the Commentator—that is, Aquinas means that Averroes said it,
and indeed Averroes defended this view at some length.3 Averroes’s position was in
turn spelled out by his leading Latin spokesman, John of Jandun. Jandun, lecturing at
Paris and then Navarre during the second decade of the fourteenth century, devotes an
entire disputed question to answering in the affirmative this question: Is prime matter
numerically one in all generable and corruptible things? (In Phys. I.24) An anonymous
question published with some of Jandun’s work makes the same claim: “In everything
that has matter, the matter is numerically one, inasmuch as it has nothing by which it
differs” (Anon. B, f. 63raB). In }4.3 below we will see how the Averroists part ways with
the Thomists on the question of what endures through substantial change. With
respect to the intrinsic nature of prime matter, however, the two camps are in basic
accord.
These last claims are striking because they ascribe unity and indivisibility to prime

matter even within ordinary form–matter composites (within, for short, bodies). Does
this mean that prime matter, as it is ordinarily found in bodies, is not spread out
within those bodies? Surely it does not mean that, because at the same time these
authors are saying that prime matter is “in” such bodies, and there is no suggestion
that this means anything other than what it would naturally seem to mean, that it is
spread out throughout the whole body. But how can prime matter be spread out
in bodies, and yet be indivisible? Most authors are not very clear about this. So far
as I can find, however, the only possibility considered is its having a mode of existence
more commonly ascribed to spiritual beings: existing wholly in each place that it
exists. Following Henry More’s coinage (}16.4), I will refer to this as holenmerism.

have no surrounding body and so will lack a locus. The possibility of existing nowhere at all does not arise. Although this
second passage is a clear statement of the idea that prime matter exists holenmerically, I consign it to the footnotes
because it would seem to clash with Scotus’s commitment elsewhere to the idea that prime matter has parts (}4.2). If it
has parts, then one would not expect it to exist holenmerically. I am not sure what Scotus’s settled view is, if he has one.

3 For Averroes on matter as una numero, see In Meta. XII.14. Jandun remarks that this text “considerandum est
diligenter” (In Phys. I.24, f. 22vaE).

Jandun gives a clear statement of the predictable case against extended prime matter: “omnis diversitas et pluralitas est
per aliquem actum. Actus est enim qui distinguit et separat, ut communiter accipitur ex octavo Metaphysicorum. But
ipsa prima materia nullam formam habet de se: ergo de se non est distincta in diversis entibus naturalibus” (In Phys. I.24,
f. 22raD; cf. f. 22rbD). See also the argument of an anonymous quaestio printed at the end of Jandun’s In De subst. orbis
(f. 63aB): “Pro solutione est notandum quod materia de se est solum pura potentia, nec habet aliquem actum de se; et
ideo, quod materia sit multa vel pauca, hoc non habet a se, sed a quantitate.” (This is the second of two questions, the
first of which [I will call it Anonymous A] takes a broadly Thomistic line, and the second of which [I will call it
Anonymous B] takes a line much like Jandun’s.
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Although, as we will see in some detail in later chapters, it was commonplace to discuss
holenmeric existence in the context of God, the angels, and the human soul, few were
keen to advertise their commitment to this doctrine in the case of prime matter. Indeed,
the doctrine is most readily seen in its opponents, who understandably reject it as quite
absurd.4 An unusually express defense of the theory can be found in the Jesuit Gabriel
Vasquez, writing toward the end of the sixteenth century. Vasquez contends that
indivisibility is the natural intrinsic state of all substances, material and immaterial.
Material substances are extended in virtue of taking on the accidental form of quantity,
but “neither prime matter nor any corporeal substance of itself has parts without
quantity” (In summam theol. III.187.2 n. 10). To lack parts, though, entails “the distinc-
tive mode of existing in a place indivisibly: either at a point, or so as to be whole in the
whole place and whole in each part” (ibid. 190.3 n. 27). Conceived in the latter way,
prime matter can both lack parts and exist within bodies. For if a thing exists wholly in
every place it exists, then it need have no spatial parts, and it is in some sense indivisible.
Accordingly, given the standard scholastic definition of extension as having partem extra
partem, prime matter is not extended.5

As usual with prime matter, it is easy to see how one might arrive at such a
counterintuitive result. For if one is committed to a seriously austere conception of
prime matter, then it will lack even those features that would serve to distinguish it into
distinct parts. One might try to squirm out of this result by holding that prime matter is
so austerely bare that it neither has parts nor lacks them. Jandun describes someone
who tried to take this line, maintaining that prime matter would be neither many nor
one, but indeterminate even with regard to number. Although the previous chapter
considered the appeal of treating prime matter as indeterminate, Jandun seems right
that this would push the paradox of prime matter too far. In his words, one and many
“sufficiently divide being”—that is, there is nothing that is neither one nor many. So if
prime matter exists, we cannot escape having to decide whether it is a single, indivisible
thing, or else divisible. Jandun therefore concludes that “prime matter is numerically
one in all generable and corruptible things.”6

4 Many are explicit in rejecting the idea that prime matter could be numerically one in all things. Burley, for instance,
rejects the literal reading of “illud commune dictum” as “impossibile” (De formis pp. 8–9). See also Dabillon, Physique I.3.2
thesis 6, p. 111. Ockham in effect argues that the Simple View leads to holenmerism when he argues that every extended
material substance must have real parts spatially distinct from each other, or otherwise it would exist as the soul does,
“tota in toto corpore et tota in qualibet parte.” For this to be true of a material substance “est absurdum” (Tract. de corp.
Christi ch. 12; Opera theol. X:114). David Gorlaeus (Exercitationes 6, p. 98) sees two ways in which matter might exist
without quantity: as an extensionless point, or as spread out but without partem extra partem. He regards both as patently
absurd, and so insists that bodies have parts intrinsically. He treats their shape and size, however, as modes (}13.4).

5 I have not found Aquinas commit himself to prime matter’s existing holenmerically, but he expressly leaves room
for this when he considers the objection that God cannot be everywhere because “quod est totum alicubi, nihil eius est
extra locum illum.” He responds by distinguishing between metaphysical and integral parts (the former expressly
includes matter and form; his terminology is pars essentiae and pars quantitatis), and then explains that whereas “quod est
totum in aliquo loco totalitate quantitatis non potest esse extra locum illum . . . , non oportet quod illud quod est totum
totalitate essentiae in aliquo nullo modo sit extra illud” (Summa theol. 1a 8.2 obj. 3 & ad 3).

John Major expressly recognizes the possibility that a body without quantity would exist holenmerically, and as far as I
can tell this is the view he favors (Sent. IV.12.1, f. 55rb).

6 On the excluded middle between one and many, Jandun writes: “Et de ista quidem prima et remota materia
dixerunt aliqui quod ipsa de se nec est una nec plures: quod probaverunt ex hoc, quod ipsa de se nec habet quantitatem
indivisam, quae est principium unitatis numeralis secundum eos, nec multas quantitates distinctas, a quibus est pluralitas
numeralis, cum ipsa sit ens pure in potentia. Sed istud non sufficit: quia unum et multa sufficienter dividens ens
secundum Arist. in decimo Metaphys” (In Phys. I.24, f. 22rbB).
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4.2. The Extensionless Parts View

One might reasonably complain that the Simple View does not yield a truly extension-
less conception of prime matter. For although prime matter so conceived does not have
parts, and so a fortiori cannot be described as having partem extra partem, still the view
allows that such matter can be spread out in a certain way, holenmerically, existing
(wholly) in more than one place at once. Whether or not such existence should
properly be regarded as a way of being extended is an issue that will be considered in
more detail later, in discussing the soul’s similar mode of location in the body (}16.4).
Here, rather than worry about how best to apply the term ‘extension,’ let us
simply move on to discuss a second way in which prime matter might fail to satisfy
the scholastic definition: by having parts that fail to be spread out. On this sort of
view, matter is not intrinsically extended, which is to say that it might exist without
extension. Ordinarily, of course, matter is spread out, and so extended, but it is so only
in virtue of the accidental form of quantity. The Coimbrans take this view:

Matter of itself, apart from quantity, has substantial parts from which it is intrinsically com-
posed. It does not have them extended and arranged in order, however, one outside another,
without the aid of quantity. It is the role of quantity to take those parts, which would otherwise
be mixed up and entangled, and spread them out and unfold them. (In Phys. I.2.2.3, p. 96)

This is picturesque, but not very illuminating, and the Coimbrans have nothing more to
say here about what substantial parts are, or what it is for them to be “entangled” or
“spread out.” They identify Scotus as the source of this doctrine, and Scotus does
indeed speak of prime matter, apart from quantity, as having substantial parts.7 But the
clearest discussion I have found is in Paul of Venice, from around the start of the
fifteenth century. Paul gives a deflationary reading of Averroes’s claim that matter is
“numerically one” in all bodies. It does not mean that matter exists simply (partlessly)
and holenmerically; rather, Averroes’s formula should be read merely as a statement of
the substratum thesis: that there is numerically one stuff enduring through any given
material change (}2.2). To the objection that prime matter cannot be a basic principle
because it has parts, Paul grants that it does have parts, and then contends that having
homogeneous parts is no obstacle to being a basic principle. So what are these parts?
He explains this, somewhat, in a discussion of what prime matter would be like apart
from quantity:

Matter stripped of quantity is quantitatively divisible not actually but aptitudinally or po-
tentially. This is clear, because such matter does not actually have partem extra partem, but is
apt by 3nature to have partem extra partem through the addition of a quantity that extends it.
This is the reason why non-quantified matter can be made quantified, whereas a point or an

7 Scotus appeals very briefly to substantial parts at Opus Ox. II.12.2 n. 5 (VI.2:683 [not in Ordinatio]): “Si quaeras etiam
an habeat partes, dico quod partes substantiales habet: illas enim non habet per quantitatem”; see also Rep. II.12.2 n. 7
(XI:322b). Gabriel Biel describes the view without endorsing it (Sent. II.12.1.3, II:306–7). Suárez discusses it in detail at
Disp. meta. 40.4, and refers to many other discussions. For critical discussion, see also Vasquez, In Summam theol. III.186.4
nn. 24–5 (VII:266); III.190.3 nn. 32–3 (VII:304). For references to further defenders of the view, see }14.1, although the
focus there is on whether the matter–form composite is extended, which entangles the role of prime matter with the role
of substantial form.
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intellective soul cannot. For non-quantified matter has integral parts, each one of which can
be outside 6(extra) another. A point or an intellective soul, in contrast, is entirely indivisible in
virtue of lacking parts. (Summa philosophiae naturalis VI.13, f. 102ra)

This nicely situates Paul’s view, relative to the opposition. Unlike the Simple View, he
takes prime matter to have parts, even describing them as “integral parts” (line 5). This
is a large step toward a corpuscular theory of prime matter: Paul evidently conceives of
matter as a stuff composed of parts in the straightforward way in which ordinary bodies
are ordinarily composed of integral parts. This is to give prime matter what I will call
corpuscular structure.8

On this Extensionless Parts View, prime matter has its corpuscular structure intrinsi-
cally, and so necessarily, but it does not necessarily have any particular size. Not only
can the same matter become larger and smaller, as it is informed by different quantities,
but it can cease to have any size at all, if stripped of quantity entirely. This last
possibility is what unites the Simple View and the Extensionless Parts View. The two
theories agree that since prime matter is not intrinsically extended, it can exist without
being spread out. This is to say that the extension of material substances (bodies, for
short) is not a product of prime matter, but of something else, of accidents in the
category of Quantity. But if prime matter is not what accounts for the extension of
bodies, then what does it account for? Here the two theories disagree. On the
Extensionless Parts View, prime matter explains the corpuscular structure of
bodies: that is, the way larger bodies are composed of smaller bodies, perhaps infinitely
far down. (On the complex question of how many such integral parts a body has, see
Ch. 26.) The Simple View does not allow prime matter to do even that much: as
pure potentiality, it cannot account for anything on the side of actuality, which is
where corpuscular structure would seem to fall. So what does it do? Its role, on the
Simple View, is simply to serve as the barest of substrata for all material change—
an entity whose existence is mandated by the substratum and conservation theses
(Ch. 2), but whose nature is both unknowable (}7.2) and fraught with paradoxical
indeterminacy (}3.1).

As abstruse as the topics of prime matter and accidental quantity may seem to be, the
questions they raise about corpuscular structure go to the very heart of post-scholastic
seventeenth-century thought. One of the defining features of corpuscularianism is that
it takes corpuscular structure to be a basic feature of the material realm, not subject
to any deeper explanatory account. I will return to these issues in Chapter 14, from
the perspective of accidental forms in the category of Quantity. (There corpuscular
structure will come to include not just having integral parts, but having those parts
spread out spatially.) For now, however, I want to consider briefly a third sort of
extensionless view regarding prime matter, which might seem to be more attractive

8 Paul of Venice readily grants that both prime matter and substantial form are composed of parts: “Item, cum dicitur
quod materia et forma fiunt ex aliis tanquam ex suis partibus, concedo: non tamen ex aliis diversarum rationum” (Summa
phil. nat. I.4, f. 3ra). On the important debate over whether substantial forms have parts, see }26.6.

With respect to the Averroistic dictum that prime matter is numerically one, Paul of Venice responds as follows: “Ad
tertium dicitur quod propositio Commentatoris est sic intelligenda: eademmateria numero erit successive sub cuiuslibet
generabilis et corruptibilis specie, et hoc est verum” (ibid.). Ockham had already offered much the same reading of the
Averroist tag: “materia est una numero in generato et corrupto, quamvis sint in diversis generatis simul exsistentibus
diversae materiae . . . ” (Summula I.9, Opera phil. VI:180).
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than either of the two just discussed. This third view combines elements of the first
two: it describes prime matter as intrinsically simple, apart from quantity, as on the
Simple View, and then supposes that, when informed by quantity, prime matter
acquires parts, as on the Extensionless Parts View. This hybrid account might seem
to capture the best elements of the other two views. Like the Simple View, it preserves
the pure potentiality of prime matter, but it does so without having to embrace the
weird notion that prime matter exists holenmerically throughout bodies. For within
bodies, when informed by quantity, prime matter on this third view takes on a familiar
corpuscular structure.
Despite the apparent attractions, I have not found any scholastic author defending

this hybrid approach. What I have found are authors who attack it, construing theories
of extensionless prime matter as committed to this sort of account rather than to either
of the first two approaches. It is no surprise the view attracts criticism. For if one does
think of the doctrine of extensionless prime matter in this third, hybrid way, then it
seems vulnerable to devastating criticism, because it requires matter to go from existing
as something simple to existing as something constituted of distinct parts. The problem
with this is that it seems doubtful whether anything could change so radically, and
yet retain its identity. But retaining its identity is of course the raison d’être of prime
matter. Peter Auriol makes this kind of objection. Beginning with the stock complaint
of unintelligibility—that “prime matter cannot be imagined or understood without
dimension”—he goes on to offer this very specific objection:

Matter cannot be understood in terms of something indivisible, in the manner of a point. For it
is impossible for what is divisible ( partibile) to be conceptually separated and grasped as
indivisible (impartibile). For in that case multiple and distinct things would pass into what
is really identical and undivided (indivisam), which is impossible. (Sent. II.12.1.4, II:164bD;
cf. II:163bB)

Consider prime matter as present in all material objects. Now conceive of it
as unextended. This requires conceiving of something as first “multiple and distinct”
and then “really identical and undivided” (line 4), in the manner of a mathematical
point. Nothing can “pass” from the one state to the other. But if prime matter is
not intrinsically extended, then it will have to make just such a passage, whenever
it functions as the bare substratum of change.
Auriol’s objection would be effective against the hybrid view, which treats prime

matter as going back and forth between a simple, indivisible state and a divisible,
structured state. Perhaps there were authors who defended such a view. But on the two
most prominent versions of the theory, extensionless prime matter is either never
divisible, because it never has parts, or else it is always divisible, because it always
has parts. In either case, prime matter serves as the substratum underlying all bodies,
no matter how they change, but it does so without going through the sort of
fundamental phase change that Auriol finds objectionable.
Is there anything that could go back and forth from being divisible to indivisible?

Interestingly, Auriol considers a familiar potential counterexample to his claim. It might
well seem that human beings go from being divisible to being indivisible, and then back
to being divisible, as they go from being wayfarers in this life to being disembodied
souls to being reunited with their resurrected bodies in heaven or hell. Auriol considers
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this, and denies it, on the grounds that human beings are essentially extended things—
that is, they essentially have bodies. This might seem quite a bold claim to make, but it
in fact is a perfectly orthodox scholastic view that the separated soul is not a human
being, and that therefore human beings go out of existence when they die, and come
back into existence only at the resurrection. This has a theological payoff, for if a
human being is essentially corporeal and cannot exist as a mere soul, then the
resurrection of bodies is shown to be necessary for human salvation, as Christian
doctrine teaches.9

4.3. Accidentally Quantified Matter: Averroism

It is not easy to get one’s mind around the idea of extensionless prime matter. Jacob
Zabarella finds the view flatly inconceivable, and so takes it to be virtually self-evident
that prime matter by nature is an extended stuff:

This is so completely certain that, for me, it is as if the thing speaks for itself. For if our mind
contemplates matter apart from forms, we can conceive of nothing other than a certain vast and
indistinct body, and a certain empty mass, as Plotinus said. When, on the other hand, we
consider form without matter, we conceive of something incorporeal and indivisible, which is
subsequently extended in quantified matter. If others have been granted such mental acuity
as to imagine incorporeal matter, I myself (let me confess my simplicity) cannot in the slightest
do so. (De rebus naturalibus, De prima rerum materia II.17, cols. 217–18)

This is a nice example of the relatively colorful, personal style of sixteenth-century
Italian scholasticism. Anyone who comes to the great Paduan scholastics after being
immersed in earlier work from Oxford and Paris can hardly help but feel like a witness
to the beginnings of a transition from the dry, technical work of the thirteenth- and
fourteenth-century schoolmen to the comparatively airy, accessible prose of Galileo,
Descartes, or Hobbes. In content, too, there is something unscholastic about this
passage. The point Zabarella wants to make is much the same as the point we saw
Descartes and others make in }3.3: that prime matter, if stripped of everything,
including extension, becomes utterly unintelligible. What makes this alien to scholastic
thought is that the scholastics positively embraced the unintelligibility of prime matter
(}7.2). Although it would be a commonplace of seventeenth-century thought that the
natural philosopher should postulate only what is intelligible, this was not an idea that

9 Auriol confronts the potential human counterexample as follows: “Sed hic oritur duplex dubium. Primum est quod
ratio concludit de omni partibili; non ergo est propter hoc proprium materiae, immo concludit de omnibus corporalibus
formis. . . . Ad primum concedo consequens. Impossibile est enim intelligi hominem sine quantitate” (Sent. II.12.1.4,
II:165aA).

The best-known expression of the view that human beings are essentially corporeal is Aquinas’s. See, e.g., In I Cor.
15.2: “constat quod homo naturaliter desiderat salutem sui ipsius; anima autem cum sit pars corporis hominis, non est
totus homo, et anima mea non est ego; unde licet anima consequatur salutem in alia vita, non tamen ego vel quilibet
homo.” For discussion, see Pasnau, Thomas Aquinas pp. 385–93. There is room for doubt, however, over just how to
interpret such passages; see Stump, Aquinas pp. 51–4.

Suárez makes an argument much like Auriol’s against extensionless prime matter. He rests his case on the interesting
claim that a thing’s principle of individuation must be intrinsic to it: “in universum censeo impossibile rem aliquam, quae
veram ac propriam realitatem habet, distingui ab alia simili per aliam entitatem a se distinctam” (Disp. meta. 40.4.8).
Given this principle, Suárez judges it impossible for matter to be simple and then to be divided into parts by quantity.
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had much currency among the scholastics. They did not tend to take for granted that
we can understand the natural world.10

What exactly is obscure about extensionless prime matter? At the top of the list, to be
sure, is the way that the Simple View denies corpuscular structure to matter, and so
apparently requires it to exist holenmerically throughout bodies. This is weird, and
perhaps even inconceivable, but it seems to be a consequence of taking the pure
potentiality doctrine with complete seriousness. Setting that consequence aside, both
versions of the extensionless view are committed to something further: that prime
matter is not necessarily spread out, but might instead lack extension altogether,
inasmuch as it might be located at an extensionless point. At a minimum, this is
supposed to be a logical possibility. Even those who deny that God could make matter
apart from all form (}3.1) ought to grant that God could make matter without the form
of quantity.11 Is anything at stake beyond this sort of bare logical possibility? Certainly
no one thinks that there is a naturally occurring moment at which prime matter is
reduced to a point. Many hold the view that substantial change goes “down to prime
matter,” in the sense that in such change there is a complete stripping away of all forms,
and the introduction of brand new forms (}25.1).12 But even so there is no period of
time over which the bare prime matter endures. As Capreolus puts it, “the fire that is a
body is generated from matter that, at the instant of generation, totally loses its prior
dimensions and all preceding substantial and accidental forms, and at the same instant
acquires a substantial form and new dimensions” (Defensiones II.18.1.3, IV:156b). Yet
even if there is no time during which prime matter is reduced to a point, still there is a
sense in which unquantified prime matter plays a fundamental role in the natural order.
To see this, consider the one role that everyone agrees in ascribing to prime matter: its
serving as a substratum for substantial change. On the views in question, what endures
through substantial change is extensionless stuff. So although prime matter is never
naturally reduced to a point, still the causal role it plays (as the prime material cause of
change) gets played without quantity, and so without extension. In this sense one might

10 Zabarella’s appeal to Plotinus seems disingenuous, since no one is more insistent than Plotinus in holding that
prime matter is extensionless (see Enneads II.4). As far as I can make out, Plotinus’s strategy is to deny the excluded
middle between one and many that Jandun insists on. The doctrine of extensionless prime matter also occurs in Plato,
Timaeus 51ab: “if the thing that is to receive repeatedly throughout its whole self the likenesses of the intelligible objects,
the things that always are—if it is to do so successfully, then it ought to be devoid of any inherent characteristics of its
own. . . . But if we speak of it as an indivisible and characterless sort of thing, one that receives all things and shares in a
most perplexing way in what is intelligible, a thing extremely difficult to comprehend, we shall not be misled.”

11 Suárez (Disp. meta. 40.4.5) reports that Paulus Soncinas held a quite unusual combination of views: that matter and
quantity are distinct, but that it is contradictory for matter to exist without quantity (Suárez immediately goes on to add
that “Et haec sententia est valde vulgaris inter Thomistas,” but the context makes it clear that he is referring not to
Soncinas’s odd view, but rather to the thesis of indivisible prime matter. Regarding matter without quantity, Suárez a
little later remarks that “nemo . . . rationabiliter negare potest id fieri posse a Deo” [Disp. meta. 40.4.11]).

12 For endorsements of the claim that substantial change goes down to prime matter (resolutio usque ad materiam
primam), see, e.g., Nicole Oresme, In Gen. et cor. I.7; Cremonini, De formis elementorum II.6, pp. 71–4. This doctrine is
always understood to be qualified by the remark that there is not any moment of time at which bare prime matter exists
by itself. See, e.g., Oresme (ibid., p. 60): “nihil est illud instans medium, quia instans non est mensura aliqua, et adhuc
posito quod esset, tunc forma sequens haberet esse in illo instanti”; Anonymous A (f. 62rbB): “materia nunquam
denudatur a dimensionibus indeterminatis, quia nunquam est sine dimensione, licet sit sine hac vel illa: sicut etiam
materia nunquam denudatur a formis substantialibus, licet denudetur ab hac vel illa.” See too Albert the Great, In De gen.
et cor. I.1.21.
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say that it is almost as if the material substratum of change actually did occupy an
extensionless point.13

This feature of the extensionless view gave rise to a family of arguments in favor of
extended prime matter. These arguments are all variations on the general problem of
where extension comes from, if not from prime matter. All parties to the debate agree
that it does not come from substantial forms, which are not intrinsically extended.
Instead, as stressed already, extension is generally supposed to come from quantity.
Quantity, however, is an accidental form, and as such it would normally be expected to
inhere in the composite substance. Hence, if prime matter is extensionless, extension
would turn out to be an accident of composite material substances and so in some sense
posterior to those substances. To many, however, it seemed implausible that material
substances could in any sense be prior to quantity. In order to avoid this result, quantity
was often posited as inhering immediately in prime matter itself.

Various arguments of this general form were advanced, but the one most commonly
discussed was that of Averroes, in his treatise De substantia orbis.14 Perhaps because this
work is largely concerned with the heavens, it has not received much attention from
modern scholars. It was, however, one of the most important philosophical influences
on fourteenth-century conceptions of matter. Many commentaries were written on it,
and the overview of Aristotelian physics found in its first chapter did much to shape
how later scholastics thought about these issues. Averroes had argued that if the

13 On the idea that prime matter apart from form would exist at a point, see Pomponazzi, In De subst. orbis q. 3
(p. 275): “materia prima non denudatur a quantitatibus, quia sic esset sicut punctum.” (Pomponazzi is appealing to
Averroes, In Gen. et cor. I.27, who remarks that “punctum esse materiam et vacuum manifestum est quod impossibile
est.”) See also Robert Orford,De natura materiae ch. 5 (n. 392): “Si enim possibile esset ipsam totam spoliari et denudari ab
omni forma quam modo habet, certum est quod nihil diversitatis in ea reperiretur in aliqua partium distantia, cum
quantitas sine forma substantiali in materia esse non possit, ut dictum est.” Vasquez denies that matter without quantity
would collapse to a point, because he thinks that without quantity it could not move (In Summam theol. III.190.3 n. 30,
VII:303a). Surprisingly, even though he thinks quantity is what makes matter have parts, he nevertheless thinks that
matter stripped of quantity would retain whatever parts it already has (ibid., 190.5 n. 52, VII:309b). (Magnen reports
Vasquez’s view, but gets this particular detail wrong: “Materia spoliata quantitate est tota in toto et tota in qualibet parte,
et totius mundi materia in punctum mathematicum conflueret, si quantitate spoliaretur; ita Vasquez et alii” [Democritus
reviviscens p. 51].)

The idea that matter without quantity would exist at an extensionless point is challenged by Peter John Olivi, who
contends that the notion of such a point hasmeaning only in the context of quantity: “ . . . cum punctus sit aliquid de genere
quantitatis nec dicat aliquid extrinsecum ultra partes quantitatis situatum” (Summa II.58, II:441). Hence he argues that
matter without quantity would have to be incorporeal in the way spiritual entities are, which he dismisses as absurd. (In
}14.4, we will see Ockham saying something similar about the natural possibility of existence at an extensionless point.)

Anonymous A takes prime matter, conceived of as the subject of generation, to lack locus: “Philosophus quinto
Physicorum probat per talem rationem quod generatio non sit motus: quod movetur est in loco; quod generatur non est
in loco. Sed subjectum generationis est materia prima. Ergo materia prima non est in loco. Ergo materia prima ut est
subiectum generationis non est quanta” (f. 61vbE). This might suggest that prime matter lacks location entirely, but the
passage is more plausibly understood as describing existence merely at a point (see note 2 above). The passage is also
noteworthy for focusing on prime matter “as it is the subject of generation,” which seems to be the maneuver suggested
in the main text of focusing on prime matter as the stuff that endures, by itself, through substantial change. Another
instance of that maneuver comes in Cajetan, In De ente q. 17 (n. 139, tr. p. 305): “corpus enim fit ex materia quae non est
corpus et indivisibilis in actu licet sit corpus et divisibilis in potentia.”

14 I translate from the Latin De substantia orbis, as printed in Aristotle, Opera. The Hebrew text is available along with
a good English translation by Hyman. Printed Latin commentaries include those of Alvaro de Toledo, Jandun,
Theodoricus de Magdeburg, Pietro Pomponazzi, Tiberio Baccilieri, and Agostino Nifo. Jandun’s commentary was
seemingly the most influential, judging from its having been reprinted eight times, all in Venice. See also Zimmermann,
“Kommentare.” Edward Mahoney has questioned whether Jandun is indeed the author of the commentary printed
under his name, but the views described there seem to fit with what Jandun says elsewhere, and I provisionally retain the
attribution.

62 Matter and Extension



enduring subject of change “did not have dimensions, it would not receive at the same
time forms that are distinct either in number or kind; instead, there would be found at
one time only one form” (Opera IX:3va). In effect, Averroes asks us to consider a
variation of the old question, Why is there something rather than nothing? Averroes’s
variation asks:Why are there many things rather than just one thing? and his answer is that
there are many things because there is extended matter to compose the many. This
answer would fuel much speculation about whether quantitative dimensions might be
the much sought after principle of individuation for material substances. But here we
need concern ourselves only with a more modest claim: that, as far as material things
are concerned, the extension of matter is a necessary precondition for any sort of
variety among forms. The argument can be applied, and was applied, to forms of all
kinds. Why is there a white surface of such shape and size? Not because of the form
whiteness, but because the subject of that form is extended. Why does a human being
have a complex organic body with different parts organized in various different ways?
The soul gives rise to this complex structure, but it can do so only because there is an
extended body that serves as the canvas, as it were, for these various parts. Why are
there many human beings, as well as many substances of other kinds? The individual
substantial forms give rise to the individual substances (Ch. 24), but can do so only
if there is matter enough to provide a sufficiently extended subject for this variety.
Many scholastics would advance this same argument, in various permutations.15 It

seems to compel us to ascribe extension to prime matter prior to generation. To say
that a substantial form cannot inform extensionless matter is to say that generation
cannot take place when the enduring subject is extensionless. Hence we get the very
specific result that what endures through substantial change is not austerely bare, but
extended. If prime matter did not, prior to substantial form, already have extension—
having both parts and having those parts be spread out—then there could be but one,
simple material being. If the notion of a simple material being seems contradictory,
then you are seeing precisely Averroes’s point.
It cannot be said that this argument settled anything. Its evaluation crucially depends

on the notion of priority: matter is said to be prior to the substantial form, which in turn
is prior to accidental form. For a scholastic author, hardly anything was so likely to
precipitate a lengthy disputatio as talk of priority, in its various kinds. In the present case,
the priority of matter can be understood in the straightforward temporal sense, given
matter’s endurance through change. The priority of substantial over accidental form
has to be understood in some subtler way, however, since there is no point in time at
which the composite substance exists prior to all accidents, like some sort of featherless
hatchling. Hence Averroes’s argument gave rise to all sorts of subtle discussions—
which I will not try even to summarize—over how quantity might supply the necessary
extension while still being posterior, in the appropriate sense, to substantial form.

15 For versions of Averroes’s argument see Jandun (In De subst. orbis q. 6, f. 54aC), Auriol (Sent. II.12.1.4, II:163bF),
Pererius (De communibus principiis V.18, p. 323), Zabarella (De rebus nat., De prima rerum materia II.8, col. 194), and
Burgersdijk (Collegium Physicum II.16, p. 23). Anonymous B (f. 63raD) remarks that “tota necessitas ponendi dimensiones
interminatas praecedere formam est ut det ei esse partibile et transmutabile.” Perhaps the most sophisticated attempt to
refute Averroes is that of Cajetan, In De ente q. 17.
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Those who reject extensionless theories in favor of an extended substratum of
change face a choice over whether to treat matter as extended, intrinsically, by its
very nature, or else as extended in virtue of some superadded form. The first view was
Ockham’s (}4.4), and although it is by far the most straightforward of the different
theories of prime matter, it was a minority view until the seventeenth century. Much
more common among scholastic authors was Averroes’s solution: that prime matter
exists “coeternally” with an accidental form that gives it “indeterminate dimensions.”
Even Aquinas himself took this view in his earliest work, and his later change of mind
on this score—in favor of the view that all accidents inhere in the composite substance
(}6.3), and that bare prime matter is all that endures through substantial change
(}25.1)—is perhaps his most dramatic change of mind in any area.16 Authors who
follow Averroes, as do John of Jandun and Peter Auriol, agree with the Thomists on the
nature of prime matter itself. This is why, earlier, I could quote Jandun in support of the
Simple View. Jandun believes that prime matter, in its own right, is numerically one in
all things (}4.1 above). But Jandun thinks there is another sort of matter, “propinquitous
matter,” which is always informed by quantity, and so is always extended (In Phys. I.24).
So if we think of prime matter more broadly, as whatever it is that endures through all
change (the broad usage of Chs. 2–3), then the Averroistic view in effect supplants
extensionless prime matter with an enduring stuff that is extended. (Yet another view,
associated with Avicenna, holds that prime matter is extended in virtue of a substantial
form that endures through all substantial change. This view is interesting in the context
of debates over whether there can be a plurality of substantial forms in a single
substance [Ch. 25], but can be set aside for the purposes of this study, because it
received essentially no support from scholastic authors.)17

The Averroistic theory holds that an accidental form inheres directly in prime
matter. This in itself was a controversial claim; as we will see in }6.3 there was
considerable debate over whether accidents should ever be conceived of as inhering
in prime matter, rather than in the matter–form composite. But the Averroistic theory
must hold something more: that the quantity of prime matter is an accident it never
loses, even in the process of substantial change. Matter is created by God under the
form of quantity, and retains that form for as long as it exists. Here again we can see the
purity of the Simple View being relaxed in the direction of a corpuscular conception of
matter. The enduring substratum of change, for the Averroist, is something rather like
Cartesian res extensa. But the similarities go only so far, because Averroists always
insisted that the quantity of prime matter is indeterminate, and that in generation the

16 Aquinas expressly endorses Averroism at Sent. II.3.1.4c, Sent. IV.12.1.2.4c, Sent. IV.44 .1.1.1 ad 3, De veritate 5.9 ad 6,
but implicitly rejects it in later works, such as Summa theol. 1a 76.6 ad 2. Important later advocates include Jandun (In De
subst. orbis q. 6), Auriol (Sent. II.12.1), Gregory of Rimini (Sent. II.12.2.1), and Pomponazzi (In De subst. orbis q. 3).
Pomponazzi contrasts Averroism with the communis modus dicendi, of Aquinas, Giles of Rome, and Scotus—although in
fact Giles at least sometimes defended an idiosyncratic version of Averroism (see note 23 below).

17 The idea that it might be an enduring substantial form that gives prime matter its quantity is ascribed to Avicenna
by Averroes (De subst. orbis ch. 1 [Opera IX:3vab]) and also by subsequent Latin authors (see, e.g., Robert Orford, De
natura materiae ch. 4 [n. 379]; Zabarella, De rebus nat., De prima rerum materia II.12, col. 206; Suárez, Disp. meta. 13.3.5).
Hyman, “Aristotle’s ‘First Matter’,” tends to bear out this understanding of Avicenna (and is also helpful on Averroes’s
view, and on the background prior to Avicenna). A hybrid version of Avicennism and Averroism is defended by
Theodoricus de Magdeburg, In De subst. orbis qq. 7–8. Both Scotus and Henry of Ghent appeal to a forma corporeitatis that
can endure through substantial change (see Ch. 25), but this is not the same view because they do not regard this forma
corporeitatis as enduring incorruptibly through all material change.
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matter takes on a determinate quantity in virtue of some further form.18 This way of
developing the theory allowed Averroists to account for a substance’s changing its
quantity, which is something that nearly every scholastic wanted to allow (}4.5). But it
raised various troubling issues. One sort of issue concerns the theory’s apparent
profligacy: it seems on its face to postulate both multiple accidental quantities and
multiple matters within the same substance. Jandun, for one, denies that he is com-
mitted to the first, but seems committed to the second, since he postulates both simple
prime matter and quantified “propinquitous” matter. Another problem for the theory is
its notion of indeterminate dimensions. Jandun contrasts the indeterminate, potential
quantity of prime matter with “dimensions as they are in complete actuality and under
their proper limits” (In De subst. orbis q. 6, f. 54bH). Hence prime matter—that is, the
enduring substratum of change—is allegedly extended in such a way as to lack any
boundary. This might make good sense if prime matter were infinite in extension. But
of course that itself would be just the sort of actuality and determination that Averroism
seeks to avoid. Hence their strategy again flaunts the central paradox of prime matter
(}3.1): that it is a real stuff, now really extended in virtue of having inseparable quantity,
but without being a stuff of any determinate kind, and now without being of any
determinate size.
One might think that extending the paradox to the case of extension adds no further

liability to the theory. If the concept of indeterminate prime matter is coherent in
general, then why not add extension to the mix? Jandun in effect tries to motivate the
theory along these lines, by repeatedly treating indeterminate quantity as exactly
analogous to the indeterminacy of prime matter. Critics of Averroism thought that it
faced a special problem, however, in virtue of treating indeterminate extension as
arising from the side of form (namely, from an accident in the category of Quantity).
Perhaps matter, by its very nature, has the paradoxical character of indeterminacy. But
form, by its very nature, is determinate, and so it makes no sense to suppose that prime
matter’s indeterminacy springs in part from its having a certain form. This is a line of
argument that Nicole Oresme advanced, in the middle of the fourteenth century.
Insisting that no forms endure through substantial change, he argues against Averroism
that “every material quantity is corruptible” (In Gen. et cor. I.7, p. 59) inasmuch as
anything can be made to change its shape and size. In saying that, he is presupposing
that all quantities are determinate quantities. No quantities can be determinable, he
believes, because in general no forms can be determinable. Just as a piece of wax can
have only one shape at a time, so matter can have only one form of a given kind. “If one
understands what ‘form’ signifies, it seems to imply a contradiction for the form of fire
to inhere in something without that thing’s being fire” (ibid.). Similarly, Oresme wants
to claim, there cannot be a quantity that inheres in a subject without making that
subject be a certain quantity. Suárez, several centuries later, makes this same point
more explicitly. “There can be no form that gives generic being solely, without also
giving something specific being within that genus” (Disp. meta. 13.3.17). He argues for

18 Averroism usually is spelled out in terms of a single form of quantity, indeterminate when conceived apart from
substantial form, and then made determinate in the composite. See, e.g., Jandun, In De subst. orbis q. 6 (f. 54aFG); Auriol,
Sent. II.12.1.3 (II:162bF); Pomponazzi, In De subst. orbis q. 3 (pp. 291–8). On scholastic conceptions of indeterminate
dimensions, see Donati, “The Notion of ‘Dimensiones indeterminatae’.”
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this by induction, working his way through different sorts of forms, and claiming, for
instance, that there is no form of color but only forms for specific colors, and no form
that makes an angel be spiritual, but only forms that give an angel its specific nature, and
so on.19

In }3.3, following Auriol’s lead, I tried to defend the notion of indeterminate prime
matter by appealing, in effect, to indeterminate forms like color and spiritual. If there is
nothing incoherent in determinable properties like this, the thought was, there should
be nothing incoherent in determinable prime matter. Oresme and Suárez would
find the comparison unhelpful because they think indeterminate forms are much
worse than indeterminate matter. Indeterminacy just is part of the character of matter
(and to that extent, Suárez remarks [ibid., n. 18], it actually has a specific character).
Forms, in contrast, by their very nature, are always determinate: they make a thing be
such and such, and so cannot bring about the sort of partial being that stands in need
of completion by some further form. Admittedly, however, this amounts to little
more than the bare assertion that there are no determinable forms. Someone who fails
to see the plausibility in that should not be moved by these considerations to give up
Averroism.

4.4. Intrinsic Extension: Ockham, Zabarella, Pererius

The taxing subtlety of the discussion up until now has sprung from the scholastic desire
to give a metaphysical analysis of why material objects are extended. If this project
seems quite alien to our modern sensibilities, we perhaps have the seventeenth century
to thank for that. But the idea that extension might just be a brute feature of matter
goes back much earlier, all the way to the ancient atomists, and would receive an
extremely powerful and systematic defense in the scholastic period, in the hands of
William Ockham. As we will see in }14.3, Ockham regards Quantity as an entirely
superfluous ontological category. His ultimate foundation for that controversial stand is
the conviction that matter is intrinsically extended. His account of this view starts out
by rejecting the Simple View’s indivisible matter, numerically the same in all bodies.

Matter successively receives distinct forms. . . . This matter is numerically one in the thing
generated and the thing corrupted, but in distinct generated things existing at the same time
there is distinct matter. Such matter is of entirely the same nature and can make numerically
one matter—in the way in which two pools of water that are separate from one another can be
united and make numerically one water. (Summula I.9, Opera phil. VI:180)

If matter is not indivisible, then of course it must be divisible:

It is impossible for matter to exist without extension, because it is not possible for matter to exist
unless it has part distant from part. Hence although the parts of matter can be united in the way
in which the parts of water and air can be united, still the parts of matter can never exist in the
same place. (Summula I.13, VI:191)

19 For further discussion of Suárez’s argument against indeterminate dimensions, see Des Chene, Physiologia
pp. 89–90.

66 Matter and Extension



Against the Simple View, matter always has parts, even if those parts can be combined
into something, like a pool of water, that we regard as one thing. Against the
Extensionless Parts View, the parts of matter must (naturally speaking) be spread out
in space. Moreover, prime matter is intrinsically extended, which is to say that its
extension obtains not in virtue of any further form, accidental or substantial, inhering in
matter, but as a feature of matter itself. Ockham’s constant attention to questions of
ontological parsimony leads him to stress that “just as the distance of one part of matter
from another part is not an absolute thing distinct from those parts, so neither are
extension nor quantity nor dimensions distinct things” (VI:192). To be extended just
is to have parts spread out in space, and this is a naturally necessary, intrinsic feature
of matter.
Ockham’s conception of matter is the foundation of his entire natural philosophy.

His reductive arguments against various kinds of real accidents—which later four-
teenth-century authors developed to the verge of corpuscularianism (see Ch. 19)—are
all grounded on a conception of matter as consisting of parts spread out in space. This
broader ontological program can succeed only if Ockham can make good on his claim
of parsimony at the ground level, but the issues extend too widely to be pursued
in detail here, and so will have to wait until more of the theory comes into view
(see esp. }14.3, }17.4, and }19.2).20

Subsequent scholastic authors were not generally moved by Ockham’s position.
Although one finds it in some later nominalists, such as Albert of Saxony, it struck most
scholastics as too great a departure from an Aristotelian conception of matter as
standing in potentiality to the actuality of form. The view does, however, begin to
come into prominence in the sixteenth century, even among scholastic authors.
Zabarella, for instance, definds the view that “prime matter, according to its own
proper nature, apart from every form, is a body in the category of substance” (De rebus
naturalibus, De prima rerum materia II.17, cols. 214–15).21 It is somewhat surprising to
find this view in Zabarella, because he takes a much more austere line than does
Ockham on the pure potentiality of matter. Sounding very much like a proponent of

20 Ockham, at Summula I.12 (VI:188–91) runs through a series of arguments and counter-arguments against prime
matter’s numerical unity in distinct bodies. See also In Phys. I.18.7 (Opera phil. IV:207). Where the Summula argues that
matter is necessarily extended, he must have in mind natural necessity, because elsewhere he allows that God could
deprive matter of its extension, by making all its parts exist at the same point (see note 23 below). For a very good
discussion of Ockham’s overall view, see Adams, William Ockham II:671–95.

Others who take a view like Ockham’s are John Dumbleton, Summa II.11; Oresme, In Phys. I.14; Albert of Saxony, In
De gen. et cor. I.5; Dabillon, Physique I.3.3 p. 122.

21 Zabarella, oddly enough, seems unaware of Ockham’s view in this regard: “Ego puto primammateriam secundum
propriam naturam, et seclusa omni forma esse corpus de categoria substantiae: quam sententiam, quanquam a nullo
recentiorum receptam, nitar et ratione et antiquorum philosophorum testimonio comprobare” (De rebus nat., De prima
rerum materia II.17, cols. 214–15). This description fits Ockham’s view even down to the willingness to characterize
prime matter as a body; see Ockham, In Phys. I.15.9 (IV:165) and IV.9.1 (V:106), where he describes matter as a corpus
only in a broad sense, reserving the narrow sense for something extended that can exist per se. Zabarella was certainly
well aware of Ockham’s general nominalist agenda, and Ockham’s Summulawas published in two Italian editions around
the start of the sixteenth century. Even so, Ockham’s position on matter seems not to have been taken up by subsequent
scholastic disputes in the way so many of his other views were. The ancient sources Zabarella has in mind are Plotinus
and the Greek commentators. The closest ancient counterpart is perhaps the view of Philoponus, whom Zabarella says
“aliorum omnium proxime ad veritatem Ioannes accessit” (II.18, col. 219). But Zabarella thinks Philoponus made the
mistake of treating matter as identical with three dimensions, rather than as having three dimensions. For recent
discussions of Philoponus’s views here, see Grant, Much Ado pp. 19–21; Sorabji, Matter, Space, and Motion pp. 23–30.
Philoponus’s alleged mistake will come up again in }8.4, in the context of Descartes.
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the Simple View, Zabarella insists that matter has no actuality whatsoever, not even the
actuality of existence. (Its existence comes through form.)22 Still, it must have exten-
sion, he argues, reciting many of the standard arguments for Averroism. But just when
it seems that Zabarella will defend some version of the Accidentally Quantified View,
he announces that matter is a body in its own right—or, in other words, that matter,
prior to form, is extended. (Given that Zabarella identifies prime matter as a body, we
could now switch terminology and speak of body rather than matter, thereby making a
transition to the dominant vocabulary of the seventeenth century. For the sake of
continuity, though, I will continue to speak throughout of matter, even in discussing
post-scholastic authors.) Zabarella probably has no precedent in supposing that matter
can be both pure potentiality and extended, but given that he goes down this road,
it is no surprise that he treats matter’s extension as indeterminate:

Body in the category of substance is taken in two ways. . . . The first is taken for a perfect body
having the actuality of existence per se, which is not only a body, but such a body, assigned to
some certain nature, and this of necessity is a composite consisting of matter and form. . . . Body
can be taken in a second way for an indeterminate body, assigned to no certain nature, which is
only a body, but not such a body, and this signifies prime matter. (De rebus naturalibus, De prima
rerum materia II.19, col. 225)

Because Zabarella locates this indeterminacy immediately in matter, he can avoid the
objections to indeterminate form. Yet whereas Zabarella thinks it incomprehensible
that prime matter should have no extension (as quoted earlier), he evidently finds
it perfectly intelligible for prime matter to have extension without any definite shape
or size.

Ockham is less enthusiastic about the doctrine of pure potentiality, endorsing it in
name but insisting that matter nevertheless has some degree of actuality. Unsurprising-
ly, he likewise hedges on the indeterminacy of matter’s extension. Like anyone who
could be considered an Aristotelian, he takes the determinate extension of a particular
body to come from the side of form. So extension of matter is indeterminate insofar as
“matter is not of itself necessarily of any certain quantity—for example, this extended
matter is not of itself necessarily of one-foot in quantity or two-feet, but has a greater or
lesser quantity in virtue of differences in form” (Summula I.13, VI:192). He goes on to
consider the objection that if matter gets its determinate extension through form, then
it is not extended in its own right—implicitly suggesting that indeterminate extension is
not extension at all. To this he replies that “although it does not have it of itself to be of
a certain, determinate quantity, still it has it of itself to be of such or such a quantity”
(VI:193), meaning that matter is intrinsically the sort of stuff that can have an extension
of one foot, two feet, etc. Still, he pushes the objection, wondering what extension

22 Zabarella opts for a pure potentiality account of matter as follows: “Si entitas pro existentia sumatur, materia non
habet entitatem proprium . . . ” (De rebus nat., De prima rerum materia II.4, col. 186B); “Materia prima in sua essentia
nullum continet actum, sed solam potentiam” (ibid., col. 186F). In his concluding remarks on prime matter, he connects
the pure potentiality doctrine with the indeterminacy of extension: “in ipsa materiae natura nullus actus inest, sed est
substantia quaedam indeterminata, potestatem habens recipiendi quemlibet actum. Ab hac materiae natura duae
proprietates emanant, quae ab ipsa nunquam separantur: una est quantitas nullum secundum se terminum habens;
prima enim radix et fons a quo in rebus naturalibus quantitas, ac dimensio derivatur, est ipsa natura materiae: altera vero
est potestas illa universalis recipiendi omnes formas indistincte” (II.21, col. 231AB). For Ockham’s take on the pure
potentiality doctrine, see Ch. 3 note 3.
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matter would have apart from form. To this he first responds that the hypothetical
assumption is impossible—matter cannot exist apart from form—and that one should
not worry about the absurdities that follow from an impossible assumption. Unable to
leave things at that, though, he hazards an answer to the question he had just cautioned
against answering: “If matter were separated from all form, substantial and accidental,
it would be of a certain quantity that suits it either by its nature or by the action of
what acts on it” (ibid., VI:193).
With this last remark, Ockham abandons the indeterminacy of extension, in the

sense that he allows that matter, all by itself, would have a perfectly determinate
quantity. It is easy to see how he might have arrived at this conclusion, given that on
the one hand there are compelling reasons for thinking that matter has quantity, and on
the other hand there is something very strange about a quantity that is perfectly
indeterminate. Still, in the context of scholastic discussions, this is an absolutely startling
outcome. It is almost as if someone defending the reality of color as a determinable
property were finally persuaded, after much cajoling, to admit that the property color,
if it occurred by itself, would have to make a thing be some determinate shade—even if
we will never know which one, since we will never encounter the determinable
property color on its own. To find someone else taking a position of this kind, ascribing
determinate quantity to matter, we again have to jump ahead several centuries to
Zabarella’s era, but this time to Benedictus Pererius. Pererius accepts a form of
Averroism, but in one crucial respect he is closer to Ockham than is Zabarella, because
Pererius thinks that accidental quantity gives prime matter not an indeterminate
extension, in the usual sense of that phrase, but a determinate extension that is fixed
for the duration of the matter’s existence:

It seems to us extremely likely to be true that the quantity out of which God created matter
inheres in matter, precedes substantial forms, and is indeterminate of its own nature while being
determined by natural agents for the variety of substantial 3forms that are imposed on the
matter. Of itself (per se) it is never generated or corrupted, but only by accident—that is, with
respect to its determination and shape. Take a ball of wax, for instance, and give it various
shapes. Let it be either round, long, or a cube. The wax’s quantity is 6not changed, whereas
its boundaries and shape vary. In this way a natural agent, by the addition and subtraction of
natural forms, changes the boundaries and shapes of a quantity. The form itself of the quantity,
however, which the matter possesses by its power, we understand to 9be fixed, stable, and
immutable. (De communibus principiis V.18, p. 322)

Pererius abides by the tradition of treating prime matter as having indeterminate
quantity (line 2), but he gives this a special sense: the quantity of prime matter
is indeterminate in the sense that it has no precise boundaries (lines 5–8). Still, the
quantity of the quantity, as it were, is fixed, as the example of the wax ball makes clear.
The idea, then, is that God creates a certain amount of matter, which is fixed for all time
(barring some subsequent act of creation or annihilation). Natural events subsequently
shape that matter in various ways, but the overall size of the material universe cannot
naturally change.
Because Pererius denies the indeterminacy of quantity, in its usual sense, he can

handle with ease some of the stock objections to extended prime matter. So to this
natural objection,
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There is no indeterminate quantity, even if it is considered in its own right apart from
substantial forms. For the universal mass (moles) of matter taken on its own is not infinite but
finite, inasmuch as the whole is contained beneath the orbit of the moon. (V.19, p. 328)

he can make this straightforward answer:

Although the universal mass of quantity is limited —that is, the bounded whole that is contained
by the ends of the heavens—nevertheless it is called indeterminate on account of the innumer-
able limits and shapes which it does not have in itself, but which it can take from natural agents
in virtue of the variety of substantial forms that are imposed on the matter. (V.20, p. 331)

These ideas mark a fundamental shift. Although Pererius shares with Ockham the
desire to ascribe a determinate quantity to matter, he goes one step farther to assert that
this quantity is invariable. This was not Ockham’s view. Ockham, when pressed, thinks
that matter on its own might have a determinate quantity—it might occupy so much
space—but he thinks that in the natural course of things it is form that determines just
how much quantity matter has. Thus, as quoted earlier, what determines whether
matter occupies one foot or two feet of space is the matter’s form. Readers unfamiliar
with scholastic natural philosophy might wrongly suppose that form can stretch matter
in this way only by introducing gaps into the matter. (Since scholastic authors were in
general agreement that there are not literally gaps in the sense of empty space
anywhere, such gaps would have to consist in some foreign material being pulled in
as a body is spread out.) But, as we will see in }15.2, scholastics before Pererius thought
a certain body could come to have greater or lesser extension without gaps being
introduced or eliminated. To make this clear, I will use the term ‘absolute volume’ to
refer to the sum total of an object’s extension, excluding any internal gaps, and speak
of absolute growth and absolute shrinkage to refer to a change in absolute volume, as
opposed to a mere reconfiguration into a more or less diffuse, gappy structure.
Ockham, along with all his contemporaries, believed that a body could undergo
absolute growth or shrinkage without adding or subtracting more matter. Although
matter was taken to be permanent in its existence, naturally capable neither of coming
into nor going out of existence (}2.5), it was not taken to possess a fixed absolute
volume.

To the modern reader, this conception of rarefaction and condensation—to use the
scholastic terms—may look as if it involves a kind of miracle. To scholastic authors, it
was usually taken for granted. We saw Oresme, in the previous section, claim that
“every material quantity is corruptible.” What he means by this is precisely the idea
that any given body can undergo absolute growth or shrinkage, in any part of that
body. The consequences of this for prime matter are set out starkly by pseudo-Marsilius
of Inghen:

The whole of matter, as far as itself is concerned, does not determine itself to have any quantity,
shape, place, rarity, or density. Instead, as far as itself is concerned, the whole mass (massa) of
prime matter—and even a part of it—could occupy the place occupied by the whole body of the
heavens. There is no conflict in its existing under any imaginable rarity or density; indeed there
is no conflict in the whole of it being a point. (In Phys. I.20, f. 19vb)

When Ockham remarked earlier that matter’s being one foot or two feet in extent
depended on form, one might have wondered just how far he was prepared to extend
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that claim. Just how big or small could a given bit of matter be? Pseudo-Marsilius’s
answer to that question is uncompromising. Even a bit of our terrestrial matter could
actually grow to occupy as much space as the whole of the heavens. Conversely, the
whole of matter could shrink to a dimensionless point. Although Ockham claims that
matter is necessarily extended, naturally speaking, he too allows that it is logically
possible for matter to be contracted to a point. In denying these claims, Pererius is
pointing ahead toward one of the central ideas of post-scholastic thought.23

4.5. The Conservation of Quantity

It is unclear which of these very different scholastic conceptions of prime matter
deserves to be considered dominant. The Paduan scholastic John Paul Pernumia, in
the mid-sixteenth century, ascribes indeterminate dimensions to prime matter, with

23 Pererius expressly considers an objection to his view from condensation and rarefaction: “Decimaquinta. Cum ex
minori quantitate fit maior, id quod accidit in rarefactione non manet eadem quantitas, alioquin idem esset maius et
minus; ergo acquiritur de novo aliqua pars quantitatis. Sed in quantitate eadem est ratio unius partis et totius. Si igitur
una pars eius de novo est generabilis, similiter etiam tota erit generabilis” (De comm. princ. V.19, p. 328). He replies by
rejecting the standard conception of rarefaction and condensation: “Ad decimamquintam. In rarefactione eadem est ratio
quantitatis et materiae, nam sicut ibi plus existit quantitatis, ita quoque plus materiae: quemadmodum enim per
rarefactionem partes quantitatis multiplicantur, sic etiam partes materiae: quare si nolunt in rarefactione ullam materiae
particulam de novo acquiri, idem quoque sentire debent de quantitate” (ibid., V.20, p. 331). This is precisely the move
Descartes would later make (Principles II.6–7). I know of no recent discussions of Pererius’s view in this area.

Oresme argues at length against the conservation of quantity at In Phys. I.21. There he defends one special case of
conservation: that since the whole of the sublunar material realm has as its absolute limit its boundary with the heavens,
and since that boundary cannot naturally be moved, the whole of prime matter must conserve its quantity. “Tota massa
materiae primae de mundo determinat sibi certam et praecisam mensuram ita quod non potest esse maior vel minor” (f.
16ra). Hence the rarefaction of any part must be accompanied by the equal condensation of another part. And if God
were to create more matter, he would have to make corresponding condensations elsewhere (or else move the boundary
of the heavens).

Pseudo-Marsilius’s remarks against conservation are offered in support of an extensionless theory of matter. Marsilius
of Inghen himself, in contrast, defends either an Averroistic or Ockhamistic view, depending on whether one holds that
quantity is a real accident or simply the matter itself: “Secunda conclusio. In generato manet eadem quantitas quae fuit in
corrupto. Probatur, quia vel quantitas ponitur ipsa res quanta, et sic cummaneat eademmateria habetur propositum; vel
ponitur res distincta, et si sic tunc est accidens materiae et per consequens manet in ipsa materia in generato sicut in
corrupto” (In Gen. et cor. I.7). Marsilius himself is a quantity realist along Buridan’s lines; see his In Gen. et cor. I.15 and Ch.
15 note 6.

Since Ockham understands rarefaction and condensation reductively, in terms of locomotion (}15.1), the case of
condensation to a mathematical point is just a special case of the ordinary natural process, albeit a case that is only
supernaturally possible. See Sent. IV.6 (Opera theol. VII:79): “cuicumque non repugnat esse sub maiori extensione et
minori, non repugnat sibi esse sine omni extensione”; Tract. de corp. Christi 40 (Opera theol. X:220): “Et eodem modo
posset omnipotentia Dei conservare quamcumque substantiam et quamcumque qualitatem quantumcumque quaelibet
talis esset false: ‘haec substantia est quanta’, ‘haec qualitas est quanta’.” For discussion, see Weisheipl, “Place of John
Dumbleton” pp. 443–4; Adams, William Ockham II:685.

One very interesting attempt to put limits on how much rarefaction or condensation a given amount of body could
undergo is that of Giles of Rome, who distinguishes between two quantities, one that belongs unchangeably to prime
matter and so is akin to Averroes’s indeterminate dimensions, and another that comes from form and makes a body have
a certain extension in space. What makes this view distinctive is that Giles takes the first kind of quantity to determine
the amount of variation possible in the second kind of quantity. “Naturaliter enim fieri potest quod materia occupans
parvum locum postea occupet maiorem locum, quia naturaliter ex aqua fit aer et ex aere ignis; sed nulla virtus naturalis
agentis potest immutare quantitatem illam per quam materia est tanta et tanta: non enim naturaliter fieri potest quod
parum de materia fiat multum, quia tunc ex grano milii posset fieri mons unus et turris una et posset aliquid augeri eo
non rarefacto et nullo addito. . . . Non est ergo eadem quantitas per quam materia est tanta et per quam occupat tantum
locum . . . ” (Theoremata de corpore Christi, prop. 44, f. 31vbBC; cf. Quaest. meta. VIII.5, f. 41rF). Giles’s view represents an
early attempt to characterize an object’s mass in distinction from its volume. For detailed studies (to which this
paragraph is largely indebted) see Maier, Vorläufer Galileis ch. 2 and Donati, “La dottrina.”
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“the best Peripatetics,” but against “almost all the Latin schools” (Philosophia naturalis
I.7, f. 18rv). By this he probably means that he is following the non-Latin Averroes, and
going against the schools of Albertism, Thomism, and Scotism. That might imply that
his was the minority view, at least in Italy. Seventeenth-century scholastic textbook
authors, in contrast, often assume without hesitation that prime matter is extended.24

Given this uncertainty, it is unsurprising that post-scholastic authors have quite differ-
ent understandings of the scholastic doctrine. Charleton takes prime matter to be
“absolutely devoid of all quantity” (Physiologia II.1.1.9), whereas, according to Hobbes,
‘prime matter’ “signifies body considered without the consideration of any form or
accident except only magnitude or extension, and aptness to receive form and acci-
dents” (De corpore 8.24). Locke comes down somewhere in between: “matter is but
a partial and more confused conception, it seeming to me to be used for the substance
and solidity of body, without taking in its extension and figure” (Essay III.10.15). This
looks hardly coherent, but then that is precisely Locke’s point.

It is in general hard to be too critical of the great seventeenth-century authors for
their sometimes tenuous knowledge of scholasticism, since even so they tend to know
this material better than anyone does today. In the present case, if their various
discussions of prime matter do not seem even to be taking up the same topic, they
can hardly be blamed, because there simply was no one scholastic view on even the
most fundamental questions concerning prime matter.

Pererius’s version of the conservation thesis, according to which matter has a fixed
absolute volume, is extremely unusual for the scholastic era. Post-scholastic authors, in
contrast, widely embraced this doctrine, which we can call the conservation of quantity
(CQ). Thus, as already quoted in }2.5, Hobbes makes the very opposite of the claim we
saw earlier from Oresme, holding that “that magnitude on account of which we name
something a body is neither generated nor destroyed” (De corpore 8.20). Descartes
realizes that the scholastic conception of condensation and rarefaction is the leading
objection to his own theory of matter as essentially extended, and argues in response
that “it is clearly contradictory for something to be augmented by a new quantity or a
new extension without a new extended substance—that is, a new body—being added to
it at the same time” (Principles II.8). Although Descartes’s own famous use of wax as an
example (Med. II, VII:30–1) is strikingly like Pererius’s in the previous section, one need
not see any direct debt. The use of wax as an example of a changeable material
substance was commonplace, and CQ itself is a natural outgrowth of the conservation
thesis described in }2.5. Whereas that earlier thesis had insisted merely on the conser-
vation of prime matter, CQ insists that prime matter necessarily has a fixed absolute
volume. Hence both matter and quantity are conserved.25

24 See Eustachius, Summa III.1.1.2.4 (II:122): “Nonnullae sunt materiae proprietates sigillatim hic explicandae,
quarum prima est quod sit quanta. Adeo enim materiae propria est quantitas, ut ipsi primo et per se competat”;
Burgersdijk, Collegium Physicum II.16 (p. 22): “Tandem quemadmodum materia actu est substantia quaedam, quae sit
potentia corpus, ita etiam quantitatem quandam ex se actu habet. . . . ”

25 Before Hobbes and Descartes, one finds CQ in Sebastian Basso, as a premise in his argument for interstitial vacua.
He argues that since bodies appear to condense and rarify, and since the absolute quantity of a body is fixed, one must
postulate empty space within bodies, growing and shrinking as bodies appear to grow and shrink (Phil. nat. De natura
II.2). See also Dabillon, Physique III.4.6, who in effect embraces CQ when he denies the possibility of change in absolute
volume. For rival explanations of condensation and rarefaction, see }15.1.
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Whereas the conservation thesis is obviously a purely metaphysical doctrine, CQ

may seem empirically testable. After all, we can at least in principle measure absolute
volume. Understood as an empirical claim, the doctrine has to be judged an unfortu-
nate one, inasmuch as it is very difficult to make out a case for the conservation of
absolute volume. Before the seventeenth century was out, volume would be replaced
by mass (Newton),26 and ultimately mass would be identified with energy (Einstein).
If forced to choose between CQ and its scholastic rejection, we would be better off
following the scholastics. Still, in keeping with the strategy of previous chapters, it is
probably better to treat CQ as a metaphysical rather than an empirical doctrine. When,
for instance, Descartes claims that cases of absolute growth require the addition of new
matter, this can be viewed as a metaphysical claim, inasmuch as it is a question for
philosophy to decide whether what is being added is in fact matter, as opposed to, say,
energy. In general, it is ultimately for metaphysics to decide whether we want to say
that what gets conserved is matter, quantity, mass, energy, or perhaps even form. The
truth of any conservation principle rests on a philosophical story about the stuff that is
allegedly conserved.
Given the embrace of CQ by seventeenth-century authors, it is interesting to ask

whether its adoption marks the shift from metaphysical to corpuscular prime matter.
More generally, given the spectrum of positions considered in this chapter, we might
reconsider the whole question of when matter goes from being a metaphysical part to
being an integral, corpuscular part. It is natural to think that matter becomes corpuscu-
lar when it becomes extended, but we have seen that there are many ways in which
matter can have extension. Can a precise line be drawn? Thomism is of course in
absolutely no danger of apostasy, since it postulates matter that is not in any sense
extended. Nor do I think there is any danger for views on which matter is indetermi-
nately extended. We can say that Averroism and Zabarella take a step toward corpus-
cular matter, if we like, but their conception of prime matter as extended without
definite limit still seems entirely alien to the corpuscularian project. The same holds for
views like Scotus’s and Paul of Venice’s, on which prime matter is intrinsically divisible,
but actually extended only in virtue of some added form. That leaves Ockham and
Pererius, both of whom take prime matter, considered in its own right, to have a
determinate extension. It is easy to see that neither is thoroughly corpuscularian in his
conception of matter. Ockham is not, because he thinks that, in all naturally occurring
cases, the extension of matter is determined extrinsically, by form. Pererius is not,
because although he accepts CQ, he is committed to a version of Averroism, according
to which matter has its determinate extension extrinsically, in virtue of an accidental,
quantitative form.
Still, if we set aside these plain differences, and focus solely on that which is the

enduring subject of change, there is a case to be made for the notion that Ockham and
Pererius are fundamentally committed to corpuscular matter. After all, what endures

26 What we call mass was in fact, by Newton, called the “quantitas materiae,” and defined as a function of density and
magnitude (Principia def. 1). The idea that it is not mere volume that gets conserved seems to have been advanced by
some of the Oxford Calculators in the fourteenth century, who anticipate Newton in attempting to define quantity as a
function of volume and rarity/denseness. See the discussion in Weisheipl, “Ockham and the Mertonians” pp. 631–3 and,
in more detail, “Concept of Matter” pp. 165–9.
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for each of them is extended stuff, shaped in various ways to form different kinds of
substances, but itself intrinsically just bare extension. To make the comparison con-
crete, we might take Descartes as our exemplar of a corpuscularian philosopher.

The nature of matter, or body viewed as a whole, consists not in its being something which is
hard, heavy, or colored, or which in any other way affects the senses, but only in its being a
thing extended (res extensa) in length, breadth, and depth. (Principles II.4)

This famous doctrine is surprisingly hard to evaluate. An initial obstacle is that it can
easily seem no different from what everyone thought, since it was a truism of scholastic
philosophy with roots in both Aristotle and Augustine that a body is a substance
extended in three dimensions (}16.1). In saying this, however, these authors were
defining the logical genus body. Descartes is doing something very different, something
very much in line with the concerns of the present chapter: he is defining the material
stuff that endures through change. To say that the nature of this stuff is to be res extensa
has many implications. First, it implies that matter cannot exist without extension. As
we have seen, this is something many scholastics believed. It further implies that matter
has that extension intrinsically. This is what both Ockham and Zabarella thought. Still
further, it implies that a given part of matter necessarily has a fixed absolute volume or
quantity. (Since Descartes takes matter as a whole to be extended without limit [e.g.,
Principles II.21], one has to speak here of a given part of the whole having a determinate
quantity.) So when Descartes says that matter is essentially extended, he means that its
extension or quantity is determinate. This is of course CQ, the doctrine we have found
in Pererius. There is probably no one scholastic author who endorses all three of these
aspects of Descartes’s account of matter. Even so, we could create a kind of composite
sketch of a scholastic view that would contain something approaching corpuscular
matter.

Yet there is still more to Descartes’s doctrine of res extensa. Like most post-scholastic
authors, Descartes retains from scholasticism a substantive notion of nature or essence
according to which the nature of a thing is what explains the various non-essential
intrinsic features of that thing (}27.6). So in saying that “the nature of matter . . . con-
sists . . . in its being a thing extended”—or, alternatively, that its “essence” is extension—
Descartes is making an explanatory claim: that we can understand the various proper-
ties of bodies in terms of the varying modes of extension.27 Just what ontological weight
these modes should have is a difficult question that will have to await Chapter 13. But
quite apart from the fact that Descartes appeals merely to modes, whereas almost all
the scholastics appeal to forms, the mere fact that he chooses to regard extension as the
essence of matter marks a crucial difference from scholasticism. The import of his
defining matter in this way is best understood in light of what other choices he might
have made. For subsequent corpuscularian critics, Descartes’s account was

27 Descartes speaks of the “essence” of matter as extension at, e.g., The World ch. 6 (XI:36): “Mais ils ne doivent pas
aussi trouver etrange, . . . si je conçois son étendue, ou la proprieté qu’elle a d’occuper de l’espace, non point comme un
accident, mais comme sa vraie forme et son esssence”; Principles I.53: “sed una tamen est cuiusque substantiae praecipua
proprietas, quae ipsius naturam essentiamque constituit, et ad quam aliae omnes referuntur.” The last part of this
sentence picks up on the point made in the main text, that essence for Descartes implies that from which a thing’s other
properties flow. Hence I.53 continues: “Nam omne aliud quod corpori tribui potest, extensionem praesupponit, estque
tantum modus quidam rei extensae.”
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controversial primarily because it ignored solidity (}15.5), and foreclosed the possibility
of space as something distinct frommatter. But from Descartes’s point of view the chief
rival on which he was turning his back was a metaphysical account of prime matter. For
scholastic authors, almost invariably, the essence of prime matter was its indeterminate
potentiality for the substantial form that gives the composite substance its nature. This
was the verdict not just of the classical traditions founded by Aquinas, Scotus, etc., but
also of the Averroists, and of heterodox figures like Auriol, Ockham, Zabarella, and
Pererius, among many others.28 So although both Ockham and Zabarella regard matter
as intrinsically, necessarily extended, both explicitly deny that extension is the essence
of matter.29 When Descartes insists that this is precisely what matter’s essence is, he
is issuing a direct challenge to the scholastic tradition of defining matter in terms of
its relationship to form. Regardless how far a scholastic author might go down the road
of making extension intrinsic to matter and subject to stringent conservation laws,
there remains that fundamental divide between their prime matter and that of the
corpuscularians.
What marks the rise of the corpuscularian movement, therefore, is not just the

rejection of form, but the rejection of matter as dependent on form.30 In its place lies a
conception of prime matter not only as extended and actualized, but as capable of
explaining all the phenomena of nature. Whereas the scholastics had postulated only
the conservation of indeterminate prime matter, seventeenth-century authors would
come to agree that it is body itself—the corpuscles that compose all material

28 On the essence of matter as incomplete potentiality, see Averroes, De subst. orbis ch. 1 (Opera IX:3rb): “Unde natura
huius subiecti recipientis substantiales formas, videlicet primae materiae, necesse est ut sit natura potentiae—scilicet
quod potentia sit eius differentia substantialis. Et ideo nullam habet formam propriam et naturam existentem in actu, sed
eius substantia est in posse, et ex hoc materia recipit omnes formas”; Aquinas, Quod. III.1.1: “esse autem actum
repugnant rationi materiae, quae secundum propriam rationem est ens in potentia”; Auriol, Sent. II.12.1.7 (II:173bC):
“materia habet quidditatem suo modo: est enim formabile purum et possibile”; Ockham, Summula I.9 (VI:179): “materia
est quaedam res actualiter exsistens in rerum natura, quae est in potentia ad omnes formas substantiales, nullam habens
necessario et semper sibi inexsistentem”; Zabarella, De rebus nat., De prima rerum materia II.21 (col. 231): “dicemus
enim, primam materiam suapte natura esse corpus de categoria substantiae indeterminatum, nulli certae naturae
alligatum, et aptum omnia fieri, quod significat corpus generalissimum in categoria substantiae, et ipsum univocum
esse facit; ideo in ipsa materiae natura nullus actus inest, sed est substantia quaedam indeterminata, potestatem habens
recipiendi quemlibet actum”; Pererius, De comm. princ. V.21 (p. 333): “There are two kinds of potentiality, one that
belongs to matter of its own force and nature. . . . ”

29 Both Ockham and Zabarella expressly say that ‘matter is extended’ is necessary per se, but secundo modo rather than
primo modo, which is to say that it is true not in virtue of extension’s being part of the essence of matter, but in virtue of
matter’s being part of the essence of extension. See Ockham, Summula I.13 (VI:191); Zabarella, De rebus nat. II.11 (col.
204B). It used to be commonly held that Ockham’s theory of matter is essentially the same as Descartes’s. De Wulf, for
instance, wrongly claimed a century ago that Ockham treats extension as “l’essence des corps comme pour Descartes”
(Histoire II:171n.). Weisheipl, however, seems to have put an end to this sort of talk; see, e.g., “Place of John Dumbleton”
pp. 443–5.

30 Others have articulated the idea that what ultimately distinguishes scholastic prime matter is its indeterminate
potential for form. See, e.g., McMullin, “The shift here is a crucial one, because it means that (1) matter is no longer
either a Receptacle or a co-principle with form, incomplete in itself and mysterious in its ontological indeterminacy; and
(2) it is that which physical science may claim to describe and explain” (“Introduction” p. 18) and Des Chene: “The
Aristotelians, however much they differed on the essence of matter, agreed that its essence includes being in potentia to
form. As long as that remains—as long as substantial change is thought to be the actualization of matter’s indifferent
potentia to form—the attribution to matter of quantity, or even the characterization of it as ‘indeterminate quantity’ that
we find in Zabarella, does not take one beyond the bounds of Aristotelian physics” (“Descartes and the Coimbra
Commentaries” p. 37). Although I think these remarks insightfully capture a core area of disagreement, I have come to
think that they will not do as a characterization of what is distinctive in Descartes. As I will argue in Chapters 8 and 13,
his conception of substance and mode is precisely that of an indeterminate, “mysterious” subject, standing “in potentia”
to its modes.
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substances—that is conserved through all change. Descartes is the first well-developed
and most influential proponent of this sort of view. As we will see, his own conception
of substance as the subject of modes is surprisingly prone to relapse into something not
so different from scholastic prime matter (}13.7). But the trend of post-scholastic
thought is toward the doctrine of a permanent, fully actualized substratum. This
both grounds the attack on scholastic hylomorphism, and at the same time leads to
severe difficulties in attempting to save our commonsense ontology of ordinary
material substances persisting through time. These and still further consequences will
have to wait until later to be developed. What we have done so far is consider the most
basic foundation for the overthrow of scholastic thought: the way that, in the seven-
teenth century, matter becomes body, and body becomes the object of natural science.
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SUBSTANCE



6

Subjects and Substances

Prime matter, together with a substantial form, yields a composite substance. The
addition of substantial form brings us into the familiar territory of dogs and cats and
stones. The territory is not quite as familiar as one might suppose, however, because
prime matter plus substantial form yields the substance apart from its familiar sensible
qualities. Hence although the composite substance just is, say, Sophie the dog, its
character is nearly as obscure as the character of prime matter itself. That obscurity
will be the topic of the next chapter. Here I will consider the composite substance as the
subject of accidents, and show how the standard view of substance throughout our
period is not nearly as straightforward as one might naturally suppose. (Substantial
forms themselves will have to wait until Chapter 24.)

6.1. Substance, Thick and Thin

It may look like a mistake from the start—philosophical and exegetical—to distinguish
the substance from its sensible qualities, as if it makes sense for there to be a human
being of no particular size or color. Whether this does make sense, philosophically, is
a question we will come to. There is no doubt, however, that this was the consensus
view. Ockham puts this point in his customarily stark way, when introducing prime
matter and substantial form:

[Matter] receives nothing other than form. For it should not be imagined that form causes
anything else in matter, as if the matter receives from the form something in between matter
and form. Rather, matter receives that form and the existence that in reality is the form, and
receives nothing else. And these two partial existences, or two partial entities, constitute or
make one whole thing or (more properly speaking) are the two parts of one being or total
existence that is the whole composed from them. (Summula I.9, Opera phil. VI:180)

Not everyone would insist quite so strongly that the composite substance is just prime
matter and substantial form. Thomists claim that existence (esse) is a really distinct
component of composite substances, something that Ockham here expressly denies
when he identifies existence with form (line 3). Others, such as Scotus, suppose that the
individuation of substances requires another, formally distinct ingredient—his famous
haecceity. Still others, as we saw in }4.3, think that substantial form inheres in matter



that is already informed by indeterminate dimensions. Setting such subtleties aside,
however, there was a shared scholastic consensus on this basic formula: that a material
substance just is a composite of prime matter and substantial form.1

Two features of this formula deserve special attention. First, everyone agreed that
this sort of metaphysical analysis, in hylomorphic terms, yields the whole substance.
Form and matter are not parts that get added onto the body’s integral parts, coexisting
at the same level of analysis. If one wants to count integral parts, then form and matter
do not enter into the picture. To the question, how many organs does a dog have, one
counts all the organs and then stops. To the question, howmany corpuscles, one counts
corpuscles, then stops. If, on the other hand, one wants to count metaphysical parts,
then one does only that, adding substantial form to prime matter and then stopping
(again, setting aside certain controversial subtleties). This is especially important to
keep in mind in the post-scholastic context, because those authors often proceed as
if form and prime matter would have to be some further ingredient within a corpuscu-
larian account, without which that account would be incomplete. When the scholastic
theory is so understood, it can then be attacked as superfluous, on the grounds that a
corpuscular–mechanistic story is sufficient to explain all the phenomena. One of the
most important questions to ask about our period is whether this is the right way to
understand scholastic thought, and in general whether it is the right way to develop an
Aristotelian metaphysics. Often, as we will see in various contexts in the chapters that
follow, scholastic authors do offer metaphysical entities as principles of explanation on
a concretely physical level, as efficient causes in competition with a corpuscular–
mechanistic account of the natural world. The hylomorphic theory admits of an
alternative formulation, however, as an explanatory schema at a different level of

1 Walter Burley—Ockham’s realist archrival—provides another example of an author’s excluding accidents from
substances. From his unedited Topics commentary: “aggregatum ex Sorte et albedine est ens per accidens, et nullum ens
per accidens est Sortes” (Conti, “Ontology in Walter Burley” p. 132n). And from his discussion of relations in his late ars
vetus commentary: “Illud quod est aggregatum ex rebus diversorum generum non est per se in aliquo genere uno. Sed
illud quod significatur per terminum concretum accidentale est aggregatum ex rebus diversorum generum. Ergo non est
aliquod tale in aliquo praedicamento vel genere per se. Et ideo illud quod significatur per huiusmodi nomina ‘pater’ et
‘filius’ non est per se in genere. Major patet, quia quod est per se in genere debet esse per se ens et per se unum . . . , sed
aggregatum ex rebus diversorum generum non est per se ens nec per se unum” (f. e6va).

It is uncontroversial among scholastic authors that the substance, strictly speaking, excludes accidents. It is a more
controversial question whether the substance just is, as Ockham says, prime matter plus substantial form. Auriol thinks
that it is, but indicates that not everyone agrees: “Secundo, quod huiusmodi entificatio non importat aliquod derelictum
ex forma, sicut imaginantur quidam. Primo quia tunc in composito essent tres realitates, scilicet materia, forma, et ille
modus a forma in materia derelictus, et si sic tunc materia et forma non perfecte diffinirent compositum, cuius
contrarium dicit Commentator” (Sent. II.12.2.1, II:175bC). Auriol’s interest here is in whether a form’s inhering in a
subject requires some further entity—which here, anticipating Suárez’s later view, he calls a “mode”—in virtue of which
it actualizes that subject. This issue will be discussed in }11.4. Also controversial are various further metaphysical
components such as Aquinas’s distinction between esse and essentia (see Wippel, Metaphysical Thought of Thomas ch. 5)
and Scotus’s haecceity (see Noone, “Universals and Individuation” pp. 118–21). Finally, there is the question of whether
the composite whole just is its parts, or is something over and above its parts. For the view that the whole just is the
parts, see Buridan, In Phys. I.19 (f. 23vb), where he considers whether it is matter, form, or the composite that is
generated. He explains the fact that we customarily speak of the composite as what is generated on the grounds that the
composite is what we are familiar with. Strictly speaking, though, the generation of a composite is just the generation of
a form in some enduring matter. The composite is nothing more than this. See also Pererius, De comm. princ. V.4 (p. 282):
“ . . . immo non est proprie alia materia nisi prima, nam quae sunt praeter materiam primam sunt formae . . . ” and V.18
(p. 323): “ . . . in toto composito, hoc est in materia et forma (ponatur enim nunc quod posterius ostendetur, totum
compositum nihil esse aliud quam partes eius simul iunctas). . . . ” For the broader debate over whether the whole is
something over and above its parts, see }28.5.
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analysis, not competing with a corpuscular–mechanistic theory, but accounting for
abstract, structural features of the world—in particular, the unity and endurance of
substances. This is the sort of work that prime matter was put to in Part I of this study,
in accounting for the substratum and conservation theses, and in Part VI we will see
similar possibilities for substantial form. One diagnosis of the decline of scholastic
thought—not that any one diagnosis can really be plausible, on its own—is that the
scholastics lost their grip on hylomorphism as a metaphysical theory, conceiving of it
instead as a concrete, physical hypothesis about the causal forces at work in the natural
realm. Once form and matter were enlisted as explanatory principles of this kind, and
so made subject to empirical research into phenomena ranging from embryonic
development to the nature of heat, their days were inevitably numbered.
The distinction between metaphysical and integral parts points toward a second

feature of the formula, one that lies at the heart of this chapter’s concerns. Given that
we are counting metaphysical parts when we describe substance as prime matter plus
substantial form, we are entitled to infer that the substance contains no other meta-
physical parts. This means, in particular, that a substance does not include its accidental
forms. That result may seem strange if one thinks of material composites as the
ordinary primary substances described in Aristotle’s Categories, such as “the individual
man or the individual horse” (2a15). But the Categories’ distinction between substance
and the nine genera of accidents would standardly be treated as not just an exhaustive
but also a mutually exclusive division of being, so that substances are one kind of thing,
accidents another, with neither remainder nor overlap. Thus, again according to
Ockham, “human being and whiteness are two things (res) outside the soul, totally
distinct, so that nothing that is one of these or part of one of these is the other or an
essential part of the other” (In Praed. 7.1, Opera phil. II:158). Hence “it is clear both to
Christian authors and to the philosophers that an accident is not part of a substance. For
it is known to all that a substance is composed of substances, not of accidents.
Therefore, no accident can be part of any substance” (Tract. de corpore Christi ch. 14,
Opera theólo X:117–18). Similarly, according to Francis of Marchia, writing not long after
Ockham, “it is impossible for an accident to be part of a substance” (In Meta. V.5, in
Amerini, “Utrum inhaerentia,” p. 137 n. 93). Accordingly, it is standard in scholastic
discussions to treat the substantial unity of matter and form as different in kind from the
merely accidental unity of substance and accident. Here is Scotus:

[F]rom these—namely, frommatter and form—comes one thing per se. This is not so for subject
and accident. For since both matter and form are intrinsic causes of a composite being, they
make one thing per se. Whiteness and a human being, in contrast, are not intrinsic causes,
because a human being can exist in its ultimate actuality without whiteness, and so per se it has
no potentiality toward whiteness. Thus they make one thing only per accidens. (Sent. II.12.1.14
[Wadding VI:673; not in Ordinatio])

Set aside (until }25.5) Scotus’s rationale for distinguishing between these two kinds of
unity, and consider just the metaphysical structures described here. Form and matter
make one thing, a human being, and that human being is in turn the subject of
a further, accidental form, whiteness. Although each level of composition yields
unity, the unities are of different kinds, and so apparently we have two rather different
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kinds of substances: the thin but more strongly unified form–matter composite, and the
thick but more loosely unified composite-plus-accidents.2

Scotus suggests no names for these two kinds of composites. For that, we might go
nearly to the end of our period, to Franco Burgersdijk’s Institutiones metaphysicae (1640),
which distinguishes the (thin) “corporeal substance” from the (thick) “concrete being”:

We speak of a potential composition when two things are united in such a way that one is in
potentiality to the other, and the other is the act and form of the first. What is potentially the
other is 3always some sort of substance, and is actualized by either information or inherence.
Through information, when a potentiality that is incomplete in its genus takes on the actuality of
its genus—that is, takes on substantial actuality—and with it constitutes a body, or a corporeal
substance. . . . 6Through inherence, when a potentiality that is complete in its genus takes on
the actuality of another genus—accidental actuality—and with it constitutes a concrete being,
such as a white thing, a black thing, etc. (Institutiones I.14.4; see also I.22.8, I.24.10)

We might well call the thick substance a “concrete being” (line 7). After all, only at this
point have we arrived at a whole, ordinary individual of the sort we can observe. In
contrast, the thin “corporeal substance” is something non-concrete, something abstract
and metaphysical. Following Burgersdijk’s lead, then, I will speak of a thin metaphysical
substance, versus a thick concrete substance. Some such special terminology is needed,
because scholastic texts are rife with different senses of ‘substantia,’ using the term to
refer, among other things, both to thick concrete entities and to thin metaphysical ones.
In reading both scholastic and post-scholastic texts, it is crucial to recognize that talk of
substances can have either of these senses. Even if authors from our period managed
not to confuse themselves in this regard, there is every danger of their confusing us.3

6.2. Substance Criteria

This dual usage, thick and thin, can be seen as a consequence of the very concept of
substance, as it was understood throughout our four centuries. The standard scholastic
definitions make this clear. On one standard definition, a substance is an independent
entity, capable of existing on its own. On another standard definition, a substance is the

2 On the substance–accident distinction as “totally and perfectly” dividing all beings, corporeal and incorporeal, see
Dabillon, Physique I.2.1, p. 54. On the thin rather than the thick substance as what has per se unity, see Toletus, In Phys.
I.9.19 concl. 2; Coimbrans, Physics I.9.10.1; Eustachius a Sancto Paulo, Summa III.1.1.2.5 (II:123–4).

3 On Aristotle’s changing views about substance, from Cat. to Meta., see the very comprehensive discussion in
Wedin, Aristotle’s Theory of Substance, ch. IV. On the thick concrete substance as ens per accidens, see, e.g., Meta. V.7,
1017a8–12, and the discussion in }25.5. Despite Aristotle’s frequently distinguishing between the substance and the
substance together with its accidents, the standard scholastic view is today controversial. For an extended reading of
Aristotle in this way, see Frank Lewis, Substance and Predication chs. 3–5. Lewis shares precisely the scholastic view that
“accidental compounds are not identical with individual substances, and they are not identical with accidents. Instead,
they are per accidens beings, constructed out of individual substances and accidents, each of them beings per se . . . ” (p. 85).

There are hardly any discussions of the thin metaphysical substance in the secondary literature on scholasticism. One
exception is some brief remarks in Conti, “Ontology in Walter Burley,” who suggests the label ‘macro-object’ for “an
aggregate made up by a primary substance and a host of substantial and accidental forms existing in it and by it” (p. 174).
That is effectively the same notion as my talk of a thick concrete substance, though I would demur from his remark that
the macro-object is “the basic component of the world” (ibid.). Although this is a natural way to view the situation,
I think it fails to respect the implications of the claim that such thick/macro composites are mere per accidens unities.
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subject of inherence for properties. Eustachius a Sancto Paulo sets both of these out
clearly:

So that you may understand more plainly why particular substances are most properly called
substances, note that a substance is so-called both from substanding and from subsisting: for it is
proper to substance both to stretch out or exist beneath (substerni seu subesse) accidents, which
is to substand, and to exist per se or not in another, which is to subsist. (Summa I.1.3b.1.2, I:51)

If technical terms are wanted for these two identifying characteristics of substance,
Eustachius provides them: substances substand, which is to say they serve as the subject
of accidents, and they subsist, which to say they exist per se, on their own. These twin
features of substance have roots in the Categories,4 and were readily accepted by post-
scholastic authors as well. Both criteria appear in Descartes, for instance, in different
places,5 and in Robert Boyle they appear together: “substance is commonly defined to
be a thing that subsists of itself and is the subject of accidents—or, more plainly, a real
entity or thing that needs not any (created) being, that it may exist” (Origin of Forms
and Qualities V:308; Stewart p. 21).
Spinoza famously deployed the subsistence criterion to show that God is the only

substance, a consequence that this criterion might seem obviously to invite.6 (Boyle, as
just quoted, feels he has to guard against this outcome by parenthetically requiring that
a substance not be dependent on any “created” being.) Certainly, Spinoza was not the
first to propose this. John Wyclif reports having heard it argued that all creatures are
accidents of God, the one substance. Wyclif himself seems to think that this is a
perfectly coherent position, but that it is better to avoid controversy and adhere to
the ordinary meaning of ‘substance’ and ‘accident.’ (Ironically, he would posthumously
be condemned by the Church for, among other things, adhering to just this sort of
monism.)7 When one does adhere to the standard scholastic senses of the terms, the

4 Categories ch. 5 points toward these twin criteria for substance in holding that substances are not in a substance
(3a7), that substance terms “signify a certain ‘this’” ((/-$ (Ø %Å)Æ'*$Ø*) (3b10), and that they “receive contraries”
(4a10–11).

5 Descartes offers the substanding criterion in the Second Replies (VII:161): “Omnis res cui inest immediate, ut in
subiecto, sive per quam existit aliquid quod percipimus, hoc est aliqua proprietas, sive qualitas, sive attributum, cuius
realis idea in nobis est, vocatur Substantia. Neque enim ipsius substantiae praecise sumptae aliam habemus ideam, quam
quod sit res in qua formaliter vel eminenter existit illud aliquid quod percipimus. . . . ” He offers the subsistence criterion
at Principles I.51 (VIIIA:25): “Per substantiam nihil aliud intelligere possumus, quam rem quae ita existit, ut nulla alia re
indigeat ad existendum. Et quidem substantia quae nulla plane re indigeat, unica tantum potest intelligi, nempe Deus.
Alias vero omnes, non nisi ope concursus Dei existere posse percipimus.” For careful discussion of Descartes’s various
definitions of ‘substance,’ see, e.g., Markie, “Concepts of Substance” and Stuart, “Descartes’s Extended Substance.”

6 Spinoza’s monism culminates at Ethics I P14: “Except God, no substance can be or be conceived.” This has its roots
in his definition of ‘substance’ in I D3: “By ‘substance’ I understand what is in itself and is conceived through itself, that is,
that whose concept does not require the concept of another thing from which it must be formed.”

7 Here is Wyclif ’s reaction to a proto-Spinozistic monism: “Aliam opinionem audivi, quae est conformior virtuti
sermonis, dicentem quod claudit contradictionem aliquam creaturam esse, nisi sit accidens cuius substantia, omnem
creaturam induens et substentans, est deus. . . . Ideo pepigi fedus cumme ipso, quod amplius non acciperem occasionem
infructuose contendere in talibus, sed supponam famosam significationem terminorum ac distinctionem entium
conformiter ad antiquos philosophos et scripturam, quod tota universitas creata, licet sit accidens deo, tamen ipsa
dividitur in substantiam et accidens. Substantia est res primae categoriae, quod, licet non possit esse nisi a deo, tamen
inter genera entium creata est prius substantia aliis” (De materia et forma ch. 1, pp. 168–9). In De ente praedicamentali ch. 5,
Wyclif himself offers an interesting and lengthy criticism of the stock definitions of substance as esse per se and substare
accidentibus. The leading argument against the first (p. 34) is not that it would make God the only substance, but merely
that it would make God a substance. Like most scholastics, Wyclif thinks this is a bad result, because he thinks that God
lies outside the genera described by the categorial scheme. Nevertheless, the Council of Constance (1414–18)
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Spinozistic result can scarcely arise. God is plausibly said to be the only substance when
‘exists per se’ is understood as existing on its own, independently of everything else.
Scholastic authors, however, understand ‘exists per se’ as not existing in another—that
is, not inhering in a subject. The idea has roots in Aristotle—“it is common to every
substance not to be in a subject” (Cat. 3a7)—and in Avicenna’s often cited discussion of
this definition in his Metaphysics. Among Latin scholastics, this meaning becomes
commonplace.8 Thus Aquinas: “Per se seems to import only a negation, for a being is
said to be per se as a result of its not being in another, which is a pure negation. . . .
Therefore the character of substance must be understood in this way: that a substance is
a thing suited to exist not in a subject” (Summa contra gent. I.25.236). This view endures
until the end of the scholastic era. Eustachius makes this clear when, in the above
quoted passage, he glosses ‘to exist per se’ as meaning “not in another” (line 4). A page
earlier he had remarked that “to subsist, or to exist by itself, is nothing other than not to
exist in another thing as in a subject of inherence” (Summa I.1.3b.1.1, I:50). And
Burgersdijk: “to subsist per se is nothing other than not to be in another as in a subject.
Therefore, for a substance to be said to subsist per se it is not necessary that it not
depend on something else. All that is required is that it not depend on another as on a
subject” (Inst. logicae I.4, p. 15).9 Even at the end of the seventeenth century, Pierre
Bayle objects against Spinoza that, on the standard view of the philosophers, “to subsist
by itself signifies only not being dependent on any subject of inhesion” (Dictionnaire,
“Spinoza” [XIII:463a; tr. p. 331]). To insist that substancehood requires absolute
independence is thus, from the scholastic perspective, an absurdly strong requirement,
and amounts to a kind of undergraduate mistake about what per se existence involves.
Here, as we will see repeatedly in the chapters to come, philosophy displays the sort of
pattern that Harold Bloom has argued for in poetics (}1.4): that innovation, very often,
is a byproduct of misinterpretation.10

condemned, among a long list of views ascribed to Wyclif, the doctrine that “every being is everywhere, since every
being is God” (see Michael, “John Wyclif’s Atomism” p. 187).

8 For the Latin Avicenna’s discussion of how to define ‘substance,’ see Meta. II.1 (I:65); VIII.4 (II:403–4). For
scholastic accounts, see Henry of Ghent, Summa 32.5 (Opera XXVII:76ff.);Thomas of Sutton: “Quod autem subsistit et
substat, illud per se exsistit, et non est in alio et etiam aliis suponitur. Neque materia per se exsistit, neque forma, sed
compositum ex utroque; et ideo compositum ex materia et forma proprissime dicitur substantia, quia ipsi convenit per se
exsistere et aliis substare. Principaliter autem et maxime convenit hoc substantiis individuis, quia illae non solum
subiciunt accidentibus, sed etiam substantiis universalibus, quae de ipsis praedicantur” (In Praed., in Conti, “Thomas
Sutton’s Commentary” p. 197); Alexander of Alexandria, In Meta. I.3; and Francis of Marchia, as quoted in Ch. 7 note 12.
Broackes, “Substance” pp. 135–6, is very good on the proper meaning of subsistence in scholastic authors.

In effect, to characterize substances as beings that do not inhere in a subject is to define them as entities that are not
accidents. This is Ockham’s approach. “[S]ubstantia multipliciter accipitur. Uno modo substantia dicitur quaecumque res
distincta ab aliis. . . . Aliter dicitur substantia magis stricte omnis res quae non est accidens realiter inhaerens alteri. Et sic
substantia dicitur tam de materia quam de forma quam etiam de composito ex utrisque. Aliter dicitur substantia
strictissime de illo quod nec est accidens alteri inhaerens nec est pars alicuius essentialis, quamvis possit componere cum
aliquo accidente” (Summa logicae I.42, I:118).

9 For later definitions of ‘substance,’ see also Scheibler,Metaphys. II.1.3.2 (p. 432) and Philosophia compendiosa II.2.1.3–4:
“Substantia est ens per se subsistens, ut Homo. Per se subsistere est non subsistere in alio inhaesive, tanquam in subjecto”;
Crakanthorpe, Intro. in meta. ch. 5 p. 43: substance is “ens finitum per se subsistens, id est, nulli inhaerens.” Suárez: “ex
quo colligitur differentia inter substantiam et accidens, quod substantia etiam creata non requirit in universum
materialem causam, ut supra ostensum est, accidens vero omne illam requirit” (Disp. meta. 14.1.3). To require
independence only from a material cause is, in effect, to require only that a substance not inhere in something.

10 Thomas Manlevelt (circa 1330) nicely identifies the ambiguity in the subsistence criterion that leads to monism:
“Secunda distinctio est ista, quod per se existere accipitur multipliciter. Uno modo scilicet pro illo quod non est pars
alicuius per se unius, et a nullo dependet vel sustinetur. Et isto modo solus deus per se subsistit. Alio modo accipitur pro
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The subsistence criterion appears to rule out accidents, but is otherwise, taken by
itself, highly latitudinous. The thick concrete substance counts, since even if some of its
parts (the accidents) inhere in some of its other parts (the thin substance), still the thick
substance as a whole does not inhere in anything. But of course the subsistence
criterion does not uniquely pick out thick substances. The thin metaphysical substance
qualifies, as does any given integral part of such a substance, as does any collection of
substances, up to and including the whole universe. Even prime matter qualifies,
despite its dependence on form, because it is independent in the relevant sense, since
it does not inhere in anything else. Thus Suárez proves that prime matter counts as a
substance by reasoning that “prime matter is a being that is not in a subject, for nothing
could be more incompatible with that which is the first subject” (Disp. meta. 13.4.4).
Corpuscularian critics of scholasticism, who themselves tended to think that only
substances exist, could not see how the scholastics could keep from treating all of
their various metaphysical parts as substances, including even accidents. Setting aside
that question until }10.1, let us observe only that the subsistence criterion by itself
hardly does much to narrow down the field of substance candidates, and certainly does
not get us to the thin metaphysical substance.
The substanding criterion gets us farther, and in particular it seems to rule out thick

concrete substances. To say, with Eustachius, that a substance is what “stretches out
beneath accidents” suggests that the substance is something apart from those accidents,
and thus we arrive at the thin metaphysical substance. To be sure, the two criteria
together still do not uniquely pick out thin substances. The integral parts of a substance,
such as a hand, certainly satisfy the two criteria, and if aggregates like a pint of
strawberries can be the subject of accidents, then they too would satisfy the criteria.11

This is, however, no objection to the theory. The twin criteria we are considering are
intended only to carve off substances from other items in the categorial scheme—that
is, from other beings. A pint of strawberries is not a substance not because it fails the
twin criteria, but because it fails to be a being at all, except per accidens. The same is true,
as we saw in the previous section, for the thick substance, which we can call “a
substance” as a matter of courtesy, but which strictly speaking is not a thing at all. In
the case of integral parts, the story is rather different. A hand is a substance, and if we
are talking about a thin metaphysical hand, then it is a per se unity, and so counts as a
substance in the strongest sense. That is, hands and other integral parts do have a place

illo quod non est pars alicuius per se unius, nec est in aliquo tamquam in subiecto. Et isto modo substantiae separatae et
substantiae compositae perfectae per se subsistent” (In Praed. q. 16 nn. 18–19 [Andrews, “Thomas Maulevelt” p. 361]).

Although Descartes was probably not the first, he is surely the most influential proponent of the notion that per se
existence should be understood as “needing no other thing to exist.” (For this conception of the subsistence criterion, see
also his August 1641 letter to Hyperaspistes [III:429].) It is difficult to know whether Descartes means to defend the
standard criterion, but expresses himself in a way that would subsequently be liable to mislead, or whether he in fact
means to be doing something new. Modern scholars, without being aware of this interpretive choice, tend to read
Descartes as requiring absolute causal independence, which leads them to suspect Descartes of various further
unorthodox views regarding causality and the nature of material substance. I will have a great deal more to say about
Descartes’s conception of material substance in Part VI, but the argument will not turn on the dubious doctrine of
substances as causally independent.

11 Even some thick substances satisfy both the subsisting and the substanding criteria, on some accounts. Thomists,
for instance, think that qualities and other accidents inhere not directly in the thin substance, but in the thin substance as
informed by quantity. This means that, on this view, there is a substance halfway between thick and thin, the quantified
thin substance, which satisfies both criteria. Even this halfway substance, however, will be a mere per accidens unity.
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on the categorial scheme, and they are substances rather than accidents. It would
indeed be a problem if these substance criteria did not extend to integral parts, because
they would then have no place at all among the genera of beings. Of course, once such
parts are counted as substance, a host of further questions arise, and some of these will
be the subject of future chapters: What makes some collections of parts count as
genuine substances, whereas others are mere accidental unities? (Ch. 24) Is there any
principled basis for distinguishing between what counts as a whole substance and
what counts as a mere part? (Ch. 25) Does each and every integral part of a substance
count as an actual substance? (Ch. 26) Since the theory of substance at issue here is
not intended to resolve such questions, we should set them aside for now and focus on
what that theory does yield: the substance–accident distinction.

The substanding criterion seems to make the substance–accident distinction inevita-
ble. To say that a property inheres in some subject just is to conceive of the subject
apart from that property. (Obviously, the usual spatial metaphors only make the
implication stronger.) To say that a set of properties inheres in some one subject is,
by the same token, to conceive of that subject apart from any of those properties. Thus
the subject of inherence for all the properties of a certain substance will itself be free of
all those properties. And once we get a thin metaphysical substance, we immediately
get accidental forms, as the complementary metaphysical ingredients of the analysis.
With that we have arrived at the venerated and scorned Aristotelian distinction
between substance and accident.

It is natural to fear that our discussion has just made a disastrous wrong turn, blithely
jumping from the unremarkable observation that substances have properties of one
sort or another to the conclusion that there must be a metaphysical part of those
substances, the thin substance, in which those properties inhere, and another kind of
metaphysical part, the accidental form, that does the inhering. To be sure, we have
made an unwarranted jump. Whereas earlier chapters worked hard to reach the very
tentative conclusion that there might be reasons to postulate metaphysical prime
matter, here we have simply helped ourselves to the substance–accident distinction,
as if it fell off the back of a truck. The truck, here, was the standard, two-part definition
of substance. So rather than scoop up for free this scholastic ontology, we might reject
that definition, and hold that the scholastics have the wrong concept of substance. Better
yet, we might hold that definition in abeyance until we decide on a fundamental
ontology. The two-part definition is not supposed to settle such fundamental issues;
rather, the definition presupposes that we have already embraced some sort of sub-
stance–accident distinction, and then tells that if we want to find the substances, we
should go looking for the things that (1) are not accidents and (2) are the subjects of
accidents. What we are seeing, then, is that these much-discussed definitions of
substance actually do not do very much work: perhaps they describe what a substance
essentially is (}7.3), but they do not motivate the substance–accident distinction, no
more than they settle any of the hard questions about what is and is not a substance.

If the substance–accident ontology does not fall out of the definition of what a
substance is, then how does it arise? No doubt, part of its appeal comes from an
uncritical reliance on the surface structure of language. Since language attaches pre-
dicates to subjects, it is easy to suppose that the world’s structure corresponds. This sort
of simple-minded thought should have carried little weight with scholastic authors,
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however. They had at their disposal a variety of semantic theories that explained
predication without any commitment to a substance–accident ontology, such as Ock-
ham’s version of supposition theory, which he formulated in the interests of his
own austere ontological program.12 Still, Ockham and almost every other scholastic
author accepted a substance–accident ontology. They did so because, working from
the ground up, they found themselves committed to the various pieces of the ontology;
first, as we have seen, to prime matter, then to accidental forms, and finally to
substantial form, as what gives unity to the whole composite. The real heart of the
substance–accident framework, then, lies in its arguments, one by one, for the various
metaphysical ingredients of the hylomorphic story. Subsequent chapters will work
through various pieces of this theory.
From the post-scholastic, corpuscular perspective, this scholastic ontology certainly

looked like a disaster. As late as 1739, one finds Hume still complaining of “those
philosophers who found so much of their reasonings on the distinction of substance and
accident” (Treatise I.1.6). What exactly is so bad about that? One sort of problem, with
which Hume was much concerned, centers on whether such a distinction leaves room
for any knowledge of substances themselves. This will be the topic of the next chapter.
A second sort of problem would arise if the thin metaphysical substance that serves as
the subject for accidents were nothing more than a bare substratum. This, however, is
far from being the case. On the contrary, a form–matter composite is quite rich in
character, having not just whatever characteristics arise from the side of prime matter,
but also those characteristics that arise from the side of substantial form. Most
importantly, the thin substance contains the essence of the substance. Indeed, in a
very real sense, the thin substance just is the dog or cat or stone. Such things, inasmuch
as they are genuine, truly unified substances, are thin substances. The thick concrete
substance, in contrast, as stressed already, is not a genuine unity at all, and so not
properly a thing. As Francis of Marchia puts it, “an accident is not the same as its
subject, nor does any third thing result from them, since that third thing would be
formally neither a substance nor an accident” (In Meta. V.4, in Amerini, “Utrum
inhaerentia” p. 127 n. 76). In saying this, Marchia relies on the substance–accident
schema’s being both exclusive and exhaustive. The result is that the thick substance,
though naturally viewed as an ordinary concrete object, is in fact not a being at all.
Instead, the thin metaphysical substance, far from being a bare substratum, is the
ordinary substance.
A third, related problem would arise if the thin substance, though not completely

bare, did not have the accidental properties that inhere in it. In one sense that is just
what the theory claims: that the thin substance is free of the accidents that inhere in it.
In another sense, though, that is plainly absurd. Elizabeth Anscombe complains in this
connection of the idea “so idiotic as to be almost incredible, namely that the substance
is the entity that has the properties, and so it itself has not properties” (“Substance”

12 For an overview of scholastic theories of predication, and their ontological commitments, see Klima, “Nominalist
Semantics” and Ebbesen, “Concrete Accidental Terms.” Ebbesen remarks that, on Ockham’s semantics (and also
Buridan’s), “the substance/accident distinction becomes superfluous” (p. 157). This is perhaps true if one thinks only
of semantic considerations; Ockham certainly takes there to be metaphysical considerations behind the substance–
accident distinction. For a broader survey of medieval semantics, see Spade, Thoughts, Words and Things. For Ockham’s
semantics in particular, see the various relevant chapters in Spade, Cambridge Companion to Ockham.
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p. 71). The situation can of course be put more perspicuously. What is beyond dispute is
that various accidental predicates can be truly affirmed of a given substantial subject.
Does this mean that the substance has the corresponding accidents? Yes, on the theory
in question, in the sense that those accidents inhere in the thin substance. Also yes, on
the theory, in the sense that the accidents are a constitutive (albeit metaphysical) part
of the thick concrete substance. But no, in the sense that those accidents are not a
part of the thin substance, but are somehow attached to it, or resting on it.

Again, there is no disaster, but perhaps now we can see just where trouble does
lie, inasmuch as it has become clear what the theory must maintain. First, obviously,
it must maintain an ontology of thin substances and accidents, understood as the
metaphysical parts that constitute the thick concrete substance. This is bad enough
from the corpuscular perspective, though of course there may be a story to be told
about just why we need to postulate such metaphysical entities. Second, the theory
understands thin substances and accidents to constitute thick substances in a special
way: not simply by overlapping, but through the seemingly obscure relationship of
inherence. The subject stretches itself out, as Eustachius puts it, leaving the accidents
to lay down on top, and perhaps even penetrate. Unless some sort of good sense can
be made of these obscene metaphors, we would have good reason to reject the whole
theory. To get clear about this inherence relationship, we need to understand each of
the relata: what the subject of inherence is, and what the accidents are that inhere. Both
of these issues were highly controversial among scholastic authors. In the remainder
of this chapter I take up the first, and defer the second until Chapter 10, before turning
in Chapter 11 to the question of the inherence relation itself.

6.3. Subject Candidates

If substances necessarily substand—serve as subjects for accidents—then it becomes
especially important to work out just what sorts of things accidents do inhere in.
Accidents do not inhere in God, which is one reason why scholastic authors do not
generally regard God as a substance. Accidents do, however, inhere in the rational soul,
inasmuch as our various intellectual and volitional states are thought to be forms
inhering in the powers of intellect and will. If this were not the case, then the rational
soul could not count as a substance. One notorious foray down that road was made by
Blasius of Parma, the Doctor diabolicus, who argued in lectures on the soul given in
Padua in 1385 that prime matter is the subject of all our intellectual and moral states.
This implies that such states cannot exist apart from the body, which seems to imply
further that the soul itself cannot exist apart from the body. Stopping just shy of that
conclusion, Blasius urged that the intellect’s separability be accepted solely on faith,
since on philosophical grounds we have reason to deny it.13 (Reprimanded by the
ecclesiastical authorities for such claims, Blasius adopts a much more blandly orthodox

13 Blasius reaches this key conclusion: “Tertia conclusio: omnium habitum intellectualium et moralium est materia
rerum subiectum immediatum” (In De an. I.8, p. 65). See also II.13, p. 120: “Quarto conclusio: cuiuslibet formae, tam
substantialis quam accidentalis, materia est subiectum. . . . Et tunc sequuntur corollaria. Primum: nulla scientia est in
anima. . . . Secundum corollarium: nullus conceptus est in anima, nec species lapidis est in anima, dum anima intelligit
lapidem.”
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position in another set of lectures some eleven years later—just one of innumerable
instances where religious pressure circumscribed the permissible boundaries of philo-
sophical speculation [Ch. 20].)
Blasius may be the only instance of a scholastic author’s denying that our intellectual

and volitional states inhere in the soul. It is not at all unusual in general, however, to
suppose that the accidents of material substances inhere in prime matter. Although
I have been assuming, so far, that accidents would inhere in the form–matter compos-
ite, there was in fact considerable controversy over this issue. The two great masters of
the classical period of scholasticism—Aquinas and Scotus—treat the material composite
as the subject of accidents, as did Ockham. But as it became more common to ascribe
indeterminate dimensions to prime matter (}4.3), it also became common to think that
other accidental forms inhere in prime matter. This was Blasius’s view, but in this he
was simply following a well-established tradition. That tradition goes back at least to
Peter Auriol, but was given its most influential statement by Gregory of Rimini, who in
1343 produced the last in the line of great scholastic Sentences commentaries.14

Rimini distinguishes three views: that accidents inhere in the composite, that they
inhere in the accident of quantity (a view associatedwith Thomism), and that they inhere
in primematter. He argues for the last of these on the grounds that a form inheres inwhat
has potentiality for it, and that it is matter that has the appropriate potentiality. On its
face, this does not seem very persuasive. Why not say instead that the composite (the
human being, say) is what is potentially hot or cold, pale or dark? Moreover, the view
seems to face an obvious and devastating difficulty: that we ascribe such accidents to the
composite, inasmuch as the composite is what is said to be hot or cold, pale or dark.
Surely such facts about predication correspond to facts about inherence. Yet, despite
appearances, and despite contradicting the grand old men of scholasticism, Rimini’s view
would become enormously influential. It would soon be championed by John Buridan,
Marsilius of Inghen, and Paul of Venice, and by the end of the sixteenth century the
cautious Jesuit commentators, always eager to defend the opinio communis, found
themselves forced to choose between two equally established theories—what Franciscus
Toletus called duae celeberrimae opiniones (In Gen. et cor. I.7 f. 262vb). Perhaps the best
testimony to the influence of Rimini’s view is that all the most important Jesuit authors—
Toletus, Pererius, Suárez, and the Coimbrans—took his side. (The third possibility, that
accidents inhere in quantity, is best set aside in this context, partly because it is intimately
connected to the theory of the Eucharist, and partly because it simply leads to the
question of where quantity inheres.)15

14 Auriol, Sent. II.12.1.6 (II:169bB): “Quantum ad primum pono conclusionem unam, scilicet quod materia est
subiectum immediatum respectu omnium accidentium quae sunt in composito. . . . ” Gregory of Rimini, Sent.
II.12.2.2: “Per illud sui tantum compositum est subiectum formae sive substantialis sive accidentalis, per quod tantum
ipsum, antequam ipsam haberet, erat in potentia receptiva ad illam. Hoc patet, quia cuius est potentia, eius est actus. Sed
per solam materiam compositum erat in potentia receptiva ad formam quamlibet corporalem quam habet. Ergo etc.”

15 In favor of accidents inhering in prime matter: John Dumbleton, Summa II.19; Buridan, In Gen. et cor. II.7; Marsilius,
In Gen. et cor. I.7; Paul of Venice, Summa phil. nat. III.14, f. 43rv; John Major, Sent. II.16, f. 33v; Jean Paul Pernumia, Phil.
nat. I.7, f. 21r; Toletus, In Gen. et cor. I.7; Pererius, De communibus principiis V.20, pp. 328–9; VI.4, pp. 355–6; Suárez, Disp.
meta. 14.3; Coimbra, In Gen. et cor. I.4.4.1; Zabarella, De rebus nat., De generatione chs. 7–10, cols. 414–22; Dabillon,
Physique II.3.8, p. 120.

Against accidents inhering in prime matter: Anonymous A [see above, }4.1], f. 62raA; Oresme, In Gen. et cor. I.8, In De
an. II.1, pp. 127–8, In Phys. I.17, f. 12va; Capreolus, Defensiones II.13.1.1, IV:19–20; De Soto, In Phys. I.7.12, pp. 55–6;
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What was the attraction of letting accidents inhere in prime matter? It was not
Rimini’s explicit argument from potentiality, but a different argument, which he made
elsewhere, and which others would take up over and over. That argument depends on
the generally accepted principle that accidents are naturally bound to their subject of
inherence, and so cannot jump from one subject to another. This principle has
important implications for our present question, for if accidents inhere in prime matter
then they can endure through substantial change, whereas if they endure in the
composite, they cannot. This gives us a way to grapple with the question of where
accidents inhere (and still more reason to care about the issue), because we can now
return to the question raised in }4.3 of whether anything beyond prime matter endures
through substantial change. The main arguments in favor of letting accidents inhere in
prime matter were variations on arguments showing that accidents must survive
substantial change. Marsilius of Inghen offers a particularly clear version:

If the qualities that dispose the matter of the thing that is corrupted to generate a new form were
corrupted when the thing’s form is corrupted, then what brings about the form that is
generated? It is unacceptable to say that [i] nothing does. It also cannot be said that [ii] an
outside agent does, because this can bring about such a form only through qualities introduced
into matter. Nor can it be said that [iii] the qualities themselves do, because according to the
view in question those qualities are corrupted along with the corrupted form. This corruption
precedes, in order of generation, the generation of the substantial form. Therefore since, when
the substantial form is brought about, these qualities do not then exist, they will not bring it
about, nor did they bring it about earlier, since none of that substantial form had ever existed, in
the case in question. And by the same means it is proved that [ii] no outside agent does it
through qualities introduced into the matter. (In Gen. et cor. I.7, f. 72vb)

An example will be helpful, and Auriol offers a very clear one in a similar context.
Consider water’s changing into ice. For a while, the water undergoes accidental change,
becoming progressively colder, but eventually the water undergoes what we can
suppose for the sake of the example is a substantial change, and becomes ice. The
natural assumption would be that the cold of the ice is numerically the same as the cold
of the water. Those who argue that accidents inhere in the composite, like Aquinas, are
prepared to deny this. If we deny it, however, then Auriol and Marsilius thinks we have
no explanation for the ice’s generation. For consider that instant when the ice is
generated. What explains why that happens? Not the cold of the water, because it
has been corrupted. But what else could produce ice? As everyone knows, one makes
ice by making water cold. For that to be so, the cold must endure through the
change, and so the cold must inhere in the prime matter, since that is the only subject
that endures through substantial change.16

This argument may look familiar, because it has the same structure as an argument
we met in Chapter 2. There the strong ex nihilo principle was defended on the grounds
that at least some of the ingredients of change must endure through change. The most
impressive of such arguments was Scotus’s causal simultaneity argument (}2.4), which

16 For Auriol’s ice example, see Sent. II.12.1.6 (II:169bEF): “ . . . sicut patet de alteratione quae fit circa frigiditatem aquae.
Abiicit enim finaliter formam aquae, sicut quando ex aqua fit cristallus, motus[?]. Cum non abiiciatur subiectum, non potest
talis alteratio esse in alio quam in materia, et per consequens [non potest] terminus eius, cum motus et terminus aspiciant
idem pro subiecto primo.” Rimini runs his own argument from ingredients at Sent. II.12.2.1, pp. 272–3. Since Rimini knows
Auriol’s work well, and since their arguments are similar, it seems plausible that Auriol was Rimini’s source.
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claims that, for the prior ingredients in some new substance to play a causal role in
generation, those ingredients have to exist when the new substance begins to exist, and
so outlast the corrupted substance. Scotus uses this argument to show that prime
matter endures, but the argument proves something more. For in saying that the prior
ingredients must endure, we require more than just indeterminate stuff. Ingredients
of a certain kind must endure. In the example just considered, we need more than
just prime matter to make ice; we need, at a minimum, cold prime matter. Hence what
endures is not just bare matter, but matter of a certain kind, the right kind to make
whatever new thing is to be generated. (The question of exactly how new substantial
forms arise was immensely contentious [}28.1], but here I suppose we have a story
about that.) Marsilius’s argument is therefore extremely powerful. For inasmuch as we
do think that the ingredients consumed in making something new play a role in the
generation of that new thing, we have reason to accept that what endures through
substantial change is something more than bare, indeterminate prime matter.
Such arguments from ingredients make some controversial assumptions, as we saw

in }}2.3–4, and so they do not decisively establish that prime matter is the subject of
accidents. Still, anyone who accepts this kind of argument for prime matter should
think that more than just bare prime matter endures through substantial change. For
the Jesuits listed earlier, this was the decisive consideration in favor of prime matter as
the subject of accidents. Still, accepting this sort of argument does not straightaway
entail that accidents inhere in prime matter. What it entails is that something more than
bare prime matter endures through substantial change. For Scotus and Ockham—as we
will see in detail in Chapter 25—this something more is a form–matter composite, with
multiple substantial forms, one of which can be lost in substantial change while another
endures. Hence, at least in the case of living things, which is where their theory applies,
they can maintain that accidents endure through substantial change in virtue of
inhering in an enduring composite rather than in prime matter. Marsilius, in contrast,
and the Jesuits listed earlier, all deny that substances have multiple substantial forms,
and so these ingredients arguments force them to locate accidents in prime matter.

6.4. Inherence versus Predication

The previous section briefly sketched a powerful argument against the inherence of
accidents in prime matter: that we say the composite is hot, cold, and so on, not that
prime matter is. Auriol’s example requires our speaking of “cold prime matter,” but
there seems something absurd about this, inasmuch as it is surely the water that is cold,
not the prime matter. Neither Auriol nor Rimini seem to confront this issue explicitly,
but Rimini implicitly gestures toward a way out, by claiming that although accidents
inhere primarily (primo) in prime matter, they inhere per se in the composite. He does
not spell out what this means, but the idea seems to be that the immediate subject of an
accident is prime matter, and yet in some other sense it is proper to treat the composite
as the subject. Just a few years after Rimini’s lectures, Nicole Oresme describes a much
clearer distinction along these same lines, between the subject of reception or inherence
and the subject of denomination. This idea would be extensively employed by later
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authors. Albert of Saxony, lecturing in the 1350s, also in Paris, sets out the distinction
clearly:

Being the subject of an accident is said in two ways: either as the subject of inherence or as the
subject of denomination. So according to this view [in favor of enduring accidents] it should be
said 3that, for every accident of a material composite, prime matter is its subject with respect to
inherence, even if the composite is its subject with respect to denomination. Hence because the
composite is better known to us than the matter, it is the composite that we denominate on
the basis 6of the accident, even though the accident is in the matter. Hence we say that the
human being is hot, not that his matter is. (In Gen. et cor. I.6, f. 136ra)

As Albert understands the distinction, it seems to amount to an error theory. That is, he
thinks our language predicates hot of human being because the metaphysical truth of the
situation is too obscure to be reflected in natural languages. The implication of error
comes from his ascribing our linguistic practices to our unfamiliarity with matter (lines
4–6)—as if we would do things differently if we were better informed metaphysically.
Since language gets the metaphysics wrong here, the metaphysician should simply
disregard the linguistic data.

Albert does not himself endorse the view that prime matter is the subject of
accidents; he regards both sides of the dispute as defensible. Oresme positively rejects
the inherence–denomination distinction, and with it the inherence of forms in prime
matter. He argues that facts about predication track facts about inherence, on the
ground that a thing is made to be white, say, just in virtue of whiteness’s inhering in it.
Seemingly, Oresme and Albert agree on this fundamental principle: that an accident
makes a thing be such (white, cold) by inhering in that thing. The view Albert recites
takes this premise, combined with the premise that accidents inhere in prime matter, to
show that we wrongly predicate accidents of composite substances. Oresme, in con-
trast, cannot believe that language goes so wrong. Prime matter is not truly white,
except per accidens, he says, just as the soul is white only per accidens. The composite is
what is truly white; hence, white and other accidents must inhere in the composite.17

Although Oresme’s discussion of the inherence–denomination distinction is very
brief, he is clearly aware of its dramatic implications. One who accepts the distinction
either must deny that facts about inherence are the truth-makers for predication, or else
must charge ordinary language with massive and systematic error. The first of these
alternatives—severing the link between inherence and true predication—resembles a
strategy that Ockham and others customarily employed in other contexts, as a conse-
quence of their nominalist semantics. Ockham was after the result that ‘S is a ’ could be
true even if there is no accident picked out by a. Here, though, we are contemplating a

17 Oresme introduces the inherence–denomination distinction with this remark: “Et si diceretur quod materia prima
esset calida, quia accidens denominat suum subiectum tale, dico quod quoddam est subiectum receptionis, et aliud est
subiectum denominationis. Modo ad propositum materia prima est subiectum receptionis, recipiens accidentia et
sustenans, et totum aggregatum denominatur illo accidente” (In Gen. et cor. I.8, pp. 64–5). He rejects it at ibid., p. 69:
“Tunc ultimo concludo quod videtur mihi quod secunda via sit probabilior propter hoc: et suppono primo quod illud est
subiectum accidentis quod dicitur tale secundum illud accidens, quia accidentis esse est inesse; ideo albedo non est
accidens alicui nisi illi cui accidit esse album; secundo, suppono quod materia prima non dicitur esse alba nisi per
accidens, sicut etiam anima vel forma non dicitur alba, sed totum compositum.” See also In Phys. I.17, f. 12va: “non
dicimus quod materia est alba aut calida sed homo est albus et ignis est calidus etc, unde materia non est alba nec forma
sed totum compositum. Ex isto sequitur quod materia non est subjectum immediatum vel proprium talium acciden-
tium, patet quia solum illud est subjectum quod denominator tale et materia non est huius <modi>.”
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situation where ‘a’ does pick out an accident, but the accident inheres in something
other than S. Oresme’s complaint is that, in such a case, the thing that is a, most
properly speaking, is the thing in which a inheres. It would be true to say that ‘S is a’
only derivatively, in the way that a whole can have some character in virtue of one of its
parts. Oresme believes both that locating accidents in prime matter would render
ordinary language false, and that that is an unacceptable outcome. Others, however,
were prepared to accept that outcome. Albert gestures toward it, and his remarks were
restated more vigorously a few years later, in a very similar passage from Marsilius of
Inghen. He remarks that the reason we do not ascribe accidents to prime matter is that
“ordinary folk are unaware of matter” (In Gen. et cor. I.7, f. 72va). Where Albert had
hesitated, Marsilius positively endorses this sort of error theory regarding ordinary
predication.18

The ultimate source of the inherence–denomination distinction is perhaps John
Buridan, who exercised a strong influence on Oresme, Albert, and Marsilius.19 In his
Physics commentary, Buridan wonders why, in cases of accidental change, we say that
the underlying substance (the composite) is what is changed, in virtue of its receiving
something, whereas in cases of substantial change we say that what is changed is not
the thing that endures and receives a new form (the prime matter), but the thing that
comes into existence (the composite substance). Buridan’s diagnosis of this asymmetry
is very similar to Albert’s and Marsilius’s earlier-quoted remarks: “substances actually
subsisting on their own are known to us and to ordinary folk. . . . Prime matter,
however, is not known to ordinary folk and so we attribute changes and mutations
not to prime matter but to the composite substance subsisting on its own.”20 Hence
although consistency would seem to require that we predicate substantial change of
prime matter, ordinary language attaches to the things we know. Does that mean that
ordinary language is false here? Interestingly, for Buridan it does not. He immediately
adds that “these things are not said wrongly, because names signify conventionally” (In
Phys. I.19, f. 23vb). The implication is that although natural language may not be
metaphysically ideal, it can still be true if used in accord with the way we decide to
use it. Hence even if cold inheres not in the water but in the water’s prime matter, it
can still be perfectly true to say that the water is cold, and false to say that the prime
matter is cold. Buridan therefore embraces the other horn of Oresme’s dilemma, and
contends that facts about inherence need not be the truth-makers for predication.
Nothing could be more discouraging to the project of philosophical analysis than

Buridan’s claim that language works simply by convention, irrespective of the

18 Marsilius of Inghen, In Gen. et cor. I.7, f. 72va: “Secunda conclusio: aliquae qualitates donominant totum
compositum et non materiam primam, quia materia non dicitur calida aut frigida, sed aqua vel ignis. Et causa huius
est quia vulgares materiam ignorant, et ideo sibi denominationem non attribuunt.” Most of the authors cited earlier in
favor of accidents inhering in prime matter appeal to this inherence–denomination distinction.

19 On the relationship between Buridan, Oresme, Albert, and Marsilius, see Thijssen, “The Buridan School,” who
cautions against the idea that these figures constituted a “school” in any meaningful way.

20 Buridan expressly invokes the inherence–denomination distinction with respect to accidents at In Gen. et cor. II.7:
“Nota pro solutione rationum quod aliud est subiectum cui tales primae qualitates attribuuntur, et aliud est subiectum
de cuius potentia educuntur et quod est per se ex natura sua receptivum earum. Nam subiectum de cuius potentia
egreditur calidatas vel frigiditas passive et receptive est prima materia. . . . Sed subiecta quibus tales qualitates attribuun-
tur sunt substantiae compositae ex materia et forma propter maiorem notitiam earum. Vulgus enim non percipit
primam materiam. Igitur illas qualitates sibi non attribuit, sed attribuit eas composito sensato.”
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metaphysical realities. To some, indeed, this sort of picture of predication seemed flatly
incoherent. According to John Wyclif, for instance, “it is contradictory for an accident
to inhere in its subject and for one not to say that its subject is thusly characterized (sic
accidentatum)” (De materia et forma ch. 1, p. 167). Yet it is not clear exactly what the
contradiction would be here, unless one thinks of prime matter on the model of an
integral part. To be sure, it is hard to imagine a form’s inhering in an integral part, P, of
some whole S, without qualifying P immediately and qualifying Smediately if at all. But
metaphysical parts may be different. Earlier we saw how intellectual and volitional
states were standardly thought to inhere in the rational soul. Even so, Aristotle had
remarked that it is not the soul that thinks, but the human being (De an. I.4, 408b13).
Perhaps, in a similar way, some forms might inhere in prime matter and yet get
ascribed to the whole composite. It is, in any case, hazardous to draw inferences
about metaphysical parts on the basis of what is true for integral parts.
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7

The Veiled Subject

7.1. Casting Off Naive Empiricism

It is natural to think that we know the world around us by perceiving it, and that what
we do not know of material reality is unknown only because it is too small, too far
away, or buried too deep under other things. For things near enough and big enough,
we perceive them, and by perceiving, know them. Call this naive empiricism. Over the
centuries, it has been practically definitive of the philosopher’s job to subject naive
empiricism to a withering critique. Indeed, stages in the development of philosophy can
be measured in terms of how far they depart, and in which direction, from our natural
but naive pre-theoretical orientation toward empiricism.
Embracing metaphysical parts is one way to withdraw from naive empiricism, but it

is not as straightforward a withdrawal as one might suppose, because scholastic authors
regard a kind of metaphysical part—accidental forms in the category of Quality—as the
things that are, in themselves, perceived (Chs. 21–2). Hence, for the scholastics, we do
not perceive bodies, or their integral parts, except accidentally, inasmuch as we perceive
accidental qualities. These metaphysical parts are what our senses directly inform us
about. Still, even if not all metaphysical parts are intrinsically obscure, most are. Our
perceptual grasp of a certain range of accidental qualities gives us direct acquaintance
with only a fragment of what there is, leaving us quite in the dark about the underlying
subjects of those accidents, in all their metaphysical complexity.
The move toward corpuscularianism was in some cases a move toward empiricism.

To the extent that post-scholastic authors cast off metaphysical parts, they have
that much less baggage in need of non-empirical handling. The result was not naive
empiricism, of course, given the seventeenth century’s famous doubts about whether
sensible qualities are in the world (Ch. 22). Moreover, corpuscularian authors retain
a surprising degree of commitment to the scholastic idea that beneath the sensible
qualities of things lies something more, a subject of those qualities, imperceptible even
in principle. In this and the following two chapters, I argue that the retention of
this veiled-subject doctrine represents one of the most significant enduring legacies
of scholasticism on seventeenth-century thought.
An early corpuscularian restatement of this scholastic idea can be found in Nicholas

Hill in 1601: “substance is a subsistent being, independent, ancestor to generation and
forebear to matter, not only existing outside of the intellect, but transcending the



faculty of understanding, a grasp of which we have only by analogy” (Philosophia
n. 119). Versions of this same idea would turn up throughout the seventeenth century,
in the most thoroughly unscholastic of places. It can be found in Descartes and Locke,
as the next two chapters will argue, and also in Gassendi:

Nothing beyond qualities is perceived by the senses. For a quality is whatever is open to sight,
touch, and the other senses. And although the eye is said to see not only color but also a colored
body, 3and also the hand to touch not only hardness but also a hard thing, still this very being
colored, or being hard, is a quality. That at the same time we refer to the substance in which the
quality inheres, we do this through induction, by which we reason that some subject lies under
the quality. . . . The 6main point is this: although it is granted that a common subject or substance
exists, it nevertheless always remains veiled, nor can we either understand or say what sort of
thing it is, except through what affects it and what lies open to the senses, its qualities. (Syntagma
II.1.6.1, I:372a)

This is a remarkable claim for an author engaged in rehabilitating ancient atomism.
One might have thought that the substance–accident distinction would have been one
of the first pieces of scholastic baggage to be jettisoned by corpuscularian philosophers,
and with it the doctrine that beneath the sensible qualities of a thing lies some sort of
veiled subject. But although Gassendi does not describe his qualities as accidents
or forms—instead, they are modes (}13.4)—he does accept the core idea of a distinction
between the quality and what has the quality. And since he thinks that it is the qualities
we perceive, he finds it natural to think that the thing that has the qualities—the
“common subject or substance” (line 6)—is by nature hidden, and revealed only by
some kind of inference that he does not here spell out. (His talk of “induction” [line 5]
should not be understood in the modern sense.)1

The doctrine of a veiled subject did have its critics. Thomas Hobbes, for instance,
flatly denies that there is any such composition of form and matter, or substance and
accident:

His Lordship expounds simplicity, by not being compounded of matter and form, or of
substance and accidents, unlearnedly. For nothing can be so compounded. The matter of a
chair is wood; the form is the figure it has, apt for the intended use. Does his Lordship think the
chair compounded of the wood and the figure? (to Bramhall, IV:302)

Part of the reason Hobbes treats it as self-evident that a chair is not composed of wood
and figure is that he refuses to countenance any sort of composition other than integral

1 Gassendi similarly invokes the veiled-subject doctrine in his objections to Descartes’s Meditations (VII:271). For
further discussion of his views in this domain, see }8.4 and }27.2.

A remarkable fifteenth-century instance of the veiled-subject doctrine is that of Lorenzo Valla, who claims that it is not
possible to give even an example of a substance, because they lie unknown beneath qualities and actions. Apparent
examples of substances are in fact substance–accident composites: “Nam si dicam ‘homo,’ non est haec substantia, sed
res constans ex substantia, qualitate et actione; ‘lapis’ ex substantia saltem et qualitate, et ita in ceteris” (Repastinatio I.1.2;
see also I.10.2–3, I.12). For discussion, see Nauta, In Defense of Common Sense pp. 20–1.

Broackes, “Substance,” collects many seventeenth- and eighteenth-century texts endorsing an underlying subject,
finding the doctrine even in Thomas Reid: “all the information that our senses give us about this subject is, that it is that
to which such qualities belong. From this, it is evident that our notion of body or matter, as distinguished from its
qualities, is a relative notion, and I am afraid it must always be obscure, until men have other faculties” (Intellectual Powers
II.19; see Broackes p. 156). Broackes’s own understanding of these issues is quite different frommy own, however, in that
he attempts to downplay the significance of appealing to an underlying subject of qualities.
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composition. So if there is a substance–accident distinction to be drawn, it will have
to be drawn in terms of one body’s inhering in another, which is obviously absurd as
a theory of accidents. Elsewhere he writes:

An accident’s being said to be in a body is not to be taken as if something were contained in that
body—as if, for example, redness were in blood in the way that blood is in a bloody cloth, that is,
as a part in the whole; for if so then an accident would be a body too. Instead, just as size, rest, or
motion is in that which has the size, or is at rest, or moves (everyone understands how this
is to be understood), so too every other accident’s being in its subject ought to be understood.
(De corpore 8.3)

So what exactly is an accident for Hobbes, if not one body’s inhering in another? He
defines it as “the mode of conceiving a body” (De corpore 8.2). With this, Hobbes is not
just making the commonplace switch from talk of accidents to talk of modes (}13.4),
but further giving the notion of mode a subjective character, so that what counts as a
mode depends entirely on how we conceive of a thing. In a phrase, this definition
undermines both the substance–accident distinction and the veiled-subject doctrine.
The first is ruled out because accidents are no longer something in bodies distinct from
the substance. The second is ruled out because to grasp a body’s accidents just is to
grasp something about the body itself. There is no room here for the concept,
introduced in }6.1, of a thin metaphysical substance, shorn of its accidents. For Hobbes,
everything that exists is a body—“being and body are the same” (De mundo 27.1; see
}16.2)—and so there is no room for metaphysical entities like the thin substance and its
inhering accidents. The only non-reductive conception of accident that could make
sense for Hobbes would be an absurd one—if accidents were bodies as blood inheres in
a cloth. Hence the scholastic account can never get off the ground on Hobbes’s theory.
Everything in the world is a body, and so when we perceive the world, we perceive the
bodies in it. Those bodies have sizes, shapes, and so on, but the only parts such bodies
have are their integral parts—that is, further, smaller bodies. It is only when accidents
are conceived of as parts of a different kind—as metaphysical parts—that we then get
substances of a different kind, as the veiled, metaphysical subject of those accidents.2

Hobbes’s reductive account seems so clear and straightforward that it is surprising, at
first glance, not to find it everywhere in the seventeenth century. Yet, as we will see
in the following two chapters, prominent post-scholastic authors like Descartes
and Locke decline to take this approach. As a measure of just how influential the

2 For Hobbes’s rejection of the substance–accident distinction, see also Seven Philosophical Problems, VII.28: “I see by
this that those things which the learned call the accidents of bodies are indeed nothing else but diversity of fancy, and are
inherent in the sentient and not in the objects, except motion and quantity”; Answer to Bramhall, IV:308: “So also in
speaking, the thing understood or named is called hypostasis, in respect of the name; so also a body coloured is the
hypostasis, substance and subject of the colour; and in like manner of all its other accidents. Essence and all other abstract
names, are words artificial belonging to the art of logic, and signify only the manner how we consider the substance
itself.” See too De mundo 27.1: “moveri, quiescere, albescere, et similia accidentia corporum vocamus, et inesse
corporibus putamus, quia sunt diversi modi quibus corpora concipimus.” And see some English notes on a draft of
the De corpore: “An accident is not a part of natural things. It is the manner (modus) of conceiving a body or according to
which a body is conceived. Or it is the faculty of a body by which it imprints the conception thereof upon us. Or that
power or faculty by which a body is conceived. . . .When we say accidentia in corpore inesse, it must not be understood as
if something were contained in the body: for example, as if redness were in blood as blood is in a bloody cloth i.e. ut pars
in toto, for so an accident were also a body” (in Hobbes, Critique du De mundo appendix II, pp. 452–3). For further
discussion of his rejection of qualities, see }10.2. For his ontology of bodies alone, see }16.2. For his anti-realism regarding
sensible qualities, see }22.5. For his nominal view of powers, see }23.1.
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substance–accident distinction is, we might consider the lengths to which Newton goes
to avoid it. In a fascinating discussion from his De gravitatione (c.1671)—one of the most
impressive philosophical works of the seventeenth century, but published only in
modern times and still not sufficiently appreciated—Newton describes a theory of
body that does away with the veiled subject. The discussion begins by conceding that
it is not possible to prove one or another theory of the structure of bodies. From the
observable phenomena, various metaphysical accounts are, for all we know, possible.
That is, God could have made bodies in various ways, and we have no way of decisively
settling how in fact he did it. Here is one possibility: Take some region of space
(Newton had just finished setting out his theory of absolute space), and suppose God
makes it impenetrable. Let that region have a certain size and shape; let it reflect light
in a certain way, and in general let anything that impinges on it be affected in familiar
ways. Suppose that this region moves, not in the sense that there is some enduring stuff
that changes position in absolute space, but in the sense that God first makes one region
of space impenetrable in this way, and then makes another, overlapping region of
the same size to be impenetrable in the same way. For all we could tell, this just would
be a body:

If God should exercise this power, and cause some region of space above the earth, like
a mountain or any other body, to be impervious to bodies and thus stop or reflect light and
all impinging things, it seems impossible that, by means of our senses (our sole judges in this
matter), we should not consider this space to be truly a body. For it would be tangible on
account of its impenetrability, and visible (opaque and colored) on account of the reflection
of light, and it would resonate when struck because the adjacent air would be moved by the
blow. (pp. 105–6; Janiak pp. 27–8)

An impenetrable region of this sort would be indistinguishable from body. Indeed, it is
possible that all bodies could be like this. Moreover, although there is no decisive
evidence one way or another, Newton suggests some powerful reasons for thinking
that in actual fact this is what bodies are. The very first is that it avoids postulating
a veiled subject:

For the existence of these beings there is no need to imagine some unintelligible substance
serving as the subject in which a substantial form inheres. Extension and an act of the divine will
suffice. Extension takes the place of the substantial subject, in which the form of the body is 3
conserved by the divine will. That effect of the divine will is the form or formal nature of body,
which designates that every dimension of space in which it is produced is a body. (pp. 106–7;
Janiak p. 29)

So in place of prime matter, Newton offers extended space. In place of substantial form,
he offers the “effect of the divine will” (line 4), which directly makes it the case that a
certain region of space will behave as a body—or, rather, if Newton’s speculative
proposal is right, makes it be a body. There is no more direct evidence for one theory
than for the other, but Newton’s account at least avoids the need to postulate a subject
that is entirely “unintelligible” (line 1).3

3 Newton specifically argues that his prime-matter analogue, extended space, is preferable because of its reality and
intelligibility: “Differunt autem quod extensio—cum sit et quid, et quale, et quantum—habet plus realitatis quam
materia prima, atque etiam quod intelligi potest, quemadmodum et forma quam corporibus assignavi” (p. 107; Janiak
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In many respects, nothing could be farther from the scholastic approach. Although
Newton offers analogues to form and matter, there are no enduring things that
constitute the substance. Space as a whole endures, to be sure, but what counts as an
enduring body on this view will change its ‘matter’ whenever it moves. Perhaps one
can speak of an enduring divine volition, but that can hardly be a constituent of the
body, and moreover the content of that volition changes as the body moves, inasmuch
as the volition targets first one region of space and then another. Here, then, Newton’s
theory of absolute space allows him to reject not just the veiled-subject doctrine, but
also the substratum thesis—even the weak doctrine of a substratum that endures
through accidental change (}2.2). Still, as radical as this proposal is, it takes for granted
that there is something right about the veiled-subject doctrine. Even if that doctrine is
wrong in postulating an enduring subject beneath the veils, it is right at least about
the veils themselves. That is, Newton accepts that there is no path from the qualities
of a thing—its impenetrability, its reflecting light, etc.—to the thing itself. So even
in rejecting an underlying subject, in favor of the idea that bodies are simply space so-
and-so disposed, Newton displays the enduring attraction of the veiled-subject doctrine.
And although the speculative account of the De gravitatione does not appear in his later
works, the veiled-subject doctrine does. Thus, according to the General Scholium of
the Principia (2nd ed., 1713), “we grasp nothing (minime) of what the substance of any
thing is. We see only the shapes and colors of bodies, we hear only their sounds, we
touch only their external surfaces, we smell only their smells and taste their flavors.
We grasp their inner substances through no sense or reflective act.”

7.2. Unknowable Form, Unintelligible Matter

Why should the doctrine of a veiled subject have retained such influence over the
whole of our period? One reason, as I have suggested already, is that the substance–
accident distinction, combined with the thought that it is accidents we are directly
acquainted with, leads almost directly to the idea that the subject of those accidents is
something more obscure, either entirely unknowable or else knowable only by infer-
ence. This, at any rate, helps to explain the doctrine’s prevalence among the scholastics.
Even William Ockham, unorthodox in so many respects, accepts that sensible qualities

p. 29). He goes on to concede that he has not explained how God imposes his will on space in this way—a gap in the
intelligibility of his own proposal—but remarks that we are stuck with this puzzle anyway, since it is the same as the
puzzle of how we will to move our own bodies. Later, he returns to the “vulgar”—that is, scholastic—idea of body as
containing a veiled subject: “Quod si vulgarem corporis ideam (aut potius non ideam) amplectimur, scilicet quod in
corporibus latet aliqua non intelligibilis realitas quam dicunt substantiam esse in qua qualitates eorum inhaerent . . . ”
(p. 109; Janiak pp. 31–2). See Ch. 8 note 22 for Newton’s view in the context of Descartes’s theory.

Bennett offers Newton’s account as a helpful starting point for Spinoza’s conception of space as the one extended
substance (Spinoza’s Ethics pp. 88–92). For reasons I do not understand, however, Bennett thinks that Newton makes his
proposal as a “joke” (p. 90). It seems to me clear, on the contrary, that Newton is quite serious about his proposal as both
physically and epistemically possible. Whether he thinks it likely I do not know. In the much later Query 31 of the Optics
(1718), Newton takes for granted a more orthodox corpuscularian theory, which embraces the usual substratum thesis.

For the dating of the De gravitatione to c.1671 see Feingold, Newtonian Moment p. 26. The editors of De grav. suggest that
it dates from the mid-1660s, when Newton was in his early twenties. A comparison with his philosophical notebooks
from 1664–5 (ed. McGuire and Tamny) makes this seem unlikely, however, inasmuch as the notebooks are clearly
philosophical juvenalia whereas the De grav. is a work of considerable philosophical brilliance. (Admittedly, Newton was
doing important mathematical work in 1665.)
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are really distinct from their subjects (}19.2). He reasons that since it is these qualities
that we grasp of external objects, the underlying subjects cannot in themselves be
known: “we can naturally cognize no external corporeal substance in itself” (Ordinatio
I.3.2 [Opera theol. II:412]). Although Ockham leaves room here for us to have a grasp
of our own intrinsic nature, through introspection, he denies any knowledge of
external “corporeal” substances in themselves. To say we cannot know or cognize a
substance in itself is to say we cannot grasp its intrinsic, distinctive character. To this
extent, substance is unintelligible. Scholastic authors were in general agreement that
substance itself is either completely unknowable, or knowable only obliquely, with
great difficulty.

Such pessimism—what I am calling the veiled-subject doctrine—is motivated by
more than the substance–accident distinction. For inasmuch as scholastic authors
conceive of the substance as simply prime matter plus substantial form (}6.1), they
can hardly regard it as knowable unless at least one of its parts is knowable. Thus Scotus
argues for the unknowability of substance by considering its constituent metaphysical
parts: “If matter does not impress upon intellect any actuality with regard to itself, and
neither does substantial form, then what simple concept will intellect have of matter or
form?” (Ordinatio I.3.1.3 n. 146). The consensus answer to this question, going back to
the classical authors of the thirteenth century, was that we could have no concept of
either matter or form. Aquinas, for instance, holds that “substantial forms, which are
unknown to us in their own right, become known through their accidents” (Summa
theol. 1a 77.1 ad 7). As this passage reflects, Aquinas takes a more optimistic position
than some, regarding substantial forms as veiled but not unknowable. He is less
optimistic, though, about prime matter: “matter in its own right neither has existence
nor is cognizable” (ibid., 15.3 ad 3). Ockham agrees, despite his very difficult conception
of what prime matter is: “however much matter is a thing actually existing and
necessarily distinct from form, still it is not intelligible of itself (per se)—that is, it is
not intelligible by a cognition that is simple and proper to it” (Summula I.14 [Opera phil.
VI:194]). Ockham goes on to allow that we can say true things about prime matter.
We do so, however, by cobbling together various other concepts, not proper to prime
matter, such as being deprived of a thing and being under a thing and being a thing. In this
way, we can frame a description that uniquely picks it out, but without having any
concept of prime matter in its own right. Ockham takes this to be true not just for
prime matter, though, but also for substantial form: “substantial form can be grasped
by us through no other way; instead, just as matter is cognized by analogy to form,
so substantial form is cognized by analogy to matter” (ibid., VI:195). We break into
this apparently closed loop by grasping accidental forms, which lead to an underlying
subject, and eventually to its two metaphysical parts.4

4 For the veiled-subject doctrine in Ockham, see also Ord. I.3.2 (Opera theol. II:416–17) and Quod. III.6 (Opera theol.
IX:227): “de substantiis non habeamus experientiam nisi per accidentia, et illa non probant sufficienter quod sit distinctio
specifica vel unitas.” For the case of substantial forms, see also Henry of Ghent, Quod. IV.13 (ed. 1518, I:104vI): “formae
enim proprium est agere; unde etiam forma dicitur actus ab agendo, et formas nobis occultas cognoscere non possumus
nisi ex actibus earum nobis manifestis.” For a later scholastic statement, see Scipion Dupleix: “nous ne voyons pas ni ne
touchons les corps, comme le vulgaire pense, ains seulement voyons leurs couleurs, et touchons leur surface extérieure”
(Physique VIII.20.17).

For Aquinas on knowing essences, see also De ente 5.76–81, Quaest. de spir. creat. 11 ad 3, In Post. an. II.13.119–21 [}533],
and In De an. I.1.254–5 [}15]. See the discussions in Brown, Accidental Being pp. 80–3; Reynolds, “Properties”; Pasnau,
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The knowability of substantial form is closely connected to the knowability of
essences. A thing’s substantial form either is its essence or is the principal part of a
thing’s essence, together with its commonmatter. Either way, the thin substance just is,
in effect, the stripped-down essence of a thing, conceived of apart from the accidental
properties of the thick substance. Hence doubts about our grasp of essences go hand in
hand with doubts about our ability to grasp a thing’s substantial form. These issues
will be discussed in some detail in Chapter 27, once we have a more complete picture
of what substantial forms are.5

The case of primematter can be considered in somewhat more detail here. There was
no dispute, among scholastic authors, over the basic claim that prime matter is unintel-
ligible. Aristotle had famously spoken of grasping matter by analogy (Phys. I.7, 191a8),
but given that the nature of prime matter was thought to be so different from the nature
of other things, the analogy could at most point in the general direction of an enduring,
indeterminate stuff, without showing anything about what that stuff is.6 Descartes quite
rightly highlights the comparative advantage of the corpuscularian account:

No one who uses his reason will, I think, deny the advantage of using what the senses perceive to
happen in large bodies as a model (exemplum) to judge what happens in tiny bodies that elude our
senses 3merely because of their small size. This is much better than explaining matters by thinking
up I know not what new things that have no resemblance to the things that are sensed, such as
primematter, substantial forms, and thewhole range of qualities that people habitually introduce.
These 6are all harder to understand than the things they are supposed to explain. (Principles IV.201)

As Descartes acknowledges (lines 1–3), the corpuscularian must also make an inference
from visible bodies to a substratum of invisible corpuscles. Still, at least the corpuscu-
larian analogy runs between things that have a “resemblance” to each other (line 4),
differing only in size. The scholastics, in contrast, make an inference from enduring
subjects like bronze to a subject of an entirely different kind.
As we have seen (Chs. 3–4), it is essential to the metaphysical prime matter of the

scholastics that it lacks the completeness and actuality of corpuscularian prime matter.
Such incompleteness accounts for its obscurity, inasmuch as it lacks the actuality to
make itself known. (The actuality of substantial form, in contrast, makes it at least a
possible object of knowledge.) Thus Albert of Saxony, in a characteristic treatment of
whether matter is cognizable in itself, reaches the conclusion that we cannot have a
“proper concept” of prime matter, on the grounds that it is in no respect active, and so
cannot give rise to any understanding of itself.7 This much was fairly uncontroversial
among scholastic authors. Some went even further, however, and described prime
matter as unintelligible even in principle. When Aquinas, as quoted above, describes

Thomas Aquinas pp. 164–70. On the unknowability of prime matter in particular, see Wippel, Metaphysical Thought of
Thomas pp. 325–7.

5 On whether essences are something more than just substantial form, see, e.g., Buridan, In Meta. VII.12; Coimbra, In
Phys. I.9.5. The impetus for thinking that essence might just be form is Averroes, In Meta. VII.34.

6 On how to interpret Aristotle’s call to understand form ŒÆ(’ I*Æº#ª'Æ*, see Ockham, In Phys. I.16.6; Albert of
Saxony, In Phys. I.16, pp. 223–4; Zabarella, De rebus nat., De prima rerum materia I.4.

7 Albert of Saxony describes the inconceivability of matter as follows: “Tertio conclusio: materia non est per se
cognoscibilis conceptu proprio. Probatur, quia materia non potest cognosci sine discursu, propter hoc quod non potest
agere speciem suam in intellectum mediante sensu: patet, quia non est sensibilis. Secundo, nam, si sic, ipsa esset activa:
ageret enim in intellectum; sed hoc falsum, quia, secundum quod dictum est in primo articulo, materia nullius est
activitatis” (In Phys I.16, p. 223).
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prime matter as neither having existence nor being cognizable (Summa theol. 1a 15.3 ad 3),
he seems to mean this in the strongest possible sense: that is to say, that not even
God can understand prime matter. In De veritate 3.5c, Aquinas remarks that God
has an idea of neither prime matter nor material substantial forms, in themselves,
because neither can exist apart from the other. This suggests the intriguing prospect
that not even an omniscient mind—the mind that created matter—can understand
its true nature.

Scholastic authors were aware of Aquinas’s bold claims, but almost always
denied that prime matter is absolutely unintelligible—that is, unintelligible even to
God. Scotus argues that prime matter is intelligible to both God and angels, and
Ockham insists that God has an idea of all the parts of created substances, integral
and metaphysical. Suárez, looking back with the perspective of three centuries, remarks
that “although theologians dispute whether God has a proper idea of matter, and
some seem to deny it. . . , still in truth it cannot be denied, except perhaps in a manner
of speaking” (Disp. meta. XIII.6.1). Even the Thomists, who at least attempt to accept
Aquinas’s austerely bare conception of prime matter, try to soften the doctrine:
thus Cajetan, while insisting that strictly speaking there is no divine idea of prime
matter, allows that God has the theoretical concept (ratio speculativa) insofar as God
has the general idea of body qua body. Some sort of softening really does seem
inescapable. If the doctrine of omniscience means anything, it means that God knows
everything that is knowable. For prime matter to be unknowable, there would have to
be something contradictory in the claim that God understands its nature. The only
contradiction that seems possible would be if prime matter has no nature at all.
Aquinas’s temptation to go that far is of a piece with his temptation to think that
prime matter does not exist at all (}3.1), but neither of these conclusions were taken
seriously by later scholastic authors.8

Prime matter’s knowability for us is another question. Although there was
agreement that we can truly characterize prime matter, there was disagreement over
whether those characterizations amount to a grasp of matter’s proper nature, or
simply a description of various accidental features that serve to pick it out uniquely.
Ockham, as we saw above, takes the latter view, as do Scotus, Albert of Saxony (also
quoted above), and the Coimbrans. Others, however, while conceding that we have
no immediate grasp of prime matter, held that inferential reasoning can lead us to at
least a partial grasp of its proper nature. This seems to be the view of John of Jandun
and of pseudo-Marsilius of Inghen. The latter’s detailed characterization of prime
matter (In Phys. I.20), considered in }3.1, is offered by way of an affirmative answer

8 Against Aquinas’s claim of absolute unknowability, see Scotus, Lectura II.12 n. 79 (Vatican XIX:101); Opus Ox. II.12.2
(Wadding VI.2:697 [not in Ordinatio]); Opus Ox. II.12.1 (Wadding VI.2:676 [not in Ordinatio]): “Dico igitur quod materia
secundum se in sua essentia est cognoscibilis, sed non a nobis. Primum patet, quia omnis entitas absoluta in se est
cognoscibilis; materia est huiusmodi; ergo.” And see Ockham, Ordinatio I.35.5 (Opera theol. IV:493): “Alia conclusio
sequitur quod materiae et formae et universaliter partium essentialium et integralium omnium sunt distinctae ideae.”

Cajetan attempts to sort out Aquinas’s view as follows: “idea ut ratio, respondens materiae primae, est idea corporis,
quod est genus in praedicamento Substantiae ” (In Summam theol. I.15.3, IV:205). Cajetan thinks it clear that Summa theol.
takes a deliberately harder line than the earlier De veritate. Vasquez criticizes Cajetan for trying to have it both ways, and
argues that either prime matter has no being, and so no idea in God, or it has being, and so has a divine idea. Vasquez—
no Thomist even in the midst of a commentary on the Summa theol.—takes the second view (In Summam theol. I.74.3,
I:392b).
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to the question of whether prime matter is cognizable. Although pseudo-Marsilius does
not expressly say that he is showing us matter’s true nature, the tenor of the discussion
makes it fairly clear that this is his ambition. Suárez characteristically makes these
disputes explicit, and attempts, also characteristically, to reach a moderate conclusion.
We do have a proper concept of prime matter, he argues, but one that is in part
negative and in part confused (as opposed to picking out prime matter uniquely). So, for
instance, in describing prime matter as the first subject, we do describe a concept that
is proper to prime matter alone. But ‘subject’ applies confusedly, inasmuch as it applies
to many things other than prime matter. The addition of ‘first’ gives the description
its specificity, but does so negatively, by denying that there is any prior subject. This is
in the end not very different from Ockham’s superficially more negative verdict. He
and Suárez agree that we can uniquely describe prime matter, but that we do so in
largely negative terms, without having any distinctive positive idea of what it is. No
proponent of metaphysical prime matter seems to have contended otherwise.9

Which is explanatorily prior, the metaphysical indeterminacy of prime matter, or its
epistemic obscurity? Francis Bacon argues that scholastic authors go from the latter to
the former, fallaciously deriving the unactualized potentiality of prime matter from the
mere fact that it is hidden:

The ancients maintained that prime matter (of the sort that can be the principle of things) is
formed and endowed, not abstract, potential, and unformed. To be sure, that stripped and
passive 3matter seems nothing more than an invention of the human mind, one that arose from
its seeming to the human intellect that what exists above all is what it imbibes most strongly and
by which it is most affected. Thus it is that forms (as they call them) seem to exist more than
does 6matter or action, the first of which is hidden and makes a less strong impression, whereas
the second is in flux and inheres less constantly. Those images, on the other hand, are judged to
be both manifest and constant, with the result that prime, common matter seems to be a kind
of 9accessory and to stand as a substratum, whereas any kind of action seems to be a mere
emanation from form. So it is that forms are given all the leading parts. (De principiis [Phil.
Studies p. 206])

Although Bacon leaves open whether there are in fact unbreakable atoms (}5.4), he
approves of the Democritean method of treating enduring matter as something
corporeal, “formed and endowed” (line 2). The mistake of both Plato and Aristotle,
as Bacon characterizes it, was to take the obscurity of the material substrate as a guide
to its true nature, so that its epistemological status is made to have metaphysical
import. Forms, in contrast, because they are the most prominent features of the natural
world, are “given all the leading parts” (line 10).
This is a clever piece of rhetoric, but not very plausible as an accusation. Part I of this

study considered in some detail the motivations that scholastic authors had for thinking

9 Jandun is among those who argue we can grasp at least part of the proper nature of prime matter, albeit through
form (In De subst. orbis Q5). The Coimbrans argue we cannot (In Phys. I.9.2.2). Suárez’s attempt at a compromise runs as
follows: “Quoad secundum autem dicendum est pervenire quidem nos in aliquem proprium conceptum materiae
primae, non tamen omnino distinctum et prout in se est, sed negativum partim, partim confusum. Tota haec assertio
constat ex definitione materiae tradita ab Aristotele, scilicet, esse primum subiectum, etc.; nam per illam descriptionem
aliquem conceptum obiectivum explicamus; ille autem est proprius materiae, sicut et ipsa definitio. In ea vero definitione
subiectum quid confusum est et commune; additur vero quod sit primum, ut ad materiam limitetur: primum autem
negationem importat prioris subiecti” (Disp. meta. 13.6.1).
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that prime matter must be indeterminate and dependent on form. It is on metaphysical
grounds such as these that prime matter is judged to be unknowable in some deep, in-
principle way. This is to say that, contrary to Bacon’s charge, the metaphysics drives
the epistemology. When the hylomorphic metaphysical framework gets abandoned in
the seventeenth century, it becomes natural to treat prime matter in corpuscularian
fashion, which means that it is veiled only because of its size. On this sort of view, as we
saw Descartes suggest earlier in this section, the stuff that endures through all material
change is no different from the macro-sized stuff we see all around us, except in being
smaller. If such prime matter is unknowable, it is so only for lack of sufficiently
developed technology. The scholastic view suggests something different: that prime
matter is not body at all, but a thing of an entirely different kind, metaphysical rather
than physical, unknowable to us even in principle, because it lacks the sort of actuality
that we are capable of grasping.

7.3. Substance Shrouded: Scotus and Marchia

Just how far off the mark is the naively empirical idea that we perceive things in
themselves? A characteristic thought of the seventeenth century was that the external
world is veiled by our ideas, and known at best indirectly through them. A characteris-
tic scholastic thought, the one we have been considering, was that the things in
themselves are veiled by their accidental qualities, and known only through them.
The veil of ideas was as familiar to scholastic audiences as the veil of qualities was in the
later seventeenth century, and so one might consider superimposing the two veils,
thereby introducing two degrees of separation between us and the world: first we grasp
our own impressions, which lead us to the sensible qualities of things, from which
we derive some information about the underlying subject of those ideas. Might we lie
twice removed from material substances?10

Perhaps this was Locke’s picture of the world (}9.1, }23.4). It was more common,
however, to choose one or the other veil, inasmuch as each tends to undermine the
other. If one thinks that we perceive our own ideas, then it is natural to shift the
manifest characteristics of sensible qualities into our own mind. To that extent, though,
there is less reason to insist on a distinction between a substance and its qualities. It
becomes tempting to say that there are only substances in the world (aggregates of
corpuscles), and that the ideas we perceive are merely one step removed from that
reality. On the other hand, a commitment to the substance–accident distinction makes
the veil of ideas less tempting, because it allows for a middle ground between seeing
our own ideas and seeing corpuscles in motion. The character of that middle ground—
that is, the character of sensible qualities—is a topic for later discussion (Chs. 21–3).
Here the crucial point is that the veiled-subject doctrine has as its natural counterpart
the idea that what we are directly acquainted with are the sensible qualities of material
substances. This is the idea that Bacon alludes to at the end of the previous section
when he describes forms as having been “given all the leading parts” (line 10). To some

10 For one scholastic version of the veil of ideas, in Peter John Olivi, see my Theories of Cognition pp. 236–47. For the
notion of twin veils, see also Stuart, “Descartes’s Extended Substances” p. 85, as a possible reading of Descartes.
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extent this remark applies to substantial form, but what Bacon is mainly thinking of are
accidental forms in the category of Quality, whose alleged causal role was the principal
obstacle to corpuscularianism (Ch. 19). Just as Bacon charges that the metaphysical
incompleteness of prime matter is illicitly deduced from its epistemological obscurity,
so he charges that the causal prominence of form is illicitly deduced from its being
“manifest and constant” (line 8). One way to sever that connection is to put manifest
qualities into the mind, and so outside the causal nexus of material objects. Bacon
himself, however, takes a different route, leaving sensible qualities in the world
but denying that they are either manifest or constant. Investigation shows that heat,
for instance, quite contrary to its manifest appearance, is just the motion of corpuscles
(}21.4).
For the remainder of this chapter, let us follow the scholastic route, and locate

sensible qualities in the world, as the immediate objects of perception. What then
becomes of our knowledge of substance? Some authors were, in effect, skeptics.
Consider Scotus’s account of why prime matter can be grasped only indirectly:

[Prime matter] cannot be cognized by us, except by analogy to form, because of the defective-
ness of our intellect. Neither can [substantial] form be cognized by us, except by analogy,
because from the sensible [qualities] we cognize we are led to a grasp of form, through sensible
operations. Matter, however, is the principle of no sensible operation, and so from subsequent
forms, which are principles of other operations, we reach the further conclusion that matter
stands to them analogously to how what receives stands to the thing received. (Lectura II.12
n. 79)

Suppose we are sitting in front of a fire. On Scotus’s account, we start with sensibilia, by
which he means accidental qualities. (As he says elsewhere, “accidents are principles of
acting and principles of cognizing substance, . . . and the per se objects of the senses”
[Ordinatio IV.12.1; Wadding n. 16; see }10.5 for the larger context of this claim].) The
fire’s heat and light are the product of the “operations” that produce these sensible
qualities, and from those operations we infer an underlying principle, the substantial
form, that accounts for those operations. (See }24.4 on the relationship between
substantial form and its sensible qualities.) This route does not get us to prime matter,
however, because we cannot make an inference of that sort from observables to prime
matter. To grasp prime matter, we have to wait until the form of fire is replaced
by some other form, perhaps the form of ash. Matter can then be understood as
the enduring subject of first one substantial form and then another (}2.2).
Scotus takes the standard scholastic theory of perception—that what we perceive are

the sensible qualities, and that these are distinct from their underlying subject—to
create an insuperable difficulty for our grasp of substance itself. In arguing, in the
passage just quoted, that we can achieve only an indirect, inferential grasp of substantial
form and prime matter, he is implicitly saying that this is the best we can do in
understanding the thin metaphysical substance, which just is the composite of prime
matter and substantial form. Elsewhere he sets out this conclusion starkly, remarking
that “no substance is understood in its own right, except in the most universal of
concepts, namely being” (In Meta. II.2–3 [Opera phil. III n. 116]). As for the fact that we do
seem to offer definitions of various substances, Scotus dismissively replies that “with
respect to substances we have a vocal disposition, just as someone blind is naturally
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able to syllogize about colors” (ibid., n. 119). That is to say that we have words that we
use, but we do not know what we are talking about. Making explicit the veil that
sensible qualities draw across substance, he remarks:

If substance does not immediately impress our intellect with some understanding of itself,
but only sensible accidents do, then it follows that we could have no quidditative concept
of substance except what could be abstracted from the concept of accident. But the only
quidditative concept that can be abstracted from the concept of an accident is the concept of
being. (Ordinatio I.3.1.3 n. 139)

For Scotus, there is a barrier in principle to our understanding substances. All we have
immediate access to are accidents, but from the concept of an accident we cannot get
to the concept of a substance, except for that one concept, being, that both substances
and accidents share. Hence the most we can do is describe substances in terms of
the accidents they manifest. With respect to the (thin) substance that lies beneath those
accidents, we can say only that it is a being. (We can say this much, indeed, Scotus
thinks, only if we insist on something that most early scholastic authors denied: that
‘being’ is univocal between substance and accidents [}10.5].)11

Scotus’s remarks about substance were widely endorsed, and were understood to
hold up and down the Porphyrian tree, at different levels of generality. At the top of
the tree, they imply that we cannot define the true nature of substance in general. They
also imply, branching out as we move downward, that we cannot define any of the
more specific genera, all the way down to the species of a given kind of substance, such
as homo. Finally, at the very bottom of the tree, they imply that we cannot specify the
nature of an individual substance, such as you or me. With respect to this lowest level,
there could hardly have been any disagreement. Most agreed that individual substances
of the same species differ in more than their accidents—that is, that their natures are
intrinsically different, although not different enough to locate them in different species.
But no one supposed that human beings, at least in this life, could ever come to grasp
those subtle intra-specific differences. With respect to the highest level, the definition
of substance in general, }6.2 considered the two stock scholastic definitions: subsisting
per se, and serving as a subject in which accidents inhere. Do either of these pick out the
real nature of substance? According to Francis of Marchia, lecturing in Paris around
1320, they do not. Presumably influenced in this regard by Scotus, Marchia describes
the subsistence definition as proper to substance but purely negative, inasmuch as it
simply rules out inhering in something else. The inherence definition, in contrast, is
positive, but extrinsic and accidental, inasmuch as it rests on facts about something
other than the substance itself. Hence neither definition tells us what substance itself is.
What about the real natures of species? Marchia again takes Scotus’s pessimistic line:

One who has a proper essential concept of a prior object can distinguish it through that concept
from anything that is not it, once any posterior concept has been removed that is not a part of its

11 For other statements of Scotus’s pessimism with regard to our grasp of substances, see In De an. q. 21; Lec. I.3.1.1–2
(Vat. XVI nn. 110–12); Ord. I.3.1.1–2 (Vat. III nn. 139–46); Lectura I.22 (Vat. XVII nn. 2–3); Ord. I.22 (Vat. V nn. 5–7). For
very helpful discussions of Scotus’s views in this area, see Pini, “Scotus on Knowing and Naming” and “Scotus on Doing
Metaphysics.” Pini points to Richard of Middleton (Sent. II.24.2) as an earlier instance of similar sorts of doubts.
On the argument for univocity between substantial and accidental being, as essential to our knowledge of substance,

see the discussions in Fonseca, In Meta. IV.2.1.2 and Suárez, Disp. meta. 32.2.2.
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nature. . . . 3But our intellect, in this life, following the natural order, with all the accidents
removed from substances, has nothing within itself with which to distinguish between those
substances. For let all the accidents and dispositions for accidents be removed intellectually from
a lion and a 6horse. Nothing remains within the intellect with which it can distinguish them.
Anyone can experience this within himself, because the intellect distinguishes a lion from a
horse only by analogy to the accidents that are proper to each. Therefore the intellect does not
have any proper 9essential concept of either one. (Sent. I.3.1, pp. 508–9)

This argument from indiscernibility puts in terms of a concrete example Scotus’s
conclusion that our only concepts about substance kinds are concepts drawn from
accidents. Marchia is claiming that if we try to articulate the difference between a bare
(accident-free) lion and horse, we come up empty: we have no distinct idea at all of the
one versus the other (lines 5–9).12

In view of the general scholastic consensus over the difficulty, if not the impossibility,
of making the jump from accidents to substance, it is ironic how often seventeenth-
century critics attack scholasticism for being, in Locke’s terms, “pretenders to a
knowledge that they had not” (Essay III.8.2). Locke contrasts scholastic philosophers
with uneducated craftsmen:

And yet those ignorant men, who pretend not any insight into the real essences, nor trouble
themselves about substantial forms, but are content with knowing things one from another by
their sensible qualities, are often better acquainted with their differences, can more nicely
distinguish them from their uses, and better know what they expect from each, than those
learned quick-sighted men, who look so deep into them, and talk so confidently of something
more hidden and essential. (ibid., III.6.24)

No doubt philosophers have never, in any era, known as much as ordinary folk. But
Locke gets the scholastic position quite wrong by suggesting that it gave an important
role to speculation about the essential character of things. Indeed, if anything, matters
are exactly the opposite. Scholastic authors tend to think it impossible to say anything
very substantive that goes beyond the sensible qualities of a thing, and so they typically
do not even try, contenting themselves instead with empty placeholders like bovinitas
and humanitas. It is the corpuscularian philosophers who attempt to offer speculative
hypotheses about such things—often at great, tedious length—which we shield modern
readers from by leaving those sections untranslated and unanthologized. The English
Descartes is sanitized of his vortices and his subtle matter, and we are spared Gassendi
almost entirely (}19.7).

12 Francis of Marchia characterizes our grasp of substance as follows: “Secundo, dico quod intellectus habet
naturaliter conceptum negativum substantiae. Patet, quia non esse in aliquo sicut in subiecto est proprium substantiae;
hoc autem intellectus attribuit substantiae, non accidenti; igitur habet aliquem conceptum proprium negativum
substantiae. Tertio, dico quod habet aliquem conceptum proprium positivum accidentalem extra rationem substantiae.
Patet, quia substare omnibus accidentibus est proprium substantiae; hoc autem intellectus attribuit substantiae, non
accidentibus; igitur habet de substantia proprium conceptum negativum et proprium conceptum positivum extrinsecum
et accidentalem” (Sent. I.3.1, p. 508).

Marchia’s skeptical tendencies seem to have influenced Gregory of Rimini, Sent. I.3.2: “Tertium dubium est de
substantia, quomodo cognoscatur, an scilicet in se immediate vel in sua specie vel tantum in conceptu formato per
intellectum” (p. 382). “Ad tertium dubium pro nunc potest dici, sicut dicit unus doctor, quod substantia cognoscitur in
aliquo conceptu proprio negativo, qualis est ‘ens naturaliter per se existens’ ” (p. 385).
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Of course, some post-scholastic authors, such as Locke himself, were embarrassed by
the speculative nature of the corpuscularian movement.13 And insofar as one might
want to defend such speculations, they can be thought of as early expressions of
modern science. Such scientific musings—if that is what they are—are famously absent
from scholastic thought. The reasons for that are of course complex, but one very
important reason is the veiled-subject doctrine. Scholastic authors did not generally
attempt to go beyond appearances to explain the nature of fire or water, let alone the
nature of lion or horse, not because they lacked any interest in doing so, or because
they thought they lacked the technology. Instead, very commonly, they took it to
be metaphysically impossible to reach any substantive conclusions about the nature of
substance from information about sensible accidents. This is the point of Scotus’s
insistence that we can arrive only at the shared concept of being. Marchia reaches
a very similar conclusion:

Substance, in this life, does not of itself move our intellect immediately, but only mediated by
accidents. For it moves intellect only mediated by the senses, which are not receptive of
substance. An accident, however, cannot cause a concept that is more perfect than its own
proper concept, and a proper essential concept of substance is more perfect than the proper
concept of an accident. Hence neither an accident nor the intellect, by virtue of an accident, can
have the proper essential concept of a substance. (Sent. I.3.1, p. 509)

Whereas Marchia’s earlier argument from indiscernibility appeals simply to what
listeners take themselves to know about substance, here Marchia argues for the
theoretical impossibility of passing from accidents to substance. The key premises of
the argument—that substance concepts are more perfect than accident concepts, and
that less perfect concepts cannot lead to more perfect concepts—are perhaps too
abstract to seem very persuasive on their own. These are, however, simply a way of
insisting on the metaphysical understanding of substance that is the shared foundation
of scholastic thought. When the thin substance is understood as a composite of prime
matter and substantial form, and when this matter and form are understood as
metaphysical parts of substances, they are positioned out of reach of ordinary empirical
inquiry. Call their concepts “more perfect” or more abstract or simply more obscure,
but in any case the scholastic framework does raise an in-principle barrier to the move
from accidents to substance.

Setting aside for later (}27.2) our knowledge of essences, we can consider here
the more fundamental question of whether we can have any grasp of substance at
all. Given the substance–accident distinction, our inability to go beyond accidents
implies that we have none. This is to say not just that we lack a precise account of
what distinguishes lions from cheetahs, say, but moreover that we lack any substantive
information about lions themselves, as opposed to the accidental qualities they might,
singly, share with many other animals. We grasp part of the thick concrete substance,
inasmuch as we grasp certain accidental forms, but we grasp the thin metaphysical
substance not at all. Given that the thin substance just is the thing itself—the lion or the
cheetah—our grasp of the material world turns out to be radically impoverished. In

13 On Locke’s commitment to the corpuscularian–mechanical philosophy, see Ch. 9 note 13.
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view of this outcome, it is unsurprising that the most skeptical of scholastic authors, like
William Crathorn and Nicholas of Autrecourt, take seriously the prospect that there
simply are no substances at all. In the second of his notorious letters to Bernard of
Arezzo (1335–6), Autrecourt proposes that “Aristotle never had evident knowledge of
any substance other than his own soul” (n. 22), inasmuch as such knowledge would
have to be based on an invalid inference from sensory experience. Autrecourt would
subsequently be condemned for having held that “it cannot evidently be shown, in
pointing to some bread, that there is some thing (res) there that is not an accident”
(Correspondence Appendix A 2.2)—this being just one of many cases where fertile
avenues of philosophical inquiry were shut down in the fourteenth century by ecclesi-
astical opposition (Chs. 19–20). The character of Autrecourt’s preferred ontology will
concern us later (}19.4, }28.2). Here we need note only that one of the great attractions
of corpuscularianism (at least when developed along Hobbes’s lines) is that it promises
to put our acquaintance with substances on a solid foundation. To grasp a sensible
quality of a material substance just is to grasp something about that substance. Because
qualities—as they are in the world—are simply ways in which matter is structured,
and because matter variously structured is just what substances are, there is no gap
between qualities and substance, and hence no danger that qualities might veil the
substances.14

14 Autrecourt’s second letter makes his doubts about our knowledge of substance quite evident: “Et quod de aliqua
substantia coniuncta materiae alia ab anima nostra non habeamus certitudinem apparet, quia demonstrato ligno vel
lapide, quod substantia sit ibi clarissime deducetur ex uno credito coaccepto. Sed hoc non potest inferri evidenter ex uno
credito coaccepto, nam cum omnibus apparentibus ante huiusmodi discursum potest esse per aliquam potentiam, utputa
divinam, quod ibi substantia non sit. Igitur in lumine naturali non infertur evidenter ex istis apparentibus quod substantia
sit ibi” (n. 25).

Crathorn’s doubts about substance run like this: “Prima [conclusio] est quod nulla res corruptibilis possit proprie dici
substantia—ut natura ligni vel lapidis vel aliquid consimile. Et hoc patet sic: istud nomen ‘substantia’ derivatur ab isto
verbo ‘substo, substas’; unde illud proprie vocatur substantia quod stat sub alio vel aliis. Sed nihil est in isto ligno de quo
proprie possit dici quod stet sub aliquo alio quod est in ligno. Licet enim in ista re sint multae naturae coextensae, tamen
una illarum non est magis sub alia quam econverso. Igitur nulla illarum potest proprie dici substantia” (Sent. I.13,
pp. 391–2).

Yet another example of a scholastic author tempted to deny the reality of material substances—contemporary with
both Autrecourt and Crathorn—is Thomas Manlevelt, Quaest. super vet. art., De praed. q. 16: “Prima conclusio est ista,
quod probabiliter posset susteniri physice loquendo, nullam penitus substantiam esse in istis inferioribus, accipiendo
substantiam pro composito ex materia et forma, vel pro aliqua parte talis compositi.” To say this thesis can be sustained
“probabiliter” is a weak claim: not that it is in fact probable in the modern sense, but merely that there are plausible
arguments to be made in its favor. (Accordingly, he goes on to argue that it can also be held probabiliter that substances
do exist.) Manlevelt makes clear just how weak a claim this is by going on to contend that something should be held
probabiliter if its opposite cannot be evidently proved. He then argues that in fact it cannot be evidently proved that
there are material substances: “omnes apparentiae possunt evidenter salvari, non posita aliqua tali substantia . . . quia
posita tantummodo accidentibus sibi invicem subsistentibus et adhaerentibus, salvatur generatio et corruptio, aug-
mentatio et diminutio, alteratio et loci mutatio, sicut patet in hostia consecrata” (n. 21). An obvious problem for this
sort of bundle theory is that it might violate the substratum thesis (}2.2). Manlevelt considers this. He contends that
there will usually be accidents enduring through all cases of change (n. 29), but allows as “satis probabiliter” the
possibility that in some cases there might be no enduring substratum at all, but just a generans giving rise to a
generandum (n. 31). Will that violate the ex nihilo principle? Manlevelt considers this, and argues that that principle
places a restriction on natural change only when understood weakly, as requiring only a terminus a quo (n. 32)—what in
}2.2 I call “the ingredients.” For a detailed discussion of Manlevelt’s arguments, with an edition of the whole question,
see Andrews, “Thomas Maulevelt.” In }8.2 i will consider how Descartes argues against this sort of bundle theory of
substance.
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7.4. Lifting the Veil I: Oresme

Is it possible to escape the veiled-subject doctrine from within scholastic Aristotelian-
ism? Not everyone took the extreme position of Scotus and Marchia. Perhaps more
common was the incrementalism of Aquinas, who thought that the substances of things
are hidden, but can become gradually known to us through the study of their accidental
qualities.15 This sort of view had already received a classic formulation in Robert
Grosseteste’s highly influential commentary on the Posterior Analytics (1220s):

And so when, over time, the senses act through their many encounters with sensible things,
reason, which is mixed up with the senses and in the senses as if it were carried toward sensible
things in a ship, is awakened. Once awakened, reason begins to draw distinctions and to
consider separately things that had been confused in the senses. Sight, for instance, confuses
color, size, shape, and body, and in its judgment all these things are taken as a single thing.
Awakened reason, however, distinguishes color from size and shape from body and then shape
and size from the substance of body, and so by drawing distinctions and abstracting, it arrives
at a grasp of the substance of body, which supports size, shape, and color. (In Post. an. I.14,
p. 214)

Grosseteste seems to describe here only the initial grasp of what it is to be a body in
general, a genus far removed from a grasp of the essence of some particular kind of
body. Still, this provides a model for the larger project, and I suspect the majority of
scholastics thought that, somehow, the project could be worked out, over time, at least
in principle.

It is hard to assess the merits of this sort of model, in part because it is so difficult in
general to know where perception proper ends and where inference begins. Opinions
on this topic have ranged so widely that there is not even agreement on whether non-
inferential perception can take us outside the mind at all. There was a pervasive worry,
however, that if our initial data are limited to information about accidents, then we will
never bridge the gap and arrive at information about substance. This suggested to some
that we have to build some kind of grasp of substance into what is empirically given.
Nicole Oresme, for instance, lecturing in the middle of the fourteenth century, mocked
the veiled-subject doctrine:

According to the vulgar opinion of the philosophers (or rather of the philosophizers), the
substance is somehow covered up and buried by accidents, so that the intellect first understands
accidents and then discursively, by conjecture, judges that the substance exists. The substance is
not sensed, but rather only the accidents under which it lies hidden. Indeed, according to them it
is no more sensed than is the mover of the heavens, which is also conjectured on the basis of
accidents. (In De an. I.4, p. 119)

Oresme sees something absurd in the common doctrine of a veiled subject—
that material substances could be all around us, and yet that their existence would be
a kind of refined philosophical hypothesis, requiring subtle metaphysical reasoning.

15 For Aquinas’s method of working from the sensible qualities inward, see Jenkins, “Aquinas on the Veracity”;
Pasnau, Thomas Aquinas, pp. 164–70; Reynolds, “Properties.” Kretzmann, “Infallibility,” reads Aquinas as treating our
grasp of essences as something that comes in stages, from an initially impoverished general grasp of what a thing is, up
to, at least in principle, something much more determinate. The most sophisticated incremental treatment I have found
is Buridan’s, particularly in In De an. I.6. For discussion, see Zupko, John Buridan pp. 103–13, 214–18.
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Rather than shore up the inference from accidents to substance, Oresme wants to show
that our grasp of substance is non-inferential: that in seeing the color of the horse, we
see the horse itself. His strategy is similar to that of a strict corpuscularian like Hobbes,
in its intent to undermine the substance–accident distinction. On Oresme’s account,
accidents do not have their own proper existence or nature, and so they depend on
substance in such a way that “in cognizing an accident one cognizes the substance.” To
grasp just a single accident is to have a confused and accidental concept of substance,
but as one begins to put together various accidental features of the substance, one can
have a progressively more clear understanding of what a substance is, all the way to an
ultimate grasp of its essence.16

Whether this strategy has a chance of success depends on how we understand
accidents—a topic that still lies before us. Oresme is here following a thirteenth-century
tradition of denying that accidents (ordinarily) have any proper existence of their own
(}10.2). Siger of Brabant, one of the leading advocates of that conception of accidents,
had made very much the same suggestion as Oresme, contending that to apprehend an
accident just is to apprehend something about its subject. As we will see, such ways of
conceiving of accidents—what I will call deflationary accounts—fall out of favor in the
fourteenth century, in favor of the doctrine of real accidents, a view advanced most
prominently by Scotus (Chs. 10–11). It is a curious fact that both parties to this dispute
maintain that their approach is the key to preserving our knowledge of substance. For
Scotus, it is only when accidents are treated as beings just like substances (beings in a
univocal sense) that one can make an inference from accident to substance. In contrast,
the deflationary camp holds that it is precisely because accidents are not beings in the
way that substances are that one can know substances by knowing accidents. Thus John
Wyclif, the most prominent critic of the growing later-scholastic consensus in favor of
real accidents (}11.1), argues that when accidents are given their own, separable being,
there is no way of going from knowledge of accidents to knowledge of the underlying
substance: indeed, “no sense or intellect establishes that there is any sort of material
substance, since it appears compossible and consistent with every sensory awareness or
experience that the whole created universe is a cluster (globus) of accidents” (De

16 The details of Oresme’s story of how we get from accidents to substance go as follows: “Et ideo ista via [vulgaris]
est longe ab opinione Aristotelis, quae fuit quod accidens non est separabile a substantia non solum secundum
existentiam, ut glossant, sed etiam secundum quidditatem, quia non habet esse proprie: unde imaginabatur quod,
sicut impossibile est esse figuram sine figurato, ita de quolibet alio accidente, et hoc est verum nisi per miraculum. Et
tunc secundum ipsum esset conclusio prima quod ad cuiuslibet accidentis cognitionem necessario concomitatur cognitio
substantiae. . . . Et ideo vult Aristoteles quod conceptus accidentis non est absolutus, nec in concreto nec in abstracto, sed
includit conceptum substantiae in abstracto: unde sequitur: albedo est, igitur alicuius albedo est; et sic cognoscendo accidens
cognoscitur substantia, conceptu tamen confuso et accidentali. . . . Tunc secunda conclusio est quod ex aliquibus
accidentibus communibus cognoscitur substantia determinate et etiam quidditative . . . ” (In De an. I.4, p. 119). See also
Oresme, In Phys. I.9: “[substantia] cognoscitur per hunc modum quia videmus accidentia et scimus per inductionem
quod omne accidens est in subiecto, ex quo substantiatur hoc complexum subiectum est, quod [subiectum] vocatur
substantia.”

For a conclusion similar to Oresme’s, see Peter of Ailly, Tract. de an. 12.5, p. 80: “Haec autem opinio non videtur
omnino dicere verum, scilicet quantum ad hoc, quod dicit sensum et phantasiam non apprehendere substantiam, cum
ipsemet Aristoteles dicat substantiam sensibilem per accidens, immo videtur quod sensus percipit substantiam cum
accidente confuse potius quam accidens per se et distincte, ut supra dictum est. Unde potest concludi quod, cum sensus
apprehendat confuse simul substantiam et accidens, intellectus potest abstrahere ex illa confusione conceptum proprium
substantiae et alium proprium et distinctum accidentis, et per hunc modum notitia accidentium facit ad notitiam
substantiarum.” Ailly here agrees with Oresme that the senses perceive substance. But it is not clear how Ailly can get
this result, since he does not take Oresme’s dramatic step of questioning the substance–accident distinction.
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eucharistia ch. 3, p. 78). Wyclif’s views, however, were condemned. Also condemned
were views, like those of Autrecourt and John of Mirecourt, that denied the reality of
accidents altogether (}}19.3–4). Hence the mainstream of later scholastic thought
maintained a sharp divide between two kinds of entities, substances and accidents.
On such a picture it is very natural, if not inevitable, to treat the substance itself as an
obscure metaphysical postulate.17

Although the reality of accidents could not be denied for the majority of our period,
the substance–accident distinction could be blurred. The principal strategy in this
regard, among later scholastics, was the doctrine of modes, which postulated a kind
of entity midway between substance and accident. This is how both Oresme andWyclif
understand accidents (}13.2), and the idea of course becomes central to seventeenth-
century thought, once real accidents are dispensed with entirely (}13.4). It is not clear,
however, whether the theory of modes offers a route to the knowledge of substance.
Gassendi, as quoted at the start of this chapter, maintains that what we conceive of or
notice in bodies is not the substance itself, but the modes (or qualities) of that substance,
leaving our knowledge of the substance itself obscure. Descartes too, as we will see in
the following chapter, fully accepts the view that substance is veiled by modes. These
are issues that can only be touched on here, however, pending a fuller evaluation of
what accidents and modes are.

7.5. Lifting the Veil II: Cremonini

Aside from reconceiving the nature of accidents, is there any way around the veiled-
subject doctrine? As one final attempt at this, we might look at Cesare Cremonini, the
last of the great Paduan scholastics. Doomed to be remembered for his legendary
refusal to look through his friend Galileo’s telescope, Cremonini was nevertheless a
philosopher of some interest.18 In his treatise on the elemental forms (1605), he
describes the common view—the one “everyone agrees on”—regarding the nature of
the four basic elements (Earth, Air, Fire, Water). On this view, the sensible qualities
associated with these elements (Hot, Cold, Wet, Dry) are merely accidents, and
the substantial forms of the elements are something prior, unknown, and even un-
named. This is just a special case of the veiled-subject doctrine, at the elemental level,
and Cremonini is quite right to treat it as the consensus view.19 He is persuaded,

17 Wyclif’s discussion of these issues is quite remarkable and deserving of further attention. He argues, among other
things, that postulating real accidents as the objects of perception would make untenable the cognition of brute animals.
For they, he thinks, surely do grasp substances themselves, in virtue of perceiving sensible qualities, and yet surely do not
do so by making some kind of inference from the qualities to the underlying substance (De actibus animae II.4, p. 127).
Siger of Brabant also makes explicit how a proper understanding of what accidents are yields a path to the substance

itself: “Qui intelligit aliquid in habitudine ad aliud, de necessitate intelligit terminum habitudinis. . . . Sed qui intelligit
accidens, et praecipue per modum accidentis, ut convenit in nomine denominativo, intelligit aliquid cuius intellectus et
ratio non est nisi in habitudine ad substantiam. Ergo intelligens accidens, et praecipue per modum accidentis, de
necessitate intelligit subiectum istud” (In Meta. [Cambr.] V.23; ed. Maurer, p. 238).
On the implications of varying theories of accidents for our knowledge of substance, see also Amerini, “Utrum

inhaerentia” pp. 128–9.
18 For information on Cremonini, see Schmitt, “Cesare Cremonini”; Kuhn, Venetischer Aristotelismus; Riondato and

Poppi, Cesare Cremonini.
19 On the usual distinction between the elemental qualities and the substantial forms of the elements, see e.g., Albert

the Great, In De gen. et cor. II.2.7; Aquinas, In De gen. et cor. I.8 n. 62; Giles of Rome, In De gen. et cor. II, f. 250va; Coimbra,
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however, that this view is a mistake, and he devotes this 175-page treatise to showing
that various aspects of the scholastic theory of elements can be maintained, and put on
a less obscure, more parsimonious footing, if we identify the natures of the elements
with their four manifest qualities, and deny that those qualities are accidents. This is,
to be sure, still very far from anything that might count as corpuscularianism, because
Cremonini is still crucially appealing to accidental forms in the category of Quality.
Still, it is a giant step toward rendering the scholastic theory of the elements more
intelligible, by rejecting, at least in this fundamental case, the veil of qualities.
Cremonini’s proposal might seem too narrow and technical to be of general interest.

In fact, however, the account has potentially radical implications for scholastic theory in
general. The elements are the building blocks of all material substances, such that every
sublunary body is composed from a mixture of these four elements (}21.2). So long as
the nature of these elements is out of reach, it is hard to see how we stand any chance of
grasping the natures of more complex, mixed bodies. If it turns out, however, as
Cremonini argues, that the nature of the four elements lies right in front of us—if
there is nothing more to their substantial forms than Hot, Cold, Wet, and Dry—then it
suddenly becomes at least thinkable that we might be able to account for the nature of
mixed bodies in terms of mixtures of these basic qualities. Indeed, this is what the first
generation of post-scholastic thought often looked like. Authors such as Gerard and
Arnold Boate, Jean Chrysostome Magnen, and Joachim Jungius introduced a corpus-
cularian theory that had not yet shed the elemental qualities, and so attempted to
account for natural phenomena in terms of various mixtures of corpuscles endowed
with various qualities (}19.6, }21.4). Cremonini does not go this far: he rejects neither
substantial form nor metaphysical prime matter, and he does not explicitly extend his
conclusions about elemental forms to the case of mixed bodies. There are hints,
however, as to the wider repercussions his views might have. He considers, for
instance, the objection that on his account material substances become sensible per
se, inasmuch as what we sense per se—qualities such as hot and cold—are in fact the
nature of the elements. In replying, Cremonini hedges somewhat, pointing out that we
do not perceive these qualities as elemental natures, but simply as qualities. Still, in the
end, Cremonini concedes that the doctrine of the veiled subject is simply false: we do
perceive material substances, directly and per se.20 Elsewhere, he considers the objection
that we never come to grasp the ultimate differentiae that locate substances within their
proper species. He replies that “there is no reasonable doubt that these ultimate

In Gen. et cor. II.3.1. For an overview of scholastic theories of the elements, see Maier, An der Grenze, pp. 3–22 (tr. Sargent
pp. 124–42), and Wood and Weisberg, “Interpreting Aristotle on Mixture.” With regard to the agreement among Latin
authors, Cremonini writes: “Conveniunt igitur omnes quod hae qualitates sint accidentia; formas substantiales dicunt
antecedere has qualitates, et esse innominatas” (De formis elementorum I.6, p. 41).

In addition to the question of whether the elemental qualities are the essence of the elements, there were questions
regarding our grasp of the elemental qualities themselves. It was a commonplace, for instance, that the familiar terms
‘Hot,’ ‘Cold,’ etc. should not lead us to suppose that we understand exactly what these qualities are, since the pure
elemental qualities are not the same as the mixed qualities we encounter in nature. See, e.g., Averroes, Comm. medium de
gen. et cor. pp. 71–2, and the extensive discussion of such issues in Zabarella, De rebus nat., De qual. element. I.

20 The objection Cremonini considers is this: “substantia non est per se sensibilis; istae qualitates sunt per se
sensibiles; ergo non sunt substantiae” (De formis elementorum III.12, p. 160). To this he tries the reply: “ . . . non sentitur
illa caliditas quatenus substantia, sed sentitur solum ut qualitas” (ibid., p. 162). Eventually, though, he hugs the monster,
concluding the chapter with the remark that “substantia materialis debet esse per se sensibilis” (ibid., p. 166).
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differentiae are sometimes unknown and unnamed. But this is not perpetually the case,
and with respect to the elements it is in no way the case” (De formis elementorum II.8, p.
83). So Cremonini flatly denies that essences are shrouded at the elemental level. And
he goes one step further and denies in general that there is some sort of “perpetual”—
that is to say in principle—obstacle to grasping the natures of material substances. These
are not moves away from scholasticism in the usual sense, but they are moves away
from one of the most restrictive features of the scholastic framework. Cremonini is thus
an early landmark in the seventeenth-century’s drive toward putting philosophy on a
more intelligible footing.
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TRANSLATION AND TRANSMISSION
OF GREEK AND ISLAMIC SCIENCE

TO LATIN CHRISTENDOM

Charles Burnett

The translation of scientific texts from Greek and Arabic in the twelfth and
thirteenth centuries is both a symptom and a cause of one of the greatest shifts
in Western science, comparable in importance with the parallel importation
of scientific works into Arabic in Baghdad in the ninth century and the
Scientific Revolution in seventeenth-century Europe. Details concerning
the translators and the texts translated can be found elsewhere;! the purpose
of this chapter is to describe the translation movement in general and to
point out its salient features for the history of science.

THE COURSE OF THE TRANSLATIONS

In the late tenth century, an interest in mathematical learning in the circles
of Abbo of Fleury and Gerbert d’Aurillac resulted in the discovery and devel-
opment of some Arabic techniques concerning the astrolabe and astrology
and the use of Arabic numerals on the counters of the abacus.# Not until

! For translations from Arabic, see Moritz Steinschneider, Die hebräischen Übersetzungen des Mittelalters
(Berlin: Kommissionsverlag des Bibliographischen Bureaus, !$%&); and Moritz Steinschneider, Die
europäischen Übersetzungen aus dem Arabischen (Sitzungsberichte der Kaiserlichen Akademie der
Wissenschaften in Wien, philosophisch-historische Klasse, !"%, no. " [!%'"] and !(!, no. ! [!%'(],
Vienna: In Kommission bei Carl Gerold’s Sohn). There is no comparable comprehensive list of
translations from Greek, except in regard to philosophical texts, for which see Robert Plasnau, The
Cambridge History of Medieval Philosophy, # vols. (Cambridge: Cambridge University Press, #''%),
vol. #, pp. )%&–$!". Some other authors are included in the ongoing series Catalogus translationum et
commentariorum (Union académique internationale, !%*'–). Both traditions are discussed in Charles
Homer Haskins, Studies in the History of Mediaeval Science, #nd ed. (Cambridge, Mass.: Harvard
University Press, !%#)). See also Geneviève Contamine, ed., Traduction et traducteurs au Moyen Âge
(Paris: Éditions du CNRS, !%$%); and Jacqueline Hamesse and Marta Fattori, eds., Rencontres de
cultures dans la philosophie médiévale: traductions et traducteurs de l’Antiquité tardive au XIVe siècle
(Louvain-la-Neuve: Université Catholique de Louvain, !%%').

# André Van de Vyver, “Les plus anciennes traductions latines médiévales (Xe–XIe s.) de traités
d’astronomie et d’astrologie,” Osiris, ! (!%&*), *($–$%; Paul Kunitzsch, “Les relations scientifiques
entre l’Occident et le monde arabe à l’époque de Gerbert,” in Gerbert l’européen, ed. Nicole Char-
bonnel and Jean-Eric Iung (Aurillac: La Haute-Auvergne, !%%)), pp. !%&–#'&; and David Juste,
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the last years of the next century, however, can one say that a translation
“movement” was inaugurated. It was then that the translations of Greek and
Arabic medical works began in Salerno, where there was a thriving med-
ical school. The archbishop, Alfano, translated Nemesius’s On the Nature
of Man under the title Premnon phisicon, and five short essential texts on
medicine, later called the Articella, were put together from Greek and Ara-
bic sources. Constantine the African (d. before !'%$/!'%%) brought from
Qairawān in Tunisia an Arabic medical corpus, which he proceeded to trans-
late in Salerno and then in the Benedictine monastery of Monte Cassino.
The principal text of this corpus was a comprehensive medical manual, the
Pantegni (“The Complete Book of the Medical Art”) of !Al̄ı ibn al-!Abbās
al-Majūs̄ı (in Latin “Haly Abbas”).& Constantine did not finish translating
this large work of twenty books and substituted sections from other texts;
the translation was continued by his pupils in the early twelfth century. In
!!#), Stephen the Philosopher produced a more accurate translation of the
whole text, but Constantine’s version remained the more popular. An interest
in medicine and in natural philosophy as its concomitant appears to have
centered on Stephen’s hometown, Pisa, which had a quarter in Antioch."

Pisa also had a quarter in Constantinople, where James of Venice (attested
in !!&*) translated several texts of Aristotle’s libri naturales from Greek, and
Burgundio of Pisa (!!!'–!!%&), a Pisan notary, translated some major texts
of Galen and Aristotle’s On Generation and Corruption.( Other texts of the
libri naturales were translated by Henricus Aristippus in Sicily and three
anonymous (but probably Italian) translators.

From the beginning of the twelfth century, we find an advance in the
interest in mathematics (and especially astronomy) that had been initiated
by Abbo and Gerbert. This advance may have been due to Petrus Alfonsi,
who, having converted from Judaism to Christianity in Huesca in Aragon
in !!'*, brought some astronomical tables and other texts to France and
England. These were put into Latin by Walcher, abbot of Great Malvern (d.
!!&(), and Adelard of Bath (fl. !!'*–"%).* After Petrus, a group of scholars was

Les Alchandreana primitifs: Étude sur les plus anciens traités astrologiques latins d’origine arabe (X e

siècle) (Leiden: Brill, #'')).
& Charles Burnett and Danielle Jacquart, eds., Constantine the African and !Al̄ı ibn al-!Abbās al-Maǧūsı̄:

The Pantegni and Related Texts (Leiden: Brill, !%%").
" See Charles Burnett, “Antioch as a Link between Arabic and Latin Culture in the Twelfth and

Thirteenth Centuries,” in Occident et Proche-Orient: contacts scientifiques au temps des croisades (Actes
du colloque de Louvain-la-Neuve, 24 et 25 mars 1997), ed. Isabelle Draelants, Anne Tihon, and
Baudouin van den Abeele (Turnhout: Brepols, #'''), pp. !–)$, reprinted with corrections in Charles
Burnett, Arabic into Latin in the Middle Ages (Farnham: Ashgate Variorum, #''%), article IV.

( On James of Venice, see Lorenzo Minio-Paluello, “Iacobus Veneticus Grecus: Canonist and Trans-
lator of Aristotle,” in Opuscula, ed. L. Minio-Paluello (Amsterdam: Adolf M. Hakkert, !%)#). On
Burgundio, see Gudrun Vuillemin-Diem and Marwan Rashed, “Burgundio de Pise et ses manuscrits
grecs d’Aristote: Laur. $).). et Laur. $!.!$,” Recherches de théologie et philosophie médiévales, *" (!%%)),
!&*–%$.

* Charles Burnett, “The Works of Petrus Alfonsi: Questions of Authenticity,” Medium Ævum, **
(!%%)), "#–)%.
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working in the valley of the Ebro and Languedoc; these included Hermann
of Carinthia (fl. !!&$–"&), Hermann’s colleague Robert of Ketton (fl. !!"!–
(*) and pupil Rudolph of Bruges (fl. !!""), Raymond of Marseilles (fl. !!"!),
and Hugo of Santalla (fl. !!"(), who devoted themselves to the science of the
stars, both translating from Arabic and writing original works. Collaborating
with them was the Jewish polymath Abraham ibn Ezra (!'%#–!!*)), who
provides a link with the Pisan translators since we know that he was in
the neighborhood of Pisa in the !!"'s and contributed toward adapting the
astronomical tables of !Abd-al-Rah. mān ibn !Umar al-S. ūf̄ı (d. %$*) for the
meridian of that city.)

In the middle of the twelfth century, Toledo became the center for the
translation of scientific works, and the separate streams of mathematical,
medical, and philosophical translations were united there. Here an archdea-
con, Dominicus Gundissalinus (fl. !!*!–$!), and a “so-called master” (dic-
tus magister), Gerard of Cremona (!!!"–!!$)), superintended a systematic
translation of Arabic works on mathematics, medicine, and the philos-
ophy of Aristotle and the Arabic Peripatetic tradition. Gundissalinus, a
Christian theologian, was particularly interested in psychology and cos-
mology; he was thus responsible for the translation of works on these sub-
jects by Avicenna (Ibn Sı̄nā, ca. %$'–!'&)), Algazel (al-Ghazāl̄ı, !'($–!!!!)
and Avicebron (Ibn Gabirol, ca. !'#!–!'*(). Gerard attended to texts on
the other subjects, including perhaps earlier translations made by John of
Seville.$

Although inspired, perhaps, by the near-contemporary translations of
Aristotle made from Greek by his colleagues in Italy and Constantinople,
Gerard could have found the plan for his translations in The Classification
of the Sciences by Alfarabi (al-Fārābı̄, ca. $)'–%('), which he translated. In
the sections on logic and natural science, Alfarabi describes their parts and
summarizes the relevant text of Aristotle for each part. Gerard translated
the last of Aristotle’s logical texts (The Posterior Analytics; the other logical
texts had already been translated) and embarked on the texts on natural
science. This Aristotelian program, which included commentaries, was con-
tinued in Toledo by Alfred of Shareshill (late twelfth century) and Michael
Scot (left Toledo after !#!), died before !#&*), and culminated in the trans-
lations of the Large Commentaries of Averroes (Ibn Rushd, !!#*–!!%$) on
Aristotle’s libri naturales by Michael and by Theodore of Antioch, and of
Averroes’s Middle Commentaries on the logical texts by William of Luna in

) Charles Burnett, “A Group of Arabic–Latin Translators Working in Northern Spain in the Mid-
twelfth Century,” Journal of the Royal Asiatic Society, !'% (!%))), *#–!'$; Charles Burnett, The
Introduction of Arabic Learning into England (London: The British Library, !%%)), pp. ")–($.

$ Charles Burnett, “The Coherence of the Arabic–Latin Translation Programme in Toledo in the
Twelfth Century,” Science in Context, !" (#''!), #"%–$$ at p. #*%, reprinted with corrections in
Charles Burnett, Arabic into Latin in the Middle Ages (Farnham: Ashgate Variorum, #''%), article
VII.
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Naples around !#*' and Hermann the German in Toledo between !#"' and
!#(*.%

The thirteenth century is marked by a high level of intellectual activity
and an exchange of intellectual goods between scholars writing in Arabic,
Hebrew, Greek, and Latin – the full extent and complexity of which is only
now being realized.!' Two powerful secular patrons stand out. The first is
Emperor Frederick II Hohenstaufen (d. !#('), whose power base was in Sicily
and southern Italy and who attracted Michael Scot, Theodore of Antioch,
John of Palermo, and the Jewish scholar Jacob Anatoli to his entourage.
Here, and in Naples, where he had founded a university in !##", these five
scholars translated under his patronage works of Averroes and Avicenna and,
in all probability, the great Jewish work on scholastic theology, Maimonides’
Guide for the Perplexed (originally written in Arabic).!! Frederick II’s initiative
was continued by his son Manfred (r. !#($–**), who employed the translator
Bartholomew of Messina.

The second leading patron was Alfonso X, king of Castile and León
(r. !#(*–$"), under whose patronage Jewish scholars translated a wide range
of Arabic works on astronomy, astrology, and magic into Castilian, and Italian
notaries translated some of these into Latin. The philosophical translations
sponsored by Frederick were soon assimilated into the European universities,
and the astronomical tables prepared at Alfonso’s court were the basis for
the standard tables used in Europe for the rest of the Middle Ages (the
“Alphonsine Tables”; see North, Chapter !%, this volume).!#

The end of the thirteenth century and beginning of the fourteenth
witnessed the translation of great summae on philosophy, astrology, and
medicine, such as Averroes’s Destruction of the Destruction of the Philosophers,
Abenragel’s Judgments of the Stars, and al-Rāzı̄’s Continens. By the early four-
teenth century, the major works on mathematics, medicine, and philosophy
had been translated; no new translations of great importance from Arabic
appeared until the Renaissance, when, in addition to the desire to revise
or replace translations made in the Middle Ages because of the perceived
“barbarity” of their Latin style, an interest in Arabic poetry emerged for the
first time.!&

The supremacy of Toledo as a scientific center from the mid-twelfth to the
mid-thirteenth century ensured the ascendancy of translations from Arabic

% Ramon Gonzálvez Ruiz, Hombres y libros de Toledo (Madrid: Fundación Ramón Areces, !%%)),
pp. ($*–*'#. For a similar continuation in the translation of Avicenna’s Shifā", see Marie-Thérèse
d’Alverny, “Notes sur les traductions médiévales d’Avicenne,” Archives d"histoire doctrinale et
littéraire du moyen âge, !% (!%(#), &&)–($.

!' See articles in Micrologus, # (!%%"), entitled Sciences at the Court of Frederick II.
!! For the possibility that the translator was John of Palermo, see Gad Freudenthal, “Pour le dossier

de la traduction latine médiévale du Guide des Égarés,” Revue des Études Juives, !") (!%$$), !*)–)#.
!# Julio Samsó, Islamic Astronomy and Medieval Spain (Aldershot: Variorum, !%%").
!& Harry A. Wolfson, “The Twice-Revealed Averroes,” Speculum, &* (!%*!), &)&–%#; and Johann Fück,

Die arabischen Studien in Europa bis in den Anfang des 20. Jahrhunderts (Leipzig: Harrassowitz, !%(().
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over those from Greek. After the mid-thirteenth century, there was a shift
back to translating directly from Greek. This interest in Greek is marked in
the studies of Roger Bacon (ca. !##'–ca. !#%#) and Robert Grosseteste (ca.
!!)(–!#(&). With respect to Aristotle’s libri naturales, it led to the replacement
of earlier Arabic–Latin translations by new translations from Greek, the
correction of earlier Greek translations, and the completion of the corpus,
first by Grosseteste and then, most comprehensively, by William of Moerbeke
(ca. !#!(–!#$*). Similarly, Nicholas of Reggio (ca. !#$'–ca. !&('), the personal
physician of Robert I in Naples, replaced and supplemented the earlier
Arabic–Latin translations of Galen by translating over fifty of his works from
the original Greek.

Jews played an important role both in circulating and in translating scien-
tific works in Christendom. But in many ways their contribution to Christian
learning was a by-product of the high level of their own scientific culture,
which merits more space than is given to it here (see Langermann, Chapter
*, this volume). The language of this culture was at first Arabic; however,
through the efforts of Abraham bar H. iyya (ca. !'*(–ca. !!&*) and Abraham
ibn Ezra in the second quarter of the twelfth century, Hebrew scientific
prose was established, and over the next two centuries a massive collection of
Arabic texts in philosophy, mathematics, and medicine was translated into
Hebrew.!" It was, then, to the Jews that Latin-reading scholars turned in the
Renaissance for new knowledge of texts by Avicenna, Averroes, and other
Arabic authorities, and Jewish scholars turned these from Hebrew into Latin.

GOALS

The most obvious results of the translation of scientific texts can be seen
in the curriculum of the medieval schools and universities. One should not
underestimate the volume of writings that were translated but disappeared
from view simply because they were not taken up into these curricula, or the
translations of nonuniversity subjects, like alchemy, some parts of astrology,
various technological sciences, and Hermetic literature, whose diffusion is
difficult to trace.!( Nevertheless, partly because of the clearer nature of the
evidence, this chapter concentrates on works relevant to the official scientific
learning of the time.

The motivation for the translations was the perceived lacunae in Latin
scientific education, as Burgundio of Pisa and the biographers of Gerard of

!" Mauro Zonta, La filosofia antica nel medioevo ebraico (Brescia: Paideia, !%%*); and Gad Freudenthal,
“Les sciences dans les communautés juives médiévales de Provence: leur appropriation, leur rôle,”
Revue des études juives, !(# (!%%&), #$–!&*.

!( Charles Burnett, Magic and Divination (Aldershot: Variorum, !%%*). For alchemical texts, see Robert
Halleux, “The Reception of Arabic Alchemy in the West,” in Encyclopedia of the History of Arabic
Science, ed. Roshdi Rashed, & vols. (London: Routledge, !%%*), vol. &, pp. $$*–%'#.
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Cremona both state.!* There were three principal areas in which the Latins
were felt to be particularly lacking. The first was mathematics, especially
geometry and astronomy. These were two of the seven liberal arts, which
had formed the framework for the rhetorically based Latin education since
late antiquity and had been revived first by Gerbert d’Aurillac at the turn
of the millennium and then more generally in the twelfth century. The
five other liberal arts were well represented, mostly thanks to the transla-
tions of Boethius (d. (#%), who had sought to provide Latin readers with a
complete curriculum of Greek studies. But geometry and astronomy lacked
comprehensive textbooks.

For geometry, Boethius had only translated a small portion of Euclid’s
Elements. Stephen the Philosopher lamented the poor knowledge of geom-
etry among the Latins, and John of Salisbury reckoned that the only
place where the study flourished was in (Islamic) Spain.!) Thus, a pio-
neer in the twelfth-century translating movement, Adelard of Bath, devoted
a text to the description of the seven liberal arts (his On the Same and
the Different) but also made the first translation of the Elements from
Arabic.

For astronomy, no translation by Boethius has survived, but the Latins
were aware that the most important Greek text was the Almagest of Ptolemy.
It is specifically for this text that Gerard of Cremona is said to have gone
to Toledo, while the slightly earlier translator of the Almagest from Greek
had rushed to Sicily from Salerno because he heard that a copy of the
Almagest had just been brought there from Constantinople.!$ How the new
translations filled gaps in the traditional curriculum can be seen in the
important “Library of the Seven Liberal Arts” assembled by Thierry of
Chartres (d. !!(!) in the early !!"'s. This Heptateuchon included both Euclid’s
Elements and astronomical tables by the ninth-century Arabic mathematician
al-Khwārizmı̄.

The second lacuna was in physics (i.e., the investigation of the workings
of nature). In this case, we are dealing with a subject that was not one of
the rhetorically based seven liberal arts but had been part of the curricu-
lum in philosophy in ancient Alexandria and continued to be taught (with
interruptions and revivals) in Byzantium and (more continuously) in the
Islamic world. In the West, the interest in physics pre-dates the knowledge
of the texts of this curriculum and is based on “natural questions” and late
antique Latin works such as Calcidius’s translation of Plato’s Timaeus and

!* Peter Classen, Burgundio von Pisa (Sitzungsberichte der Heidelberger Akademie der Wissenschaften,
philosophisch-historische Klasse, Jahrgang !%)", ". Abhandlung) (Heidelberg: Carl Winter Uni-
versitätsverlag, !%)"), p. $". For Gerard, see Charles Burnett, “Coherence of the Arabic Latin
Translation Programme in Toledo in the Twelfth Century,” p. #)(.

!) Burnett, “Antioch as a Link between Arabic and Latin Culture in the Twelfth and Thirteenth
Centuries,” p. ($.

!$ Haskins, Studies in the History of Mediaeval Science, pp. !%!–&.
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Macrobius’s commentary on the Somnium Scipionis of Cicero.!% However,
during the course of the twelfth century, the fact that Aristotle, aside from
being an authority on logic, was also the authority on natural science became
known. Burgundio of Pisa acquired, or had copied for him, a collection of
the Greek texts of Aristotle’s libri naturales, and, on the testimony of John
of Salisbury, called Aristotle “the Philosopher” (an early instance of the shift
of this title away from Plato to Aristotle).#' Burgundio, James of Venice, and
William of Moerbeke were directly aware of the corpus of Aristotle’s natural
science from contemporary Greek scholars who were teaching and writing
commentaries on it, and Gerard of Cremona knew the same texts in Arabic
and as described by Alfarabi in the Catalogue of Sciences, which he translated.

The third area was medicine. On this subject, Galen was the master, and
the titles of the sixteen basic texts of his that formed the curriculum at
Alexandria were known. Constantine the African listed them in his preface
to the Pantegni and translated two of them from Arabic; several more were
translated by Burgundio of Pisa and Gerard of Cremona.#!

GREEK OR ARABIC?

If the goal of the translators was to restore the ancient learning of Euclid,
Ptolemy, Aristotle, and Galen, they had two sources: the centers of Greek
and Arabic learning. The Byzantine Greeks on the whole had preserved
the ancient texts without substantially altering them; there had been little
scientific development, and a twelfth-century commentary on a work by
Aristotle could easily be taken for a second-century commentary on the same
work. Among the Greeks, therefore, the Latins sought and could find their
copies of Ptolemy’s Almagest, Aristotle’s libri naturales, and Galen’s works, just
as Arabic scholars had done in the ninth century. For the Latins, manuscripts
that the Greeks could provide were more important than scholarly expertise.
For the most part, the interpretations of the ancient texts were ancient
themselves: those of Proclus and Themistius, Alexander of Aphrodisias, and
John Philoponus. It is significant that the sack of Constantinople by the
Latins in !#'", unlike that by the Turks in !"(&, did not result in a diaspora
of Greek scholars and a consequent resurgence of Greek humanism in the
West.

Among the Arabs, the Latins could and did find these same Greek works,
but they were also confronted with the results of a tradition of scholarship that

!% For knowledge of Aristotelian physics before the translations, see Thomas Ricklin, Die “Physica”
und der “Liber de causis” im 12. Jahrhundert (Freiburg im der Schweiz: Universitätsbibliothek, !%%().

#' John of Salisbury, Metalogicon, IV.).*–$, ed. John Barrie Hall and Katherine S. B. Keats-Rohan
(Corpus Christianorum Continuatio Mediaevalis, %$) (Turnhout: Brepols, !%%!), p. !"(.

#! Danielle Jacquart, “Les traductions médicales de Gérard de Crémone,” in Tolède, XII e–XIII e siècles,
ed. Louis Cardaillac (Paris: Autrement, !%%!), pp. !))–%!.
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not only had absorbed new elements from other cultures (particularly those
of India and Persia) but had also developed, refined, and changed the learning
of the ancients.## Thus, the astronomical models of Ptolemy had to contend
with those of Indian astronomers, and his measurements of the movements
of the planets were repeatedly corrected and often replaced ever since the
official “testing” sponsored by the caliph al-Ma"mūn in the early ninth
century. Aristotle’s libri naturales together with the ancient commentaries
on them were transmitted, but Alfarabi, Avempace (Ibn Bājja, late eleventh
century to ca. !!&%), and Averroes wrote new commentaries, and Avicenna
recast the whole of Aristotle’s philosophy.#& Perhaps even more radical was
the replacement of the original works of Galen by new texts on medicine,
each generation of Arabic doctors trying to improve on the work of their
predecessors.#"

Thus Latin scholars were confronted by a dilemma: whether to concentrate
on restoring the wisdom of the ancients or to introduce the “novelties”
promoted by the Arabic scholars with whom they came into contact. The
criticism of “newness” in respect to Arabic science is apparent in the words of
Adelard of Bath and Stephen the Philosopher, both of whom sought to justify
their Arabic studies.#( The suspicion that somehow the Arabs had corrupted
and defiled the ancient tradition lasted throughout the Middle Ages and
reached its culmination in the Renaissance,#* though the arguments between
those medievals who saw scientific knowledge as somehow static and only
requiring recovery and preservation and those who saw it as progressively
advancing cut across linguistic boundaries.#)

Arabic learning, then, differed from the Greek in that it resided in masters
as much as in books. Adelard and Stephen the Philosopher both referred to
their Arabic magistri, which they encountered in the principality of Antioch.
Other translators benefited from the diaspora of Jewish scholars who had
cultivated Arabic learning, especially after the expulsion of the Jews from
Islamic Spain by the Almohads in !!*' (in much the same way as Renaissance
Italian scholars benefited from the exile of Jewish scholars from Spain in
!"%!). In some cases, translators appeared to have used those scientific works

## For the Arabic transformation of early astrological literature, see David Pingree, From Astral Omens
to Astrology: From Babylon to Bı̄kāner (Rome: Istituto Italiano per l’Africa et l’Oriente, !%%)).

#& Dimitri Gutas, Avicenna and the Aristotelian Tradition (Leiden: Brill, !%%$).
#" Manfred Ullmann, Islamic Medicine (Edinburgh: Edinburgh University Press, !%)$).
#( See Adelard’s preface to his Questions on Natural Science, in Adelard of Bath, Conversations with

His Nephew, ed. Charles Burnett (Cambridge: Cambridge University Press, !%%$), pp. $#–&. For
Stephen, see Burnett, “Antioch as a Link between Arabic and Latin Culture in the Twelfth and
Thirteenth Centuries,” p. ").

#* See the debate in Marco degli Oddi’s preface to Aristotelis omnia quae extant opera . . . Averrois
Cordubensis in ea opera commentarii, ed. Bernardus Salviatus, !! vols. (Venice: Iuntas, !(('–!((#),
vol. !, fols. (r–*v.

#) Dag N. Hasse, “Aristotle versus progress: The decline of Avicenna’s ‘De anima’ as a model for
philosophical psychology in the Latin West,” in Was ist Philosophie im Mittelalter? ed. Jan Aertsen
and Andreas Speer (Miscellanea Mediaevalia, #*) (Berlin: W. de Gruyter, !%%$), pp. $)!–$'.
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promoted by their Arabic masters; examples include Constantine the African,
who transmitted the medical tradition of his masters in Qairawān, and
Gundissalinus, who translated works of Avicenna, Algazel, and Avicebron,
the favored authors of his collaborator, Avendauth (Abraham ibn Dāūd).
Gerard of Cremona, although translating several important works by Arabic
scholars (especially in the field of medicine), appears to have made a more
deliberate effort to recover the ancient texts from among the Arabs. But his
translating activity coincided with a reaction against “modern” developments
also on the part of a group of Arabic scholars in Córdoba, who tried to restore
a pure Aristotle both for natural science and astronomy.#$

But if scholars were searching for the ancient Greek texts, why did they
make the effort to search for them in Arabic at all? The tradition of schol-
arship in Arabic and the availability of texts (discussed further later in this
chapter) provide part of the answer. But there was also a sense that the
language was merely contingent – a clothing that could be changed – and
that, as long as translators had been faithful, the underlying “truth” would
be preserved. Nevertheless, sometimes a translator went out of his way to
give the impression that an Arabic–Latin translation had been made from
the Greek, such as the translator of Ptolemy’s Almagest in MS Dresden, Db
$), who gives the work its correct Greek title “megali xintaxis” but substi-
tutes other Greek terms that either do not match the Greek original or are
completely fabricated. At other times, translations of the same work from
Greek and Arabic would be compared, for example in the proemium to
a compendium on Euclid, Elements XIV–XV, in the pseudo-Grosseteste’s
Summa philosophiae, and, frequently, by Albert the Great.#%

SOURCES

For translations to be made, either the Latin scholar must go in search of
the texts or the texts must be sent or brought to the Latin center of learning.
A book may be among diplomatic exchanges, such as the copy of Ptolemy’s
Almagest brought from Constantinople to Palermo by Henricus Aristippus,
acting as ambassador for William I, king of Sicily, shortly before !!*'.&'

Petrus Alfonsi, when he traveled to Northern Europe after his baptism in
Huesca in !!'*, brought books with him.

#$ A. I. Sabra, “The Andalusian Revolt against Ptolemaic Astronomy,” in Transformation and Tradition
in the Sciences, ed. Everett Mendelsohn (Cambridge: Cambridge University Press, !%$"), pp. !&&–(&.

#% For Euclid, see John E. Murdoch, “Euclides Graeco-Latinus: A Hitherto Unknown Medieval Latin
Translation of the Elements Made Directly from the Greek,” Harvard Studies in Classical Philology,
)! (!%**), #"%–&'# at p. #$(; and Robert Grosseteste, Summa philosophiae, in Die philosophischen
Werke, ed. Ludwig Baur (Beiträge zur Geschichte der Philosophie und Theologie des Mittelalters,
%) (Münster: Aschendorff, !%!#), pp. #)(–*"&. For Albert the Great, see his De anima, ed. C. Stroick
(Münster: Aschendorff, !%*$), p. $, line *'ff., where he compares the “translatio Arabica” and the
“translatio Graeca.”

&' Haskins, Studies in the History of Mediaeval Science, pp. !*'–!.
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As for the masters of the sciences, scholars might be part of the booty
captured by pirates, as stated in one story concerning how Constantine the
African arrived in Salerno (MS London, British Library, Sloane #"#*, fols.
$r–v). Other scholars arrived in Latin centers as the result of persecution or
religious differences, such as the Arabic-speaking Christians (Mozarabs) who
left Islamic Toledo for the Christian North of Spain in considerable numbers
in the ninth century. After its reconquest, Toledo was the natural place of
refuge for the Jews and Mozarabs who were driven out of Islamic Spain in
the mid-twelfth century by the Almohad regime.&! The flourishing study of
the works of Averroes outside Islamic territory in the early thirteenth century
may have been partly caused by intolerance toward the philosophical sciences
among the later Almohad jurists.

But while enforced exile and the closing of doors brought about some con-
tacts, the opening up of the Mediterranean to the Latins through conquest
and trade brought more. It is no coincidence that the translation movement
took off soon after the reconquest of Toledo, which opened up the heart
of Islamic Spain (!'$(), the Norman conquest of Sicily with its Greek and
Arabic-speaking population (!')#–%!), and the fall of Antioch, which opened
up the Islamic and Greek cultures of the Eastern Mediterranean (!'%$). The
attempts at reunifying the Greek and Latin churches also brought East and
West closer together and resulted in scientific translations as well as theo-
logical writings. Political leaders exchanged scholars as well as books. For
example, the Ayyubid sultan al-Malik al-Sālih. (!#&#–%) sent Frederick II one
of the most distinguished Muslim scholars, Sirāj al-Dı̄n al-Urmawı̄ (d. !#$&),
to help him interpret Arabic logic.&#

More important over a longer period were the quarters set up by the
Pisans and Venetians in cities throughout the Mediterranean, which, aside
from their commercial function, offered opportunities for Latin scholars to
work in the midst of Arabs and Greeks. Pisan quarters were set up in Antioch
in !!'$ and Constantinople in !!!!. Whereas James of Venice is attested in the
Pisan quarter of Constantinople in !!&*, Leonard (Fibonacci) of Pisa acquired
his knowledge of Arabic mathematics in the Pisan depot of Bougie (Algeria).
Pilgrim routes also provided avenues along which intellectual goods could
travel, and it is perhaps not a coincidence that among the places where
translations are attested to have been made are Toulouse, León, Astorga, and
Ponte do Lima, all important stages on pilgrim routes to Santiago. Finally,

&! Bernard Septimus, Hispano-Jewish Culture in Transition: The Career and Controversies of Ramah
(Cambridge, Mass.: Harvard University Press, !%$#).

&# For Frederick II’s extensive communication with Islamic scholars, usually through political channels,
and the possibility that the sons of Averroes were actually at his court (as was reported already by
!#$)), see Charles Burnett, “The ‘Sons of Averroes with the Emperor Frederick’ and the Transmission
of the Philosophical Works by Ibn Rushd,” in Averroes and the Aristotelian Tradition: Sources,
Constitution and Reception of the Philosophy of Ibn Rushd (1126–1198) (Proceedings of the Fourth
Symposium Averroicum, Cologne, 1996), ed. Gerhard Endress and Jan Aertsen (Leiden: Brill, !%%%),
pp. #(%–%%.
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from the second quarter of the thirteenth century onward, the Franciscan
and Dominican houses founded in intellectual centers and important cities
throughout Europe and the Mediterranean provided opportunities for the
spread of texts. The Dominicans had a studium in Tunis from !#"' onward,
and it has been suggested that the Franciscans in Constantinople could have
been one source for Grosseteste’s Greek manuscripts.&&

In the case of mathematical translations made from Arabic into Latin,
a significant role may have been played by a single royal library, that of
the Banū Hūd in Saragossa. Yūsuf al-Mu"taman ibn Hūd, king from !'$!
to !'$(, had written a comprehensive book on geometry, al-Istikmāl, which
exploited a large collection of Greek and Arabic works on the subject. In !!!',
the Banū Hūd were driven out of Saragossa by the Almoravids and settled
in the fortress of Rueda de Jalón in Aragon. But they took their library
with them, for Hugo of Santalla specifically says (in a rare example of the
mention of a source) that his patron, Bishop Michael of Tarazona, acquired
the Arabic manuscript of a work on astronomical tables in this library (“in
Rotensi armario”).&" In !!"', the last of the Banū Hūd, Abū Ja!far Ah. mad
III Sayf al-Dawla (d. !!"*), exchanged his property in Rueda de Jalón for a
house in the cathedral quarter in Toledo.&( It may be no accident that only
after this move are Greek and Arabic mathematical works translated from
Arabic in Toledo.

PATRONS

Translation was a time-consuming and expensive enterprise, and needed
sponsorship. The copying of The Complete Book of the Medical Art (Regalis
dispositio) of Haly Abbas occupied three scribes (including the translator
himself ) for a period of nearly one year.&* Vincent of Beauvais mentions
specifically Aristotle’s De animalibus (translated by Michael Scot) and the
Canon of Avicenna (translated by Gerard of Cremona) as examples of large
works that would cost a great deal of money to buy or have copied.&)

What drove and financed the translating movement? Often it is unclear
whether a dedication is an appeal for sponsorship or implies that such

&& A. Carlotta Dionisotti, “On the Greek Studies of Robert Grosseteste,” in The Uses of Greek and
Latin, ed. A. Carlotta Dionisotti, Anthony Grafton, and Jill Kraye (London: Warburg Institute,
!%$$), pp. !%–"'.

&" Haskins, Studies in the History of Mediaeval Science, p. )&.
&( “Hūdids,” in Encyclopedia of Islam, #nd ed., !# vols. plus Index vol. (Leiden: Brill, !%*'–#''%),

vol. &, p. ("&; and Angel González Palencia, Los mozarabes de Toledo en los siglos xii y xiii, " vols.
(Madrid: Instituto de Valencia de Don Juan, !%#*–!%&'), vol. !, pp. !(!–&.

&* This is the inference from the dates of writing added at the end of the various books of Stephen the
Philosopher’s translation; see Burnett, “Antioch as a Link between Arabic and Latin Culture in the
Twelfth and Thirteenth Centuries,” pp. *)–%.

&) Vincent of Beauvais, Speculum naturale, Prologus, chap. ", in Speculum maius, " vols. (Douai:
Balthazar Beller, !*#"), vol. !, col. ".
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sponsorship already exists. But we do have some clear examples of translators
looking for audiences or employment.&$ Hermann of Carinthia and his col-
league Robert of Ketton each appealed to leading intellectual figures of the
day in France: Hermann to Thierry of Chartres, the compiler of the Hep-
tateuchon, and Robert to Saint Bernard of Clairvaux, to whom he promised
a comprehensive book on the science of the stars. The most blatant appeal
for employment was that of Petrus Alfonsi. Newly converted to Christianity
and leaving his native Aragon, he promised to the “Peripatetics of France”
lectures on astronomy that would “rouse to life the knowledge of this art
which has disappeared among the Latins.” Avendauth, similarly displaced,
tried to win support (presumably from the archbishop of Toledo) for his
project of translating Avicenna’s Shifā". Some texts may have played a role as
prestige objects that enhanced the possessor’s reputation or symbolized his
power in a way similar to the astrolabes and celestial and terrestrial spheres
dedicated to royal patrons. This is implicit in the wordplay in Robert’s dedi-
cation to St. Bernard – “I promise to your celestial highness, who penetrates
every heaven, a celestial gift that embraces in itself the whole of science”&% –
and may apply especially to astronomical tables drawn up for the meridian
of the king’s capital or archbishop’s seat.

On the other hand, we have examples of patrons commissioning trans-
lations. Bartholomew of Messina prefaced his translations with the remark
that they were done “on the command of King Manfred.”"' Peter the Ven-
erable paid Hermann and Robert to translate the Qur"ān and other Islamic
texts, and economic support is also suggested in Avendauth’s dedication of
his translation of the De anima to the archbishop of Toledo, completed
“by your support” (“tuo munere”), and in the colophon to Jacob Anatoli’s
dedication to Frederick II of the Hebrew translations of Averroes’s Middle
Commentaries on Aristotle’s logical texts (he will “complete the art [of logic]
with the help of Him who aids all men, and who put it into the mind of our
Lord, the Emperor Frederick, who loves knowledge and those who study it,
to nourish me”)."! Some translators clearly worked to satisfy the scientific
interests of their patrons. Good examples are Michael Scot and Theodore
of Antioch, who translated works on zoology and falconry for Frederick II,
whose interest in every aspect of birds of prey was notorious.

But higher ideals, in particular the benefiting of universities, must have
motivated some of the patronage. The translations of Averroes’s Middle
Commentaries on Aristotle’s Organon and his Large Commentaries on Aris-
totle’s Libri naturales must be seen in the context of Frederick II’s foundation

&$ Charles Burnett, “Advertising the New Science of the Stars circa !!#'–(',” in Le XII e siècle, ed.
Françoise Gasparri (Paris: Le Léopard d’Or, !%%"), pp. !")–().

&% J.-P. Migne, ed., Patrologia Latina, ##! vols. (Paris: J.-P. Migne, !$""–!$*"), vol. !$%, col. **'.
"' Gudrun Vuillemin-Diem, “La Liste des oeuvres d’Hippocrate dans le Vindobonensis Phil. Gr. !'',”

in Guillaume de Moerbeke: Recueil d’études à l’occasion du 700e anniversaire de sa mort (1286), ed.
Josef Brams and Willy Vanhamel (Leuven: Leuven University Press, !%$%), p. !*'.

"! Zonta, La filosofia antica nel medioevo ebraico, p. )".
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of the new university in Naples in !##". A well-known letter advertising the
new translations of “Aristotle and other philosophers from Greek and Arabic
in the field of the whole trivium and quadrivium” was either sent by Freder-
ick II to the masters and students of Bologna, or more likely, addressed to the
masters and students of Paris by the emperor’s son Manfred, who had him-
self commissioned translations of several works that were falsely attributed
to Aristotle."# Gonzalo Pérez, known as Gudiel, who ended up as archbishop
of Toledo (!#$'), commissioned and collected translations of Aristotle’s libri
naturales, Averroes’s commentaries, and parts of Avicenna’s philosophical
encyclopedia, and, in !#%&, founded the University of Alcalà de Henares."&

The universities themselves commissioned some translations. An example
of this is given by the note in one manuscript of the translation of Aver-
roes’s preface to his Large Commentary on the Physics, which asserts that
“Theodore of Antioch had translated [this work] on the request of the stu-
dents of Padua” (MS Erfurt, Amplon. F &(#, fol. !'"v). It is striking, however,
that, with the exception of Naples, which was a special case, the universities
were not the locus of translation activity. Nor were the translators, on the
whole, university teachers, as we shall see in the next section.

There is more evidence that translation was supported by the cathedral
schools. Whether Thierry, as chancellor of Chartres cathedral, actually com-
missioned translations is unclear. But the frequent examples of cooperation
between an archdeacon and a translator in Spain suggest more than mere
personal interest. We have Robert, archdeacon of Pamplona, working with
Hermann of Carinthia; Dominicus Gundissalinus, an archdeacon at Toledo,
collaborating with the translators Avendauth and Johannes Hispanus; and
Mauritius, another archdeacon at Toledo, joining forces with Mark of Toledo
(who translated the Qur"ān and a medical work by Galen). In each case, the
archdeacon appears as a person of higher rank than his translator colleague.

The translator Hugo of Santalla is attested as a “magister” in the cathedral
of Tarazona in !!"(, but it was not necessarily the schoolteachers in the
cathedral who were the translators. Gerard of Cremona, Mark of Toledo,
Michael Scot, and Hermann the German are all attested as canons, and the
wording of a reference to Michael’s vacant canonship in !##% suggests that
some people were unhappy about the fact that a canonship was occupied
by someone who had no pastoral responsibilities."" It has been suggested
that the archbishops of Toledo were directly responsible for sponsoring and
promoting a “school of translators” as a quasi-university."( The evidence is not
decisive, however, since only two translations are dedicated to archbishops.

"# René Antoine Gauthier, “Notes sur les débuts (!##(–!#"') du premier ‘Averroı̈sme’,” Revue des
sciences philosophiques et théologiques, ** (!%$#), &#!–)".

"& Francisco J. Hernandez, “La Fundación del Estudio de Alcalá de Henares,” En la España Medieval,
!$ (!%%(), *!–$&.

"" Ibid., p. *$.
"( See the fundamental article by Valentin Rose, “Ptolemäus und die Schule von Toledo,” Hermes, $

(!$)"), &#)–"%, and the objections of Lorenzo Minio-Paluello, “Aristotele del mondo arabe a quello
latino,” in L’occidente e l’Islam nel alto medioevo, # vols. (Settimane di studio del Centro Italiano di
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Nevertheless, cathedral clergy appear to have played the leading role in the
Toledan translation movement, and the locus of this activity must have been
in the Cathedral quarter and the adjacent Frankish quarter of the city, the
only districts in which foreigners and Latin learning were dominant – also,
apparently, where the remains of the library of the Banū Hūd were located,
as we have seen.

In the course of the thirteenth century, the papal curia itself became an
important locus for translators and scientists. David of Dinant, who knew
some of Aristotle’s libri naturales in their Greek originals and whose works
were condemned in Paris in !#!(, was a chaplain to Pope Innocent III;
subsequent popes supported Michael Scot, and by the second half of the
century the curia in Viterbo had become a veritable hotbed of translating
activity, as it was for science in general."*

TRANSLATORS

It has already been noted that translators were not, on the whole or primarily,
school or university teachers, though Theodore of Antioch and Hermann the
German may have spent part of their time as teachers in the universities of
Naples and Palencia, respectively.") Even the language teachers at the Studia
linguarum set up by the Dominicans and Franciscans from !#(' onward
specifically for the training of missionaries to Jews and Muslims are rarely
attested as translators of scientific works."$

Some translators, however, apparently had received training in the schools,
especially those to whose names the term “magister” is commonly prefixed,
such as the “magister Johannes” who collaborated with Gundissalinus. A few
could be called amateurs in the sense that they found time in the midst of
their professional engagements to learn the requisite language and attempt
translations themselves. A good example of this is Robert Grosseteste, whose
progress in learning Greek can be followed through the grammar written for
him, his transcriptions of Greek texts, and his translation of part of Aristotle’s
On the Heavens."% In cases of commissioned translations, however, or those

Studi sull’ Alto Medioevo, !#) (Spoleto: Centro Italiano di Studi sull’Alto Medioevo, !%*(), vol. #,
pp. *'&–&).

"* Agostino Paravicini Bagliani, Medicina e scienze della natura alla corte dei papi nel duecento (Spoleto:
Centro Italiano di Studi sull’ Alto Medioevo, !%%!).

") For translators as teachers, see Charles Burnett, “The Institutional Context of Arabic–Latin Transla-
tions of the Middle Ages: A Reassessment of the ‘School of Toledo’,” in The Vocabulary of Teaching
and Research between the Middle Ages and Renaissance, ed. Olga Weijers (Turnhout: Brepols, !%%(),
pp. #!"–&(.

"$ An exception is Rufinus of Alexandria, who collaborated with his Arabic teacher at the Domini-
can school in Murcia, Dominicus Marrochinus, on a translation of Hunayn ibn Ishāq’s Medical
Questions.

"% Dionisotti, “Greek Studies of Robert Grosseteste.”
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dedicated to a patron, we are entitled to consider the translators as engaging
in a profession.

Burgundio of Pisa, Moses of Bergamo, and James of Venice were at least
temporarily employed as official interpreters in the discussions between the
Eastern and Western churches in Constantinople in !!&*. James may have
remained in the Byzantine court in the capacity of an interpreter.(' At least
two translators, Cerbanus, a translator of theological texts, and Leo Tuscus,
who translated the book on the interpretation of dreams (Oneirocriticon) of
Ahmed ben Sirin, were employees of the Byzantine emperor, the latter being
described specifically as his interpreter.(!

Some of these interpreters were also lawyers. Legal documents had to be
accurately translated; and, as we shall see, the whole concept of the “literal
interpreter” comes from the context of the Roman law courts of late antiquity.
James of Venice gave advice as an expert in canon law to an archbishop of
Ravenna in !!"$, and Burgundio was primarily a notary, while the Italian
notaries of Alfonso X were responsible for translating Castilian scientific texts
into Latin. In Toledo, where a predominantly Arabic- or Romance-speaking
population was ruled by an elite who used Latin in their official documents,
the translation of legal cases and documents (either orally or in written form)
was routine. One would therefore expect a close connection between forensic
interpreters and the translations made there.

Other professions that had an interest in a particular aspect of Arabic
science were those involving finance. Arabic methods of calculation were
adopted in Henry I’s exchequer, to which Adelard of Bath may have been
attached; Stephen the Philosopher was a treasurer in Antioch; and Leonard
of Pisa learned the language of the Arabs and their methods of calculation
while accompanying his father on trade expeditions.

A commonly occurring designation of the translators, however, is
“philosophi.” In his legal pronouncement of !!"$, James of Venice is described
as “philosophus”; Avendauth describes himself as “israelita philosophus,” and
an early manuscript of a translation of Gerard of Cremona refers to him as
“summus philosophus.”(# In some cases, this adjective can be shown to indicate
not only an expertise in the secular sciences of the ancients but also an offi-
cial position. Two translators at the court of Frederick II – John of Palermo
and Theodore of Antioch – were described as the emperor’s “philosophers”
(“imperialis philosophus”). The position was probably analogous to that of

(' Fernand Bossier and Jozef Brams, eds., Aristoteles Latinus VII. Physica, # vols. (Leiden: Brill, !%%'),
vol. !, p. xix.

(! Antoine Dondaine, “Hugues Éthérien et Léon Toscan,” Archives d’histoire doctrinale et littéraire du
moyen âge, !% (!%(#), *)–!&".

(# For further examples, and discussion, see Charles Burnett, “Master Theodore, Frederick’s Philoso-
pher,” in Federico II e le nuove culture, Atti del XXXI Convegno storico internazionale, Todi, 9-12 ottobre
1994 (Spoleto: Centro Italiano di Studi sull’Alto Medioevo, !%*(), pp. #"$–(", reprinted with cor-
rections in Charles Burnett, Arabic into Latin in the Middle Ages (Farnham: Ashgate Variorum,
#''%), article IX.
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the h. akı̄m in Islamic society – beyond giving medical and astrological advice
to their patrons, they contributed to the political ideal of the combination of
rulership and philosophy.(& It has been suggested that the same term, when
applied to James of Venice, may refer to the equivalent Byzantine title of
“philosophos.”("

One thing that lawyers, treasurers, and “philosophi” had in common was
that they belonged to the new secular professional classes that burgeoned at
the same time as the translation movement became active. This might suggest
that the existence of an educated lay professional class in itself was responsible
for the flourishing of translations. The connections are undoubtedly there,
but it must also be remembered that simultaneous with the translations of
secular science and philosophy was a radical upsurge in the translation of
Christian texts from Greek and a new interest in the Hebrew text of the
Old Testament and Jewish interpretations of the Scriptures that transformed
theology and biblical scholarship.(( Both lay and ecclesiastical circles were
profoundly affected.

TECHNIQUES

Different terms were used for the transmission of Greek and Arabic texts into
Latin. Adelard of Bath regularly used the phrase “ex arabico sumptus” (“taken
from Arabic”), John of Seville sometimes wrote “interpretatus” (“interpreted
by”) and at other times “translatus ex arabico in latinum” (“translated from
Arabic into Latin”). Petrus Alfonsi described himself as the “translator” of the
Zı̄j of al-Khwārizmı̄, and says that he “arranged [it] into the Latin language”
(“in latinam linguam digessi”), whereas Gerard “Latinized” (latinare) the
Almagest. The verb “transferre” soon became the normal term; it was, for
instance, used for the translations of William of Moerbeke. The process by
which this translation occurred could, however, take a variety of forms.

In some cases, it involved the fixing in Latin of a text transmitted orally.
This appears to be the case in the “translations” of Arabic works on astronomy
made by Petrus Alfonsi and Walcher of Malvern in the West Midlands of
England. Petrus had left his books “across the sea,” and Walcher’s translations

(& The statement that “states are blessed either if they are handed over for philosophers to rule or
if their rulers adhere to philosophy” is found in two works addressed to rulers or rulers-elect: al-
Majūs̄ı’s preface to his Complete Book of the Medical Art, I.! (Lyons: Jacobus Myt, !(#&), fol. !r, and
Adelard of Bath’s On the Use of the Astrolabe, in Burnett, Introduction of Arabic Learning into England,
pp. &#, "*. For the context, see Sarah Stroumsa, “Philosopher-King or Philosopher-Courtier? Theory
and Reality in the Falsifa’s Place in Islamic Society,” in Identidades marginales, ed. Cristina de la
Puerte (Madrid: CSIC, #''&), pp. "&&–(%.

(" Bossier and Brams, Aristoteles Latinus VII. Physica, vol. !, pp. xvii–xviii.
(( These translations are not the subject of this chapter, but it must be borne in mind that some of

the Greco-Latin translators mentioned here, such as Burgundio of Pisa, Leo Tuscus, and Henricus
Aristippus, also translated or promised to translate Christian writings.
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are not of a text but of Petrus’s words, as is clear from the title of one
of them: “The opinions of Peter the Jew, called ‘Alphonsus’, concerning
the lunar node, which the lord Walcher, prior of the church of Malvern,
translated into the Latin language.”(* Abraham ibn Ezra, too, dictated his
views (“sententia”) on the astrolabe to an unnamed Latin scholar,() and the
same process probably occurred in respect to Abraham’s explanation of how
to use the Pisan Tables, which appears in at least three different forms in
Latin manuscripts. That whole books could be dictated by scholars (especially
those of Jewish origin) is not implausible, and we have examples even in the
Renaissance.($ However, most medieval translations imply the existence of
a written text in the original language, even if this text has been interpreted
orally for a Latin writer.

The source text need not be written in a conventional book form. It may
be a schematic diagram of a sheep’s shoulder blade with the significance of
each of the parts written on it,(% or an astrolabe with the names of prominent
fixed stars and various figures inscribed on it.*' Hindu-Arabic numerals at
first seem to have spread through Europe on the beads of the “Gerbertian
abacus.”*! Nor is the text in the book merely the author’s words. It may
include diagrams and illustrations, as well as marginalia, and its layout may
influence the choices of the translator.*# It matters, then, whether the Latin
translator has confronted a text in the original manuscript directly or has
merely relied on an oral interpretation of that text. Both situations occurred.

Oral interpretation is best attested in respect to Arabic texts. A well-known
description of the process is given by Avendauth, in the dedication of his
translation of Avicenna’s De anima to the archbishop of Toledo: “Here you
have the book translated from Arabic: I took the lead and translated the words
one at a time into the vernacular language, and Archdeacon Domenicus
turned them one at a time into Latin.”*& Since this translation was made in
Toledo, the “vernacular language” could have been either the Arabic dialect

(* Burnett, “Works of Petrus Alfonsi,” pp. "(–).
() Burnett, Introduction of Arabic Learning into England, p. ($.
($ For example, when Rabbi Saul ben Simon published Tsori ha-Yagon in Cremona in !((), he

indicated that he had lost the original manuscript and had reproduced the text from memory; see
Raphael Jospe, Torah and Sophia: The Life and Thought of Shem Tov ibn Falaquera (Cincinnati:
Hebrew Union College Press, !%$$), p. &(.

(% For examples of these diagrams, see the article on “Scapulimancy” in Burnett, Magic and Divination,
article XII.

*' Such an astrolabe has been carefully copied in Paris, Bibliothèque Nationale de France, MS Lat.
)"!#, fols. !%v–#&v; see Paul Kunitzsch, “Traces of a Tenth-Century Spanish-Arabic Astrolabe,”
Zeitschrift für Geschichte der Arabisch-Islamischen Wissenschaften, !# (!%%$), !!&–#'.

*! Guy Beaujouan sees this as an explanation of the fact that Hindu-Arabic numerals are sometimes
reversed or turned ninety degrees with respect to their Arabic models; see his “Étude paléographique
sur la ‘rotation’ des chiffres et l’emploi des apices du Xe au XIIe siècle,” Revue d"histoire des sciences,
! (!%"$), &'&–!&.

*# For examples, see John E. Murdoch, Album of Science: Antiquity and the Middle Ages (New York:
Scribner, !%$").

*& Simone Van Riet, ed., Avicenna Latinus, Liber de Anima, I–II–III (Leiden: Brill, !%)#), pp. %(!–%$!

and ".
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spoken in Toledo or a Romance language. According to Roger Bacon, many
people understood the spoken forms of Greek, Arabic, and Hebrew, even if
they could not read and write the languages.*" Adelard of Bath made mistakes
that imply a mishearing of Arabic words that sounded alike rather than a
misreading of an Arabic text.*( Other translators are also said to have had
the help of Arabic speakers, whether Mozarabs (such as the “Galippus” who
helped Gerard of Cremona) or Jews (such as the “Salomon Avenraza” whom
Alfred of Shareshill mentions as his teacher, and the “Abuteus levita” who
helped Michael Scot).** Characteristics of texts resulting from translation
by this method are the absence of any annotation in Arabic script and the
presence of transcriptions of phrases in the original languages or of vernacular
words that might have arisen during the conversation with the interpreter.*)

Some idea of the kind of language that these interpreters put the Arabic texts
into may be gained from the astronomical notes in a mixture of completely
ungrammatical Latin and Italian written into a manuscript by an unknown
scholar in Lucca in or soon after !!*'.*$

In the course of the thirteenth century, the vernacular interpretations
themselves were written down. An item in the !#)& inventory of Gonzalo
Pérez “Gudiel” is described as “the exemplar in Romance from which it
[i.e., the Latin translation of the Nicomachean Ethics] was translated.”*% The
Castilian versions sponsored by Alfonso X were ends in themselves. It is
noticeable that Jewish scholars predominated both as interpreters for Latin
scholars in the twelfth and early thirteenth centuries and as translators into
Castilian for Alfonso X.

It is clear, however, that some Latin scholars read the Arabic texts directly.
Hugo of Santalla complains about “the variety of diacritical marks on the
[Arabic] letters, or the lack of marks,” and the Latin reviser of Abū Ma!shar’s
De magnis coniunctionibus (Gerard of Cremona?) refers to a word that he
cannot read in the original.)' Hugo transcribes Arabic letters in one of his

*" Roger Bacon, Opus tertium, ed. John S. Brewer (London: Longmans, !$(%), pp. &&–".
*( Examples are given in Charles Burnett, “Some Comments on the Translating of Works from

Arabic into Latin in the Mid-twelfth Century,” in Orientalische Kultur und europäisches Mittelalter,
ed. Albert Zimmermann (Miscellanea Mediaevalia, !)) (Berlin: W. de Gruyter, !%$(), pp. !*!–)!,
especially pp. !**–).

** Marie-Thérèse d’Alverny, “Les traductions à deux interprètes, d’arabe en langue vernaculaire et
de langue vernaculaire en latin,” in her La Transmission des textes philosophiques et scientifiques au
Moyen Âge (Aldershot: Variorum, !%%"), article III.

*) Burnett, Introduction of Arabic Learning into England, pp. "'–".
*$ Charles Burnett, “The Transmission of Arabic Astronomy via Antioch and Pisa in the Second

Quarter of the Twelfth Century,” in The Enterprise of Science in Islam: New Perspectives (Dibner
Institute, November 1998), ed. Jan Hogendijk and Abdelhamid I. Sabra (Cambridge, Mass.: MIT
Press, #''&), pp. #&–(!.

*% Ruiz, Hombres y libros de Toledo, p. "&(.
)' Preface to Jafar Indus, Liber imbrium, Madrid, Biblioteca Nacional, MS !''*&, fol. "&r, ed. C.

Burnett in “Lunar Astrology,” Micrologus, !# (#''"), pp. "&–!&& (see p. $$); and Charles Burnett and
Keiji Yamamoto, ed. and trans., Abū Ma!̌sar on Historical Astrology, # vols. (Leiden: Brill, #'''),
vol. #, p. &'$.
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translations, and a diagram is labeled with words in Arabic script by the main
scribe of a collection of texts produced by the scholars of the valley of the
Ebro.)! No Arabic manuscript has yet been identified as a copy used by the
Latin translator; the nearest approximation to this is an Arabic manuscript
of the Organon into which a twelfth-century Latin scribe has inserted Latin
equivalents of logical terms and some chapter headings. He may have been
attempting to learn Arabic by reading texts that were familiar to him.)#

The situation in regard to Greek is different both in that it seems to have
been normal for Latin translators to deal directly with Greek texts and because
some of them have been identified. For example, Burgundio of Pisa’s hand
appears in the margins of Aristotle’s and Galen’s texts in several manuscripts
of the Laurentian Library in Florence and that of William of Moerbeke
in Vienna, Österreichische Nationalbibliothek, phil. gr. !''.)& These anno-
tated manuscripts show in detail how the translators approached their texts,
including, as they do, variant readings and corrections to the Greek, letters
of the Latin alphabet (in the case of Burgundio’s manuscripts) indicating the
logical order of the Greek words, and summaries and explanations of the sub-
ject matter. They demonstrate, too, the translators’ competence in writing
Greek; their knowledge of the language was not merely aural. Nevertheless,
the variety of annotations in Burgundio’s Greek manuscripts indicates the
presence of a second scholar working alongside him, whose competence in
Greek was probably superior to that of Burgundio himself.

In translating both Arabic and Greek, then, the Latin scholars’ principal
resource was the native speakers of the languages. Evidence of the use of
dictionaries and grammars is less easy to find. The earliest Arabic grammar
composed in a Western language is the one for the Arabic dialect of Granada
written in !('( by Pedro de Alcalà. Its purpose was to aid the conversion of
the Arabic-speaking population, and much the same aim may underlie the
two extensive Arabic–Latin/Latin–Arabic glossaries of the Middle Ages: the
“Leiden glossary” and the Vocabulista in Arabico edited by Celestino Schia-
parelli (Florence, !$)!). Potentially more helpful are the glossaries of techni-
cal terms attached to certain texts of astronomy, astrology, and medicine.)"

)! Hugo’s translation of !Umar ibn al-Farrukhān, Caesarian Questions, Vienna, Österreichische Nation-
albibliothek, MS #"#$, fols. %'r–%!r, %&r, which also includes in the margin of %!r the word “al-
Shām” (“Syria”) written in Arabic letters. The diagram is in Oxford, Bodleian Library, MS Digby (!,
fol. $$v.

)# Istanbul, Topkapi Sarayi, Ahmet III, MS &&*#, discussed in Burnett, “Antioch as a Link between
Arabic and Latin Culture in the Twelfth and Thirteenth Centuries,” p. )(. For Arabic manuscripts
that are very close to those used by the translator, see Charles Burnett, “Manuscripts of Latin
Translations of Scientific Texts from Arabic,” Digital Proceedings of the Lawrence J. Schoenberg
Symposium on Manuscript Studies in the Digital Age, !, no. ! (#''%), article ! (http://repository.
upenn.edu/ljsproceedings/vol!/iss!/!/).

)& See, respectively, Vuillemin-Diem and Rashed, “Burgundio de Pise et ses manuscrits grecs
d’Aristote,” pp. !()–)(; and Vuillemin-Diem, “La Liste des oeuvres d’Hippocrate dans le Vin-
dobonensis Phil. Gr. !''.”

)" For astronomy, see Paul Kunitzsch, Glossar der arabischen Fachausdrücke in der mittelalterlichen
europäischen Astrolabliteratur (Nachrichten der Akademie der Wissenschaften in Göttingen I.

http://repository.upenn.edu/ljsproceedings/vol1/iss1/1/
http://repository.upenn.edu/ljsproceedings/vol1/iss1/1/
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The most extensive of these is the Synonyma of Simon of Genoa, a doctor at
the papal court at the very end of the thirteenth century, who explained in
detail the Greek and Arabic words in the medical vocabulary of the Latins; he
included some notes on Greek and Arabic phonology.)( These technical glos-
saries, however, were primarily for the use of readers unfamiliar with terms
that had simply been transliterated from Arabic or Greek. Nevertheless, the
consistency with which terms are translated suggests either the presence of
some written lists or an extraordinary memory on the part of the translators.
This is particularly the case with the translations or revisions of Gerard of
Cremona, which use word-for-word equivalents of Arabic terms, even across
subject boundaries. For the Jewish scholars in the early thirteenth century
who translated texts from Arabic and also helped their Christian colleagues,
we have more evidence of linguistic aids, especially in regard to philosophical
translations.)* Latin scholars, too, may have had some linguistic tools that
are now lost since Simon of Genoa refers to a kind of dictionary that he calls
“Liber de doctrina arabica” (“book on Arabic learning”).))

It is not surprising that there is more evidence of language aids for Greek,
which was more important than Arabic for understanding theology and
classical antiquity. Moses of Bergamo discussed points of Greek grammar,
and Robert Grosseteste arranged for a Greek grammar to be written for him
by John of Basingstoke. An extant comprehensive Greek–Latin dictionary
may be a copy of a glossary revised by Grosseteste from a south Italian
exemplar.)$

For the style of their translations, medieval translators had two contrasting
role models to follow, Cicero and Boethius. Cicero, in his On the Best
Kind of Orator, defended his decision to translate “not as an interpreter,
but as an orator,” in which he followed the sense, not the words.)% By
“interpreter” Cicero meant the professional interpreter employed in the law
courts. Boethius, on the other hand, defended his decision to abandon good-
sounding Latin in favor of the literal translation of the “faithful interpreter,”
claiming that such a method was necessary in scientific writings in which
knowledge of things was sought.$'

philologisch-historische Klasse, Jahrgang !%$#, Nummer !!) (Göttingen: Vandenhoeck und
Ruprecht, !%$&).

)( Danielle Jacquart, “La coexistence du grec et de l’arabe dans le vocabulaire médical du latin médiéval:
l’effort linguistique de Simon de Gênes,” in her La Science médicale occidentale entre deux renaissances
(XII e s.–XV e s.) (Aldershot: Variorum, !%%)), article X.

)* For example, the Hebrew–Italian glossary and a Hebrew–Latin wordlist edited by Giuseppe Ser-
moneta, Un glossario filosofico ebraico-italiano del XIII" secolo (Rome: Edizioni dell’Ateneo, !%*%).

)) Jacquart, “La coexistence du grec et de l’arabe dans le vocabulaire médical du latin médiéval,”
p. #)%.

)$ London, College of Arms, MS Arundel %; see Dionisotti, “Greek Studies of Robert Grosseteste,”
pp. #"–(.

)% Cicero, De optimo genere oratorum, V.!".
$' Boethius, In Isagogen Porphyrii Commentorum Editio secunda, ed. Georg Schepps and Samuel Brandt

(Vienna: F. Tempsky, !%'*), chap. !, p. !&(. See Werner Schwarz, “The Meaning of Fidus interpres
in Mediaeval Translation,” Journal of Theological Studies, "( (!%""), )&–$.
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Those scholars who cultivated a Ciceronian style of translation also tended
to write elaborate prefaces and to make adaptations of the material they trans-
lated, as Cicero had done. In effect, they made the Greek and Arabic works
their own. Among these scholars were Constantine the African, Hugo of
Santalla, and Hermann of Carinthia. Hermann pointedly remarked, in a
preface addressed to his fellow translator Robert of Ketton, that he departed
from the method advocated by Boethius because of the prolixity of the
Arabic language. His own translations show not only abbreviation but also
substitution (e.g., of familiar geographical names for the obscure Arabic ones
and of examples from classical Latin texts for those in Arabic), and above all
a compact Ciceronian style. This approach might result from the influence
of the humanistic ideals of the French schools, which also led John of Salis-
bury to criticize the literal translator James of Venice as being inadequately
trained in grammar and to wish to replace James’s obscure translation of
the Posterior Analytics with a more readable one.$! The Ciceronian model
became fashionable again in the Renaissance.$#

It was, however, Boethius’s example that became the norm in the Middle
Ages in translations from both Greek and Arabic. Literal interpretation, of
course, could be merely the first stage toward a literary (or other) version
of a text; for example, the author of the Liber denudationis (a work against
Islam) claims to be following the sense and abbreviating a preliminary literal
translation that does not survive.$& But, in most cases, the literal method was
deliberately chosen as that most appropriate to the task.

This approach was professionally followed in the Greek–Latin translations
of Burgundio of Pisa and James of Venice and the Arabic–Latin transla-
tions of Stephen the Philosopher and Gerard of Cremona. Stephen criticizes
Constantine the African, the earlier translator of the same work that he is
translating, for “missing out many necessary things, changing the orders of
many things, and setting out some things in the wrong way,”$" and promises
to remedy all these faults in his new translation. Burgundio, in the preface
to one of his translations, writes what is virtually a blueprint for literal trans-
lation, and an account of the history of its practice.$( For both Burgundio
and Stephen, the adoption of the literal method is necessary not only for

$! John of Salisbury, Letter #'!, in Letters, ed. W. J. Millor, rev. Christopher N. L. Brooke (Oxford:
Clarendon Press, !%)%), vol. #, p. #%"; and John of Salisbury, Metalogicon, IV.*, p. !"(.

$# Brian P. Copenhaver, “Translation, Terminology and Style in Philosophical Discourse,” in The Cam-
bridge History of Renaissance Philosophy, ed. Charles B. Schmitt (Cambridge: Cambridge University
Press, !%$$), pp. ))–!!'.

$& Thomas E. Burman, Religious Polemic and the Intellectual History of the Mozarabs (Leiden: Brill,
!%%"), p. &$".

$" Burnett, “Antioch as a Link between Arabic and Latin Culture in the Twelfth and Thirteenth
Centuries,” p. #).

$( Classen, Burgundio von Pisa; also discussed in Charles Burnett, “Translating from Arabic into
Latin in the Middle Ages: Theory, Practice, and Criticism,” in Éditer, traduire, interpréter: essais
de méthodologie philosophique, ed. Stephen G. Lofts and Philipp W. Rosemann (Louvain-la-Neuve:
Peeters, !%%)), pp. ((–)$.
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scientific reasons (i.e., to preserve the “truth” of the original text) but also for
moral reasons. It is a mark of presumptuousness to dare to alter anything in
the original text, and a nonliteral translation becomes the composition of the
translator, no longer that of the original author. According to the author of
the anonymous commentary on the Timaeus sandwiched between Henricus
Aristippus’s translations of Plato’s Phaedo and Meno, “Cicero, in writing the
Republic, had excerpted many things from Plato, but he made them his own
through change of order and sense. [Plato’s Republic] was untouched as far as
translation was concerned.”$* Among the consequences of the literal method
is the fact that the translators tend not to add anything of their own by way of
prefaces and even neglect to mention their own names. Burgundio also states
that literal translators add in the margins alternative translations of words
that have two senses in the original language and rephrasings clarifying the
sense of passages whose literal translation renders them obscure; they keep
the text pure. Burgundio rigorously put his preaching into practice.$)

Since Burgundio of Pisa stands at the center of the translation movement of
the mid-twelfth century, it is not surprising to find that his pronouncements
are representative of, if not prescriptive for, the translators of the latter half
of the twelfth century and later. Among these is Gerard of Cremona; the
fact that he originates from northern Italy like Stephen the Philosopher,
Burgundio, and James of Venice and is roughly contemporary with them is
probably significant. He wrote no prefaces to his translations, and, according
to his students, did not even put his name on them. Thus, he left no account
of his translation method. Yet, a consistent method appears to have been
established for translating works in Toledo, probably under his supervision.
This consisted in either making new translations or revising previous ones
to ensure that a stringent and consistent word-for-word terminology was
applied throughout,$$ and in adding an apparatus of marginal notes, giving
alternative translations of words, rephrasing, and clarifying obscure points,
in a way remarkably similar to that exemplified in Burgundio’s translations.

The sheer volume and success of the Toledan translations guaranteed
that the consistent terminology used in them became the scientific norm. It
must be emphasized, too, that the literalness was not restricted to the letters
of the text. Where there were diagrams and illustrations, these, too, were
reproduced with extreme accuracy. The Toledan translation of the surgery
of Albucasis (al-Zahrāwı̄) reproduced to the last detail the many surgical

$* Oxford, Corpus Christi College, MS #"&, fol. !&)va.
$) Fernand Bossier, “L’Élaboration du vocabulaire philosophique chez Burgundio de Pise,” in Aux

origines du lexique philosophique européen, ed. Jacqueline Hamesse (Louvain-la-Neuve: FIDEM,
!%%)), pp. $!–!!*.

$$ Danielle Jacquart, “Note sur la traduction latine du Kitāb al-Mans.ūrı̄ de Rhazes,” in Jacquart, La
Science médicale occidentale entre deux renaissances, article X; and Abū Ma!šar al-Balh

˘
ı̄ [Albumasar],

Liber introductorii maioris ad scientiam judiciorum astrorum, % vols. (Naples: Istituto Universitario
Orientale, !%%(–!%%)), vol. ", pp. #!)–)*.
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instruments depicted in the text, even to the extent of preserving the turbans
of the Muslim surgeons and the layout of the Arabic original.$%

Although literal translation continued to be the norm throughout the
thirteenth century, the annotations became more detailed, and Greek and
Arabic explanations of the canonical texts were added as comprehensively
as possible. Grosseteste’s version of Aristotle’s Ethics, with its panoply of
Byzantine commentaries, is matched by Hermann the German’s translation
of Aristotle’s Rhetoric, with the relevant commentaries of Averroes, Alfarabi,
and Avicenna.

FROM TRANSLATIO STUDII TO RESPUBLICA
PHILOSOPHORUM

Literal translation was perceived as representing the words of the original
author so accurately as to make the original texts redundant. Such a view
is already apparent in the words of Boethius that, “through the integrity
of a completely full translation, no Greek literature is found to be needed
any longer.”%' In his advertisement of new translations of Aristotle and
his commentators to the students of Paris, King Manfred both emphasized
that the “virginal integrity” of the original Greek and Arabic texts has been
preserved by representing single words with single words and regarded the
Latin versions as providing new clothes for texts that have long languished
in their unchanged Greek garb.%! Boethius’s aim for a “transfer of learning”
(translatio studii) from Greek into Latin in the sixth century was cut short
by his untimely death and lack of immediate successors, but it was renewed
and largely fulfilled in the twelfth to thirteenth centuries. The rationale of a
translatio studii is that scientific culture passes from one people to another;
once in possession of that culture, the recipients have no need to return to
its source. Thus, once Latin scholars had acquired the wisdom of the Greeks
and the Arabs, there was no need to learn the Greek or Arabic language to
understand this wisdom. Roger Bacon was swimming against the current
when he insisted that the only way to truly know theology was to learn
Hebrew and Greek and, to know science, Arabic and Greek.%# Most Western
scholars, like Albertus Magnus and Thomas Aquinas, thought it sufficient
to compare different Latin translations of the texts they were studying. They
were confident that the translation preserved the “truth” of the original text

$% Eva Irblich, “Einfluss von Vorlage und Text im Hinblick auf kodikologische Erscheinungsformen
am Beispiel der Überlieferung der ‘Chirurgie’ des Abū"l Qāsim Khalaf Ibn !Abbās al-Zahrāwı̄ von !&.
Jahrhundert bis !('',” in Paläographie 1981, ed. Gabriel Silagi (Münchener Beiträge zur Mediävistik
und Renaissance-Forschung, &#) (Munich: Arbeo-Gesellschaft, !%$#), pp. #'%–&!.

%' Boethius, In Isagogen Porphyrii Commentorum Editio secunda, chap. !.
%! Gauthier, “Notes sur les débuts (!##(–!#"') du premier ‘Averroı̈sme’,” pp. &#&–".
%# Roger Bacon, Opus maius, ed. John Henry Bridges, # vols. (Oxford: Clarendon Press, !$%)), vol. !,

p. **.
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and, in the case of an Albertus Magnus, became so used to “translation
Latin” (which, to those accustomed to classical Latin, like John of Salisbury,
appeared obscure) that they were able to interpret the original author’s
meaning in a remarkably accurate way.

But it is probably more accurate to say that we are dealing here not so much
with a transfer of learning as with the internationalism of scientific learning.
Already Adelard had compared the world to a body in which different parts
have been assigned different functions. In the same way, different parts of
the world are fertile with different disciplines and what “the [world] soul is
unable to effect in a single part of the world, she brings about within its
totality.”%& In the next century, Theodore of Antioch went from Christian
Antioch to Muslim Mosul, where he studied the works of Alfarabi, Avicenna,
Euclid, and Ptolemy with the foremost Islamic scholar, Kamāl-al-Dı̄n ibn
Yūnus (!!(*–!#"#); subsequently he studied medicine in Baghdad before
serving a Seljuk ruler of Konya in Asia Minor, an Armenian regent, and
finally a Christian emperor in Sicily. Another student of Kamāl-al-Dı̄n, al-
Urmawı̄, also spent time at the same emperor’s court, writing a book of logic
for him. A Jewish scholar, Juda ben Salomon ha-Cohen, corresponded in
Arabic from Toledo with Emperor Frederick II’s “philosopher” on questions
concerning geometry, and Frederick himself sent questions on mathematics
and philosophy to Arabic scholars throughout the Mediterranean. Later in
the same century, opinions of Thomas Aquinas were incorporated into an
Arabic apologia for Christianity written by a Mozarab in Toledo, and an
anonymous scholar wrote a Greek introduction to Aristotle’s libri naturales
in Sicily or southern Italy on the basis of Averroistic texts being taught
in Paris.%" Meanwhile, it has been suggested that astronomical information
from the observatory of Maragha in the Mongol realms arrived at the Spanish
court of Alfonso X.%( That such scholarly exchanges and intellectual traffic
were possible testifies to the fact that, at least by the second quarter of the
thirteenth century, the Jewish and Islamic worlds shared with Christendom a
common knowledge of science and philosophy; a commonwealth of scholars
had come into being that transcended political and religious borders. That
such a state could come about resulted, in no small measure, from the
achievement of translators who raised the scientific culture of each linguistic
group to the point where all shared the same level of excellence.

%& Adelard of Bath, De eodem et diverso, in Burnett, Adelard of Bath, pp. )'–!.
%" Burman, Religious Polemic and the Intellectual History of the Mozarabs, pp. !()–%!; and Marwan

Rashed, “De Cordoue à Byzance,” Arabic Sciences and Philosophy, * (!%%*), #!(–*#.
%( Samsó, Islamic Astronomy and Medieval Spain, chap. XIII, pp. &#–&.
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MEDIEVAL ALCHEMY

William R. Newman

THE ORIGINS OF MEDIEVAL EUROPEAN ALCHEMY

The term “alchemy” derives from the Arabic al-kı̄miyā, which in turn comes
from the Greek chymeia or chēmeia, probably derived from cheō, and mean-
ing in its root sense “the art of fusing [metals].”! Therefore “alchemy,” in
its primitive sense, concerns the treatment and transmutation of metals, a
meaning reflected in many medieval definitions of the art.# Nonetheless, the
theory and practice of medieval alchemy were not confined to the trans-
mutation of metals. In reality, medieval alchemy concerned itself with all
aspects of chemical and mineral technology and theory and had close links
to pharmacy as well.

An ordinary codex of medieval alchemy will usually contain recipes for
the synthesis and refining of numerous chemicals of commerce, such as
sal ammoniac (ammonium chloride), sal alkali (usually sodium carbonate),
alum, saltpeter (potassium nitrate), and sal tartari (potassium carbonate), as
well as directions for making such pigments as vermilion, ceruse, minium
(lead oxide), and verdigris, often with instructions for using these pigments
in the manufacture of artificial gemstones. Such manuscript books also often
contain recipes for alloying and soldering metals and for making elabo-
rate glues, glazes, and lutes. Alchemical codices contain the most detailed
descriptions of assaying and purifying metals that have been transmitted
in any medieval documents. They describe a host of processes for purify-
ing minerals by means of sublimation, distillation, solution, coagulation,
precipitation, crystallization, and other operations. Finally, from the early

! Robert Halleux, Les textes alchimiques (Turnhout: Brepols, !%)%), p. "(; Otto Lagercrantz, “Das
Wort Chemie,” Kungliga Vetenskaps Societetens Arsbok, 1937 (Uppsala: Almqvist & Wiksell, !%&$),
pp. #(–""; and J. Gildemeister, “Alchymie,” Zeitschrift der Deutschen Morgenländischen Gesellschaft,
&' (!$)*), (&"–$.

# See Halleux, Textes alchimiques, pp. "&–).
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fourteenth century on, alchemical recipes form the primary locus for exper-
imentation with the newly discovered mineral acids.

Alchemy in the Middle Ages was therefore a comprehensive field of
endeavor concerning itself with every branch of chemical and mineral tech-
nology. At the same time, however, it embodied an attempt to link these
technological practices to a theoretical framework. The characteristic (though
by no means exclusive) structure of the medieval alchemical treatise is the
explanatory theorica followed by an artisanal practica. A typical theorica will
usually contain a recitation of Aristotle’s theory of the elements, followed
by a description of the subterranean generation of metals from sulfur and
mercury.

Along with this introductory material, one will often find a defense of
alchemy against its detractors, above all the Persian philosopher Avicenna
(Ibn Sı̄nā, d. !'&)). In many instances, this will be followed by a recounting of
such laboratory processes as sublimation and distillation in terms of the fixed
(nonvolatile) and unfixed (volatile) components of minerals, often expressed
in the terminology of a corpuscular theory that we shall describe presently.
Medieval alchemy was not therefore intended to be a “mechanical art” or
pure technology; rather, its practitioners viewed it as an integration of theory
and practice, descended from natural philosophy and subordinated to it.&

Although alchemy originated in the Hellenistic culture of late antiquity,
the Greek alchemical corpus was almost entirely unknown in the Latin
Middle Ages, and the systematic translation of it was begun only in the
sixteenth century, by Domenico Pizzimenti." It is to Islamic civilization that
we must turn for the immediate sources of Latin alchemy. By the time
of alchemy’s arrival in the Latin West – usually identified with Robert of
Ketton’s mid-twelfth-century translation of Morienus’s On the Composition
of Alchemy from Arabic into Latin – the discipline had evolved considerably
from its Greek roots.(

Alchemical writings were probably already being translated from Greek
into Arabic – in some cases by means of Syriac intermediaries – as early as
the eighth century. Already at this early stage, Arabic authors were making
important modifications to Greek alchemical theory. One early example is
found in the influential Book of the Secret of Creation, attributed to Bāl̄ınas
or pseudo-Apollonius of Tyana. Bāl̄ınas’s book, probably composed in the
eighth century (though possibly based on a Greek original), already postulates

& Chiara Crisciani, “The Conception of Alchemy as Expressed in the Pretiosa margarita novella of
Petrus Bonus of Ferrara,” Ambix, #' (!%)&), !*(–$!.

" For Pizzimenti, see Joseph Bidez, Catalogue des manuscrits alchimiques grecs, $ vols. (Brussels: Maurice
Lamartin, !%#$), vol. *. But see Robert Halleux and Paul Meyvaert, “Les origines de la mappae
clavicula,” Archives d’histoire doctrinale et littéraire du moyen âge, )# (!%$)), )–($.

( Julius Ruska, “Zwei Bücher De Compositione Alchemiae und ihre Vorreden,” Archiv für Geschichte
der Mathematik, der Naturwissenschaften und der Technik, !! (!%#$), #$–&); and Lee Stavenhagen,
“The Original Text of the Latin Morienus,” Ambix, !) (!%)'), !–!#.
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that the known metals are actually compounds of sulfur and mercury.*

This fundamental doctrine, probably based on the observation that most
of the then-known metals would form amalgams with mercury and that
the common sulfide-ores of metals tend to deposit sublimed sulfur in the
flues of refining furnaces, was accepted in altered form until the end of the
eighteenth century.

By the late ninth and early tenth centuries, the Arabs were composing
a large number of original and important alchemical treatises. The most
significant of these early endeavors were the texts going under the names
of Jābir ibn Hayyān and Muammad ibn Zakariyyā al-Rāzı̄. As Paul Kraus
showed in the !%&'s and !%"'s, the vast corpus of about &,''' works ascribed
to Jābir ibn Hayyān (supposedly died ca. $!#) cannot really go back to the
eighth century, when this sage is supposed to have been active.) In fact, only
one work in the corpus, the Book of Mercy, could be that early. Jābir’s other
books develop a complex theory called “the Balance,” which incorporates
arithmological notions with the belief that all bodies are composed of four
“natures” (hot, cold, wet, and dry), which can be manipulated in order to
produce new materials.

Jābir also adopts a preexistent theory that terrestrial substances consist
of an “occult” or “internal” and a “manifest” or “external” component.
Hence silver, for example, which is cold and dry “externally,” contains the
opposite qualities, hot and wet, “internally.” Alchemical processes can induce
the occult qualities to become manifest, thus transmuting one substance
into another. Jābir’s theory of the occult and the manifest was to have a
long life in the Western world, where it offered an important alternative
to the Galenic and scholastic concept of occult qualities as permanently
unknowable entities.$ The highly speculative Jabirian corpus also contains
an important emphasis on the fractional distillation of substances in order to
isolate their “natures” before recombining them. This theme would have a
huge impact in the Latin West, being transmitted not only by Jābir’s Seventy
Books (translated by Gerard of Cremona as the Liber de septuaginta) but also
by the highly influential Book of the Soul in the Art of Alchemy, a spurious
work attributed to Avicenna that became a favorite source of Roger Bacon’s,
among others.%

* Paul Kraus, Jābir ibn Hayyān: Contribution à l’histoire des idées scientifiques dans l’Islam, # vols. (Cairo:
Institut français d"archéologie orientale, !%"#–!%"&), vol. #, p. !.

) Ibid., vol. !, pp. i–lxv.
$ Ibid.
% The Liber de septuaginta (TK $!&) was edited in Marcelin Berthelot, “Geber – le livre des soixante

dix,” Mémoires de l’Académie des Sciences, "% (!%'*), &!'–*&. Pseudo-Avicenna’s Liber de anima in
arte alkimie (TK )%*) is described in Julius Ruska, “Die Alchemie des Avicenna,” Isis, #! (!%&"),
!"–(!. Note that “TK” followed by a number signifies an incipit found in Lynn Thorndike and Pearl
Kibre, A Catalogue of Incipits of Mediaeval Scientific Writings in Latin (Cambridge, Mass.: Mediaeval
Academy of America, !%*&).
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Unlike the corpus of Jābir, the extant alchemical work of Muhammad
ibn Zakariyyā al-Rāzı̄ ($*(–%#() avoids elaborate speculation. Rāzı̄’s Book of
Secrets is a straightforward technical treatise devoted to the production of
transmutational elixirs. One of the masterpieces of alchemical literature, the
work provides a comprehensive discussion of minerals, alchemical apparatus,
and processes. Rāzı̄’s Book of Secrets was translated into Latin as the Book of
Ebubachar Rasy, and it exists in other Latin versions as well.!' Numerous
pseudonymous works attributed to Rāzı̄ were also translated into Latin. The
most important of these is the Book of Alums and Salts, a highly technical
treatise existing in several different Latin versions, whose immense popularity
eclipsed the genuine work of Rāzı̄.!! Although spurious, the Book of Alums
and Salts was inspired by Rāzı̄ in its practical orientation and avoidance of
speculation. This cataloging of practical information and recipes came to
characterize the Razian tradition in the medieval West, where it spawned a
veritable genre of books on the refining and classification of salts.

After Jābir and Rāzı̄, the third Arabic writer to play a major part in
Western alchemy was the Persian philosopher Avicenna. Avicenna was, in
fact, an opponent of alchemy. He attacks it in a section of his Book of the
Remedy dealing with minerals, which was translated around !#'' by Alfred
of Sareshel as On the Solidification and Conglomeration of Stones.!# This little
Latin treatise acquired great prestige, in part because it was attached to the
Latin translation of Book IV of Aristotle’s Meteorology and appeared to be his.
Many Latin alchemical treatises begin with a rebuttal of the dictum found
in this treatise, “let the artificers of alchemy know that the species of metals
cannot be transmuted,” which came to be known by its introductory phrase,
sciant artifices. Partly as a response to Avicenna’s attack, medieval alchemy
became a vehicle for advocating the power of human art to replicate natural
products.

Despite Avicenna’s clear rejection of alchemy, however, alchemical texts
were attributed to him, such as The Book of the Soul in the Art of Alchemy.
In addition, there is the Letter to Hasen, a remarkable little work written in
a philosophical style, which contains valuable ruminations about the nature
of alchemical processes.!& The author of the Letter to Hasen derides the
unphilosophical character of alchemical recipe books and argues that the

!' Julius Ruska, “Übersetzung und Bearbeitungen von al-Razis Buch Geheimnis der Geheimnisse,”
Quellen und Studien zur Geschichte der Naturwissenschaften und der Medizin, " (!%&(), !(&–#&%.

!! Two versions of the Liber de aluminibus et salibus (TK !&$$) have been edited. See Robert Steele,
“Practical Chemistry in the Twelfth Century,” Isis, !# (!%#%), !'–"*; and Julius Ruska, Das Buch
der Alaune und Salze (Berlin: Verlag Chemie, !%&().

!# E. J. Holmyard and D. C. Mandeville, Avicennae de congelatione et conglutinatione lapidum (Paris:
Geuthner, !%#)).

!& The Latin title of the Letter to Hasen (TK !'&*) is often given as De re recta or, probably more
correctly, De re tecta. See H. E. Stapleton et al., “Two Alchemical Treatises Attributed to Avicenna,”
Ambix, !' (!%*#), "!–$#; and Georges C. Anawati, “Avicenne et l’alchimie,” Oriente e Occidente nel
Medioevo (Rome: Accademia Nazionale dei Lincei, !%)!), pp. #$(–&"!.
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only laboratory processes that can be effective in transmutation are those
that are modeled closely on principles derived from observations of natural
processes. This would have a major impact on Albertus Magnus and his
follower, the Latin author of the Summa perfectionis (Sum of Perfection), who
went under the name of “Geber.”

Among the most important Arabo-Latin alchemical translations was the
short but influential Emerald Tablet of Hermes, a list of oracular utterances
that begins “True, without doubt, certain, and most true, that which is
below is just as that which is above.”!" The earliest form of the Emerald
Tablet is found in Bāl̄ınas’s Book of the Secret of Creation. The text claims
to have been inscribed by Hermes on a massive emerald and buried in his
tomb between his hands. This “Hermes” is the “Hermes Trismegistus” of
late antiquity, a syncretic divinity of Greco-Roman Egypt who was often
claimed as the founder of alchemy. The content of the Emerald Tablet,
with its emphasis on the parallelism between the celestial and terrestrial
worlds, thus reflects late-antique Platonic and Hermetic interests.!( The
work is also found in the fabulously successful Secret of Secrets of pseudo-
Aristotle, originally an Arabic “Mirror of Princes,” which grew over time
into a sort of “occult encyclopedia.” Since the Secret of Secrets may have been
the most popular secular book of the Middle Ages, currently extant in over
six hundred Latin manuscript copies, it obviously gave the Emerald Tablet a
very wide distribution.!* The work exercised an immediate influence in the
Latin West, where it formed the basis of numerous commentaries, such as
the work On the Perfect Magistery, an early-thirteenth-century compilation
attributed sometimes to Aristotle and sometimes to Rāzı̄.!)

Already in On the Perfect Magistery one finds the notion that alchemy
is a “terrestrial astronomy,” an offshoot of the Emerald Tablet’s celestial–
terrestrial parallelism. The leading idea behind this trope, still evident in
the sixteenth century in the work of Tycho Brahe, is that the planets have
earthly cognates in the form of the seven known metals.!$ The force behind
this analogy lay in the fact that alchemists since late antiquity had used
the planets as Decknamen (“cover-names”) for the metals. In the Middle
Ages, this association grew stricter: Gold became the Sun, silver the Moon,
copper Venus, iron Mars, tin Jupiter, lead Saturn, and quicksilver Mercury.!%

!" Julius Ruska, Tabula smaragdina (Heidelberg: Winter, !%#*), p. #.
!( Ibid., pp. *–&$.
!* Charles B. Schmitt and Dilwyn Knox, Pseudo-Aristoteles Latinus (London: Warburg Institute, !%$(),

pp. ("–)(; and Steven J. Williams, The Secret of Secrets: The Scholarly Career of a Pseudo-Aristotelian
Text in the Latin Middle Ages (Ann Arbor: University of Michigan Press, #''&).

!) Pseudo-Aristotle, De perfecto magisterio (TK &""); and J. J. Manget, Bibliotheca chemica curiosa
(Geneva: Chouet et al., !)'#), vol. !, pp. *&$–(%. See also Julius Ruska, “Pseudepigraphe Rasis-
Schriften,” Osiris, ) (!%&%), &!–%", especially pp. "(–(*.

!$ Owen Hannaway, “Laboratory Design and the Aim of Science: Andreas Libavius versus Tycho
Brahe,” Isis, )) (!%$*), ($(–*!'.

!% Robert Halleux, Le problème des métaux dans la science antique (Paris: Les Belles Lettres, !%)"),
pp. !"%–*'.
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It is important to note, however, that the planetary Decknamen were only a
tiny sample of the huge store of obscure synonyms employed by alchemists
to veil their processes.#' Although some scholars have seen this “terrestrial
astronomy” as evidence of an integral linkage between alchemy and astrology,
the alchemical texts and recipes of the Middle Ages seldom refer to astrology
at all, and when they do, their references are usually cursory and sometimes
unsympathetic.

THE THIRTEENTH CENTURY

Although alchemy was known in the West from the mid-twelfth century,
serious attempts to assimilate the huge mass of Arabic writings on the subject
were not widespread until the first half of the following century. From this
time, one begins to see commentaries on and elaborations of the Arabic
translations, such as the important work On the Perfect Magistery attributed
sometimes to Aristotle and sometimes to Rāzı̄, and a closely related text also
going under the name of these two authors, the Light of Lights.#! Unlike
these works, the Art of Alchemy attributed to Michael Scot stems from an
identifiable location, namely the court of Frederick II von Hohenstaufen, the
Holy Roman Emperor (r. !#!(–('). The Art of Alchemy contains repeated ref-
erences to Elias of Cortona (!!$'–!#(&), minister general of the Friars Minor
from !#&# to !#&%, presaging an important link between the Franciscans and
alchemy that was to reach its full fruition in the following century.## The text
is a striking representative of the Razian genre of alchemical works devoted
to salts. Not content merely to catalog them, the author gives workable tests
for distinguishing salts from one another. He discriminates between saltpeter
and washing soda, which had both gone under the name “niter” (nitrum),
by observing their different properties when placed on a glowing coal, an
early predecessor of nineteenth-century blowpipe analysis.#& The presence of
this test in the early thirteenth century reveals that alchemists were keen to
employ experimental evidence in the classification and understanding of nat-
ural substances, a trait that becomes more evident as the century progresses.

#' E. O. von Lippmann, Entstehung und Ausbreitung der Alchemie, & vols. (Berlin: Springer, !%!%-
!%("), vol. !, p. !! et sparsim; and Julius Ruska and E. Wiedemann, “Beiträge zur Geschichte
der Naturwissenschaften, LXVII: Alchemistische Decknamen,” Sitzungsberichte der physikalisch-
medizinischen Sozietät in Erlangen, (* (!%#"), !)–&*.

#! For the Light of Lights (Lumen luminum, TK #%'), see Ruska, “Pseudepigraphe Rasis-Schriften,”
pp. (*–*).

## The Art of Alchemy (Ars alkimie, TK #$!) is edited in S. Harrison Thomson, “The Texts of Michael
Scot’s Ars alchemie,” Osiris, ( (!%&$), (#&–(%. See also Charles H. Haskins, “The ‘Alchemy’ Ascribed
to Michael Scot,” Isis, !' (!%#$), &('–%.

#& J. R. Partington, A History of Greek Fire and Gunpowder (Cambridge: W. Heiffer and Sons, !%*'),
pp. $)–%. See also Robert Multhauf, The Origins of Chemistry (London: Oldbourne, !%**), p. &&;
and Marcelin Berthelot, La chimie au moyen âge (Paris, !$%&; repr. Osnabrück: Otto Zeller, !%*)),
vol. !, p. %$.
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ALBERTUS MAGNUS

In the mid-thirteenth century, Latin alchemy underwent a new and powerful
treatment in On Minerals by Albertus Magnus (ca. !#''–!#$'). Drawing on
translations of Arabic alchemical texts such as the Letter to Hasen attributed
to Avicenna, the Seventy Books of Jābir, and the pseudo-Razian Book of
Alums and Salts, as well as Arnoldus Saxo’s encyclopedic On the Ends of
Natural Things and the Questions of Nicholas the Peripatetic, Albert subjected
alchemy to a probing, and yet sympathetic, critique.#" Although Albert
had no intention of writing an alchemical treatise as such, On Minerals
proved enormously influential in setting the agenda of subsequent alchemical
works. In On Minerals, for example, Albert takes a hint from Nicholas the
Peripatetic that many terrestrial substances contain a “two-fold unctuosity”
or sulfur, of which one part is extrinsic and flammable, the other intrinsic
and noncombustible.#( Albert goes on to say that evidence of this double
sulfur is found in most metals. Upon calcining (that is, oxidizing) silver, for
example, one notices a sulfurous stench – this is the extrinsic, flammable
sulfur passing off into the atmosphere. If the calx is then reduced, the silver
will be purer than before; it will still contain its intrinsic sulfur, but some
of the extraneous type will have been lost. Albert’s doctrine of extrinsic and
intrinsic sulfurs was refined and generalized by the most significant of the
thirteenth-century alchemical treatises, the Summa perfectionis of “Geber,”
which we shall describe shortly.

Although adopting the alchemical theory that metals are composed of
sulfur and mercury, Albert rejects the alchemical theory of the occult and the
manifest, which he attributes primarily to Hermes. Albert also denies that
gold can be the Aristotelian “form” of the other metals, which are, according
to “Callistenes” (Khālid ibn Yazı̄d), pseudonymous author of the Book of
Three Words, merely imperfect or diseased forms of the most noble metal.#*

Albert argues from experience that metals appear to be “stable”; under normal
circumstances, they do not become other metals. Similarly, each metal has
its own peculiar set of properties, from which we may conclude that the
accidents of the metals are not shared.

Nonetheless, Albert does not deny the possibility of alchemical transmu-
tation, and argues against the Avicennian pronouncement that the species of
metals cannot be transmuted (the sciant artifices). Conflating “species” with
“specific form,” Albert employs a well-established scholastic theory, to the
effect that one form can be corrupted and replaced by another, to argue that

#" See Robert Halleux, “Albert le grand et l’alchimie,” Revue des sciences philosophiques et théologiques, **
(!%$#), ()–$'. For the articles of Pearl Kibre on Albert and alchemy, see Halleux, Textes alchimiques,
p. ##.

#( William Newman, The Summa perfectionis of pseudo-Geber (Leiden: Brill, !%%!), pp. #!*–#'.
#* The Book of Three Words (Liber trium verborum, TK )*) is described in Ruska, “Pseudepigraphe

Rasis-Schriften,” pp. $!–).
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the form of a base metal can be removed and replaced with that of a precious
metal. Albert suggests that alchemists should act like physicians, first purging
the imperfect metals of the extrinsic sulfur and impurities by processes such
as washing and sublimation. Once this has been done, the alchemist can
strengthen the “elemental and celestial powers” in the metal’s substance, pri-
marily by adding the proper ingredients to the base metal. This preparatory
work will allow nature itself to perform the transmutation; the alchemist
merely provides the correct initial conditions that will permit nature to act.
One further condition must still be met, however. The alchemist should
design his “artificial vessels” – that is, his apparatus – to imitate the natural
vessels provided by caverns and interstices within the earth. The heat of the
alchemical furnace will then be able to act on the purged alchemical “first
matter” in the same way as the Sun and celestial heat act on unformed matter
within the earth to produce genuine precious metals.#)

The influence of Albert’s work on subsequent Latin alchemists would be
hard to overstate. In addition to spawning at least thirty pseudo-Albertine
alchemical writings, Albert’s On Minerals was a major source for the pseudo-
Jabirian Summa perfectionis, a classic text written in the final third of the
thirteenth century. Even works attributed to Roger Bacon, such as the
pseudonymous Brief Breviary, make use of key Albertine notions, such as
the concept of multiple sulfurs and mercuries within a given metal, some of
which are volatile and extrinsic, others fixed and intrinsic.#$ Before passing
to such works of the late thirteenth century, however, let us first consider
the alchemical interests of the genuine Roger Bacon, whose writings on the
subject are only a decade or so later than those of Albert.

ROGER BACON

The Opus maius, Opus minus, and Opus tertium of Roger Bacon (ca. !#!%–ca.
!#%#), all composed in the !#*'s at the behest of Pope Clement IV, reveal
the keen interest of this Franciscan friar in alchemy. His Letter on the Secret
Works of Art and Nature is also deeply concerned with alchemy, but this is
largely a compilation from the three Opera.#% Bacon divides alchemy into
“speculative” and “operative” branches. He argues that theoretical alchemy
teaches how “simple and compounded humors” arise from the elements. Like
many Arabic alchemists, Bacon argues that the fractional distillations taught

#) Albertus Magnus, De mineralibus, in B. Alberti Magni Ratisbonensis . . . opera omnia, ed. A. Borgnet,
&) vols. (Paris: Vives, !$%'), vol. (, pp. !–!!*. See also Albertus Magnus, Book of Minerals, trans.
Dorothy Wyckoff (Oxford: Clarendon Press, !%*)).

#$ For the dependency of the Brief Breviary (Breve breviarium, TK !$') on Albert’s De mineralibus, see
Newman, Summa perfectionis of pseudo-Geber, p. "*, n. $$.

#% William Newman, “The Philosophers’ Egg: Theory and Practice in the Alchemy of Roger Bacon,”
Micrologus, & (!%%(), )(–!'!; and Michela Pereira, “Teorie dell’ elixir nell’ alchimia latina medievale,”
Micrologus, & (!%%(), !'&–"$.
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by speculative alchemy allow a fundamental analysis of matter into its most
basic components. He is much impressed by an example from On the Soul in
the Art of Alchemy, where pseudo-Avicenna describes an alchemical analysis
of milk. Upon its distillation, a clear, tear-like substance “passes over” first.
This is the element of water. As the distillation continues, a yellow water
follows, and a black, burned substance is left in the flask. The yellow water
corresponds to air, the black residue to earth, and the smoky vapors that
appear during the process to fire.

In addition to such analyses into the four elements, Bacon claims that
the alchemists also teach about the different orders of humors, things that
have escaped both the physicians and the natural philosophers. Thus it is
the alchemists who have discovered that the four humors found in animals
are really compounds formed of four “simple humors” and that these simple
humors are in turn compounds formed from the elements. Since alchemy
reveals the ultimate nature of matter, Bacon argues, it is also the proper
source of knowledge about all the other things that descend from elemental
origins, such as precious stones, metals, pigments, salts, sulfurs, oils, and
burning pitches. In addition, vegetables, animals, and humans derive from
the humors, so that an ignorance of theoretical alchemy necessarily entails
ignorance of theoretical medicine, and thus failure in practical medicine.&'

If Bacon’s theoretical alchemy studies the foundation of matter, his prac-
tical alchemy teaches the manufacture of precious metals, pigments, and
other items of chemical technology. Practical alchemy, moreover, can even
surpass nature in the perfection of its products, making a knowledge of it
essential to the utilitarian needs of the commonwealth. Practical alchemy is
also useful by providing the key to making medicines of a far more perfect
sort than those currently available. Bacon envisages two roles for alchemy
in medicine, both related to the technology contained in alchemical texts,
especially the distillation technology of pseudo-Avicenna’s On the Soul in the
Art of Alchemy. The first role consists in purifying ordinary pharmaceuticals,
which Bacon views as having been adulterated by apothecaries. In his work
On the Errors of Physicians, Bacon is concerned among other things with
the removal of toxic components from otherwise beneficial medicines, such
as laxatives. He describes several methods of doing this that are explicitly
alchemical, such as sublimation and distillation.

The second role for alchemy in Bacon’s work concerns a veritable fixation
in his mind, namely the prolongation of human life (macrobiotics) by means
of substances that have been “reduced to equality” with the aid of alchemy.
Influenced above all by the Secret of Secrets of pseudo-Aristotle, Bacon argues
that alchemical medicines should be made out of the stratified fractions of
human blood, mercury, and other ingredients. These should then be exposed

&' Roger Bacon, Opus tertium, in Opera quaedam hactenus inedita, ed. J. S. Brewer (London: Longman,
Green, Longman and Roberts, !$(%), pp. &%–"!.
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to the influence of the stars and planets, preferably with the aid of burning
mirrors to concentrate the beneficial rays. The object is to produce a “body
of equal complexion”; that is, a substance whose elemental qualities are
perfectly balanced and that is therefore incorruptible. The incorruptibility
can then be transferred to the ailing bodies of humans or to a degenerate
metal.

Bacon’s macrobiotic program based on alchemy represents an important
development in the history of the subject. In this area, he foreshadows the
remarkable successes of medical alchemy in the following century, associated
above all with John of Rupescissa and pseudo–Ramon Lull. Curiously, the
alchemical pseudepigrapha circulating under Bacon’s name by the end of
the thirteenth century do not make much of his medical alchemy, focusing
instead on the traditional transmutational themes in his work.&! Given this
lack of documented influence, it is probably a mistake to view Bacon as the
progenitor of medical alchemy in the West, as Joseph Needham and others
have done.&#

Despite the high premium that Bacon placed on alchemy, it was not his
view of the subject that came to dominate the late thirteenth century but the
radically different theory of Albertus Magnus. Although Albert also draws a
parallel between medicinal cures and the perfection of base metals, for him
this is only a metaphor. In Albert’s On Minerals, there is never any question
of alchemical “medicines” actually being used to cure ailing humans. His
medicines are for metals alone. Hence the medical and macrobiotic aspect
of Bacon’s alchemy is completely absent from Albert’s work. Second, Roger’s
belief that alchemy should operate by producing an “equal body” from the
separated and purified humors derived from human blood finds no parallel
in the work of Albert. Indeed, Albert’s insistence on following the generative
methods of nature would seem a priori to exclude such operations from his
canon of accepted techniques. Nature does not make the precious metals by
separating human blood, so why should the alchemist?

THE SUMMA PERFECTIONIS OF “GEBER”

The same emphasis on following the methods of nature can be found in
the Summa perfectionis attributed to Geber, a work that has been called the
“main chemical textbook” of the medieval alchemists.&& The Summa was

&! William R. Newman, “An Overview of Roger Bacon’s Alchemy,” in Roger Bacon and the Sciences,
ed. Jeremiah Hackett (Leiden: Brill, !%%)), pp. &!)–&*.

&# Joseph Needham, Science and Civilization in China (Cambridge: Cambridge University Press, !%)"),
vol. (, pt. #, pp. !#–!(, )", !#&; and Michela Pereira, L’Oro dei filosofi (Spoleto: Centro Italiano di
Studi sull’ Alto Medioevo, !%%#), pp. "&–!!#.

&& George Sarton, Introduction to the History of Science (Baltimore: Carnegie Institution, !%&!), p. !'"&;
and Newman, Summa perfectionis of pseudo-Geber, pp. #!(–#&.
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apparently written in the last third of the thirteenth century, probably by an
obscure Franciscan named Paul of Taranto, who is said to have lectured in
Assisi.&" Although the work is organized in the typically scholastic genre of the
summa – a comprehensive compendium – the author has consciously set out
to appropriate the reputation of the Arab Jābir ibn Hayyān, for the Summa
perfectionis contains numerous literary borrowings and reworked passages
from the latter’s Seventy Books. The Summa became the most authoritative
medieval work on the purification and transmutation of metals, exercising a
lively influence as late as the seventeenth century.

Among the innovative teachings propounded in the Summa is an elabora-
tion of the Albertine and Avicennan notion that alchemy should follow the
techniques used by nature in generating metals. But the Summa perfectionis
also proscribes all “organic” reagents, such as blood, hair, and urine, and
restricts the ingredients of the alchemists’ transmutative agent, the philoso-
phers’ stone, to mercury, sulfur, and “arsenic” (arsenic sulfide), the presumed
components out of which nature fashions metals. In practice, however, the
Summa restricts the role of sulfur and arsenic so much that mercury becomes
the essential ingredient of the philosophers’ stone. This again is an attempt
to model alchemical techniques on the generative methods of nature using
the same ingredients as it does. “Geber’s” focus on mercury was to have a
massive influence on the remainder of the Middle Ages. As Lynn Thorndike
remarked, the dominant alchemical theory of the fourteenth century main-
tained that transmutation should proceed by means of “mercury alone.”&(

Thorndike was unaware of the Geberian origin of this idea, however, and
failed to see its link with the Albertine and Avicennian claim that alchemists
should limit themselves to processes based on the natural generation of
metals.

Interestingly, the Summa deviates from the model of Roger Bacon in
another way, avoiding all attempts to arrive at a proper tempering of elemental
qualities; the very discussion of such qualities is largely absent from the
work. Instead, the Summa propounds a comprehensive corpuscular theory
of matter with close links to experiment, whose subsequent influence will
still be evident among such seventeenth-century “corpuscularians” as Daniel
Sennert, Kenelm Digby, and Robert Boyle.&* As “Geber” says of sulfur
and mercury, “each of these . . . is of very strong composition and uniform
substance. This is so because the particles of earth are united through the

&" William Newman, “New Light on the Identity of Geber,” Sudhoffs Archiv, *% (!%$(), )*–%';
Newman, “The Genesis of the Summa perfectionis,” Archives internationales d’histoire des sciences,
&( (!%$(), #"'–&'#.

&( Lynn Thorndike, A History of Magic and Experimental Science, $ vols. (New York: Columbia
University Press, !%#&–!%($), vol. &, p. ($.

&* William Newman, “Boyle’s Debt to Corpuscular Alchemy,” in Robert Boyle Reconsidered, ed. Michael
Hunter (Cambridge: Cambridge University Press, !%%"), pp. !')–!$; and Newman, “The Alchemical
Sources of Robert Boyle’s Corpuscular Philosophy,” Annals of Science, (& (!%%*), (*)–$(.
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smallest [particles] to the aerial, watery, and fiery particles in such a way that
none of them can separate from the other during their resolution.”&)

This revealing passage refers to the fact that mercury and sulfur leave little
if any residue when they are sublimed. Their resistance to such analysis is
due to the “very strong composition” (fortissima compositio) of their elemen-
tary corpuscles. Already the term compositio, literally “setting side-by-side,”
implies that “Geber” thinks of sulfur and mercury as secondary particles
composed of the simpler elementary corpuscles. The sulfur and mercury are
of “uniform substance,” meaning primarily that they are composed of uni-
formly sized particles. This homogeneity allows all their particles to sublime
at the same rate, so that none is left behind to form a residue.

The Summa goes on to describe this corpuscular micro-mechanics in
greater detail when analyzing particular alchemical processes. In the case
of distillation, for example, small corpuscles (subtiles partes) pass off more
easily than large ones (grosse partes). For this reason, a nonhomogeneous
substance such as a mixture of different vegetable oils can be separated into
its constituents by means of distillation. Similarly, extreme heating of a base
metal in the process of calcination will drive off its tiny, volatile sulfur par-
ticles, leaving behind only a fixed, nonvolatile mercury combined with any
fixed sulfur that remains. Here “Geber” links his own corpuscular theory
to Albertus Magnus’s notion of extrinsic and intrinsic metallic principles,
explaining the escape of extrinsic sulfur in terms of particle size. Interest-
ingly, “Geber” treats the metallic corpuscles themselves as tertiary particles
composed of mercury and sulfur. For this reason, he is able to think of metals
as “homogeneous” despite the fact that they are made up of spatially distinct
subparticles. The sources for the Summa’s corpuscularism are mainly Book
IV of Aristotle’s Meteorology, the “natural questions” literature, and medical
theories deriving from the School of Salerno.

The immense influence of the Summa perfectionis was not limited to
its corpuscular theory and the doctrine of “mercury alone.” Basing himself
on vague hints from the Seventy Books of Jābir, “Geber” also originated
the groundbreaking theory of three orders of “medicines” for perfecting
metals. According to this theory, transmutative agents occur in three forms:
medicines of the first order work only superficial, temporary change, as
in the case of artificial gold (actually brass) made of copper and zinc oxide;
medicines of the second order produce real change, but only in one quality, as
when lead is purged of its sulfurous component by calcination; and medicines
of the third order genuinely transmute base metals into gold or silver. Since
“Geber” believes that the particles from which the metals are made diminish
in size with the perfection of the metal, his major goal is the acquisition of an
exceedingly subtle medicine whose particles can penetrate deeply into a base
metal and bond therewith. Although he gives no explanation for the fact

&) Newman, Summa perfectionis of pseudo-Geber, p. **&.
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that these subtle particles do not pass off when the precious metal is heated,
the answer probably lies in a vaguely stated concept of “like-to-like.” The
ultra-pure mercury of the philosophers’ stone will bond with the mercury
already resident in a base metal, as a result of their mutual affinity.

ALCHEMY IN THE LATE MIDDLE AGES

The Summa perfectionis represents the apogee both of alchemy in the high
Middle Ages and its interaction with scholasticism. The originality and
rigorous disputational form of the Summa, with its remarkable degree of
integration between theory and practice, was not to be equaled again in
the Middle Ages. Indeed, beginning in the final third of the thirteenth
century, one begins to see an increasing rejection of alchemy on the part of
religious and university authorities. Giles of Rome, for example, probably
writing in the !#$'s, attacked the possibility of alchemical transmutation in
a quodlibetal question. Among the religious orders, alchemy had become a
bone of contention and was condemned by the Dominicans in !#)#, !#$),
!#$%, and !&#&.&$ The Franciscans and Cistercians also prohibited alchemy in
their orders, a compelling testimony to the widespread presence of alchemical
practice in medieval monasteries.&% The anti-alchemical backlash received
papal support in John XXII’s decretal Spondent quas non exhibent (“They
promise wealth that they do not deliver”), promulgated in !&!)."' At the
end of the century, the prominent Inquisitor Nicholas Eymerich wrote a
comprehensive denunciation of alchemy, based in part on the Spondent, in a
treatise called Contra alchimistas (!&%*)."!

Unlike medicine and natural philosophy, alchemy had no institutional
home within the universities of the thirteenth century, and the increas-
ing censure led only to its further marginalization from the mainstream of
intellectual life. Nonetheless, the fourteenth century did witness a number
of rigorous defenses of alchemy by legal writers and alchemists. The well-
known canonist Oldrado da Ponte wrote a widely circulated consilium in the
early fourteenth century that defended the sale of alchemical gold. His views
were adopted by an impressive list of legal authorities."#

A far more sustained defense of alchemy is found in the work of an
otherwise obscure physician, Petrus Bonus, who wrote his lengthy Precious

&$ Ibid., p. &(.
&% Halleux, Textes alchimiques, p. !#); and C. Narbey, “Le moine Roger Bacon et le mouvement

scientifique au XIIIe siècle,” Revue des questions historiques, &( (!$$"), !!(–**.
"' Francesco Migliorino, “Alchimia lecita e illecita nel Trecento,” Quaderni medievali, !! (!%$!), *–"!;

cf. p. !(.
"! Sylvain Matton, “Le traité Contre les alchimistes de Nicolas Eymerich,” Chrysopoeia, ! (!%$)), %&–!&*.
"# Thorndike, History of Magic and Experimental Science, vol. &, pp. "$–(!; and Migliorino, “Alchimia

lecita e illecita nel Trecento,” pp. #%–"!.
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Pearl between !&&' and !&&%."& Petrus argues that alchemy is a legitimate off-
shoot of Aristotelian natural philosophy, to which it is subordinate. Natural
philosophy supplies alchemy with the theoretical principles that explain it
but are too general to guide alchemical practice by themselves. Alchemy,
being a more specific science than natural philosophy per se, can make a
more detailed investigation of minerals. At the same time, alchemy offers
something that natural philosophy cannot match at all, namely the claim
to be a “gift of God” (donum Dei) that only the “sons of doctrine,” an elite
few, can successfully attain. This well-worn motif, present in many Arabic
alchemical tracts and transmitted by the Seventy Books of Jābir, among oth-
ers, had already been elaborated by the Summa perfectionis. Petrus Bonus
develops it much further, however, claiming that the ancient alchemists were
also prophets who foretold such events as the Last Judgment and the birth
of Jesus Christ.""

Petrus Bonus’s defense of alchemy is an interesting mixture of Aristotelian
disputation and appeal to the special revelatory status of alchemy. As the
fourteenth century progresses, one sees ever more appeals to the divine sta-
tus of alchemy, whereas the clear argumentation of the previous century
dwindles. At the same time, the figurative character of alchemy becomes
more pronounced, as though in inverse relation to the disputational content
of the texts. The fourteenth century sees the transfer of older alchemical con-
ceits into actual visual imagery in such texts as the Book of Secrets attributed
to one Constantinus and translated into Flemish. As the fourteenth century
passes into the fifteenth, alchemical illustrations become ever more elabo-
rate, as in the Rising Dawn (Aurora consurgens) and the strange vernacular
Book of the Holy Trinity (Buch der heiligen Dreifaltigkeit) composed at the
Council of Constance. In these works, one finds the elaborate depictions of
the alchemical hermaphrodites, murdered kings and queens, dying crows,
copulating couples, and tail-eating dragons that become the favorite topoi of
early-modern alchemy."(

The rationalistic tradition of the Summa perfectionis did not die out in
the fourteenth century but was elaborated in numerous derivative texts. At
the same time, however, one sees an increasingly religious overlay applied
to what were originally philosophical and scientific doctrines, such as the
“mercury alone” theory and the doctrine of three medicines. This is not
surprising if one considers the writers to whom such fourteenth-century
texts are ascribed.

"& Petrus Bonus, Margarita pretiosa, in Manget, Bibliotheca chemica curiosa, vol. #, pp. !–$'. See
Crisciani, “Conception of Alchemy as Expressed in the Pretiosa margarita novella of Petrus Bonus
of Ferrara,” passim; and Thorndike, History of Magic and Experimental Science, vol. &, pp. !")–*#.

"" Crisciani, “Conception of Alchemy as Expressed in the Pretiosa margarita novella of Petrus Bonus
of Ferrara,” p. !)!; and Bonus, Margarita pretiosa, pp. &', ('.

"( For Constantinus, see Barbara Obrist, Constantine of Pisa: The Book of the Secrets of Alchemy:
Introduction, Critical Edition, Translation and Commentary (Leiden: Brill, !%%'). For the history of
alchemical imagery in the Middle Ages, see Obrist, Les débuts de l’imagerie alchimique (XIV–XV e

siècles) (Paris: Le Sycomore, !%$#).



Medieval Alchemy &%%

The Catalan physician Arnald of Villanova (!#"'–!&!!), who had a long
and brilliant medical career under the kings of Aragon, fell under the
reformatory influence of the Spiritual Franciscans and became an expo-
nent of the twelfth-century prophet Joachim of Fiore, who had chosen to
express himself in the form of elaborate pictorial figures."* Thus Arnald
composed his own prophetic works, such as The Coming of Antichrist (De
adventu antichristi), which predicted the appearance of the Great Beast in
!&)$. Although it is highly unlikely that the genuine Arnald of Villanova
ever wrote an alchemical text as such, it is no surprise that his alchemically
minded followers would have made him the representative of a school that
stressed the interaction of alchemy and religion. Several treatises attributed
to Arnald, such as the Exempla or Parabolae, compare the “great work” of
the alchemists to the life and death of Jesus. Here a detailed comparison is
made between the transformation of mercury and the passions or torments
of Jesus. Just as Jesus was first scourged until he bled, made to wear a crown
of thorns, nailed to the cross, and finally treated to gall and vinegar, so must
mercury be tortured in four stages.")

Arnald’s peculiar interests – Joachite prophecy, medicine, and the refor-
matory zeal of the Spiritual Franciscans – were combined with alchemy in
a most fruitful way by a follower of the next generation, John of Rupescissa
(Jean de Roquetaillade). Rupescissa is famous to medieval historians for his
large corpus of Joachite prophecies, mostly written during the !&"'s and
!&('s. He also wrote two alchemical works, however, the Book of Light (TK
#(() and Book of the Consideration of the Quintessence of all Things (TK "($).
The latter contains the first sustained attempt to apply alchemical techniques
to medicine and is justifiably famous as a source for the early-modern iatro-
chemistry of Paracelsus. Its huge popularity is reflected in the fact that well
over one hundred manuscripts of the work survive today. Unlike the medical
alchemy of Roger Bacon, John’s work gives detailed recipes for extracting the
virtues and quintessences of numerous minerals, metals, and plants, often
with the aid of aqua ardens or aqua vite (ethyl alcohol) and the mineral acids.
Writing under the influence of Arnald of Villanova’s possibly genuine work
On the Water of Life, John argued that specially purified aqua ardens was an
earthly analogue of the Aristotelian quintessence. Like the quintessence, this
earthly “human heaven” (coelum humanum) was incorruptible. Not only
was it incapable of generating flies by spontaneous generation; it actually
preserved dead flesh from putrefaction. Hence it should provide an ideal
medicine for prolonging life and warding off disease.

In the Book of the Quintessence, John complains that he wasted five
years at the University of Toulouse studying the “useless disputes” of

"* Michael McVaugh, Arnaldi de Villanova opera medica omnia, Aphorismi de gradibus, !* vols.
(Granada-Barcelona: Seminarium historiae medicae granatensis, !%)(), vol. #, pp. )(–$'. For the
alchemical corpus ascribed to Arnald, see Halleux, Textes alchimiques, p. !'(; Michela Pereira,
“Arnaldo da Villanova e l’alchimia,” Arxiu de Textos Catalans Antics, !" (!%%(), %(–!)"; and Antoine
Calvet, Le Rosier alchimique de Montpellier (Paris: Université de Paris-Sorbonne, !%%)).

") MS Venice, San Marco VI, #!", fols. !*)v–!*$r.
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philosophy."$ In !&&#, John became a Franciscan, and continued his studies
for five more years. Soon he fell under the influence of reformatory cur-
rents promoting ecclesiastical poverty, probably inspired by the Beghards.
Prophetic visions led him to issue a series of diatribes against the venality
of the members of the religious orders, especially the Dominicans, whom
he called “heretical followers of Mammon.”"% His intransigent appeals to
absolute poverty were not well received within his own order; in December
!&"", he was sent to a succession of gruesome prisons, where he spent at least
the next twenty years.('

But it is John’s alchemical works that give us the most information about
his plans for the righteous.(! The Book of the Quintessence records a vision
that revealed to him the secrets of alchemy after seven years in prison. As a
result of his vision, John says, he has written his work of medical alchemy
in order to help the righteous – especially Franciscans – during the coming
time of tribulation. This is a reference to a recurrent theme in his prophetical
works – the notion that between !&)' and !"!( there will be forty-five years
of horrible bloodshed resulting from the coming of the Antichrist, followed
by a millennium of peace under the rule of a universal monarch. A similar
theme is proposed in his alchemical Book of Light, where he reveals the secret
of the philosophers’ stone as a means of saving oneself during the time of
tribulation. In the Book of the Quintessence, John also points out that people
can hide their gold from the forces of the Antichrist by reducing the metal
into “earth” with the aid of mercury.

John, then, views alchemy as a means of protecting the righteous down-
trodden from the premillennial fury of the Antichrist while the proud dig-
nitaries of the church get their just desserts. This message is accompanied
by a full-fledged integration of alchemy and prophecy and an association
between the “evangelical men” of his religion and the “sons of doctrine” of
Arabic alchemy. In sum, John of Rupescissa has fully assimilated alchemy
into the social and reformatory ideology of the Spiritual Franciscans. His
eschatological goals, coupled with his disdain for university education, illus-
trate the great change in outlook between his alchemy and that of “Geber”
a mere generation or two earlier.

A similar integration of alchemy with religious themes characterizes the
huge corpus ascribed to the Catalan philosopher and Franciscan tertiary (or
lay brother) Ramon Lull, which numbers over one hundred forty separate

"$ Jeanne Bignami-Odier, “Jean de Roquetaillade,” in Histoire littéraire de la France, Académie des
inscriptions et belles-lettres, "& vols. (Paris: Imprimerie nationale, !%$!), vol. "!, pp. )(–#'%;
cf. pp. )*–).

"% Ibid., pp. !'#–&.
(' Ibid., pp. ))–$".
(! Robert Halleux, “Les ouvrages alchimiques de Jean de Rupescissa,” in Histoire littéraire de la France

(Paris: Imprimerie nationale, !%$!), vol. "!, pp. #"!–$"; and Bignami-Odier, “Jean de Roquetaillade.”
See also Leah DeVun, Prophecy, Alchemy, and the End of Time: John of Rupecissa in the Late Middle
Ages (New York: Columbia University Press, #''%).
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titles.(# The oldest of these works, the Testament, may have been composed
as early as !&&#.(& Since the genuine Ramon Lull died in !&!( and is known to
have disparaged alchemy in his works, his authorship of any alchemical work
is doubtful at best. The Testament of pseudo-Lull, despite its pseudonymous
character, betrays the characteristic stamp of what has come to be viewed
as the Lullian school of alchemy. Like the genuine philosophical works of
Lull, the Testament contains circles and other diagrams with letters that
symbolize various concepts and substances. This is a version of Lull’s famous
“combinatory art,” which acted as a sort of mnemonic technique as well as
being a method for the mechanical combination of concepts. One of the
more interesting characteristics of this influential work may be found in its
elemental theory. The author of the Testament argues that the four elements
that we encounter in the world are not pure but corrupted. The Creator
fashioned the universe by first making a quintessence ex nihilo.(" He divided
the quintessence into three portions of descending purity. The purest became
the realm of the angels, the less pure was relegated to the “heavens, planets,
and stars,” and the third portion, least pure, became the sublunary elemental
world.

A similar ranking occurs in the elemental world, for the Creator divided
the substance of the elements into five parts. The purest is called the
“quintessence of the elements,” followed in descending order by fire, air,
water, and earth. According to pseudo-Lull, these elements were origi-
nally “pure and clear by reason of the clear part of nature”;(( that is, the
quintessence. But as a result of the Fall they have been corrupted, and indeed
they grow more corrupt daily as the Last Judgment approaches. When the
end of the world arrives, the world will be consumed in a vast conflagration,
and all that “is not of the purity of the elements . . . will be poured into the
abyss.”(* Only the pure, transparent elements, unmarred by terrestrial putre-
faction, will remain, untouched by the fire of the Last Judgment at the end
of time. The philosophers’ stone itself, which has the power of bestowing
incorruptibility, must be made from such incorruptible, central elements.
Just as the pure elements will be able to withstand the final conflagration, so
will a metal transmuted by the pure elements survive the assayer’s fire. The
twin themes of a Creator God who makes the world by a process involv-
ing alchemical separation and of an eschatology also pictured in terms of
alchemy were to have significant repercussions in the early-modern period,
when Paracelsus, for example, made them the basis of his own “spagyric”
interpretation of the Bible.

(# Michela Pereira, The Alchemical Corpus Atributed to Ramon Lull (London: Warburg Institute, !%$%).
(& Ibid., p. &.
(" Michela Pereira and Barbara Spaggiari, Il “Testamentum” alchemico attribuito a Raimondo Lullo

(Florence: SISMEL-Edizioni del Galluzo, !%%%), pp. !#–!".
(( Ibid., p. !".
(* Ibid., p. !*.
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The religious focus of the pseudo-Lullian corpus is emphasized in another
way by the work On the Secrets of Nature (TK "'$), which contains a
dialogue between the supposed Ramon Lull and a Benedictine monk. The
monk convinces Ramon, who is weeping dejectedly, to turn his alchemical
talents to curing the afflictions of the diseased.() All of this is in fact a
framing device allowing the pseudepigrapher to incorporate large chunks of
John of Rupescissa’s On the Quintessence directly into his own work. In fact,
pseudo-Lull’s On the Secrets of Nature served as an extremely important point
of diffusion for Rupescissa’s text since the mystique of the Lullian art added
an additional novelty to Rupescissa’s straightforward exposition. The huge
vogue of Lullism among writers on natural magic and occult philosophy
in the fifteenth and sixteenth centuries, such as Cornelius Agrippa von
Nettesheim, served to popularize these works of pseudo-Lullian alchemy
still further.

CONCLUSION

Medieval Latin alchemy developed in three stages. The first stage, transla-
tion – primarily from Arabic into Latin – was followed by a second period,
in which the philosophical fruits of scholasticism were applied to an under-
standing of alchemical transmutation and its implications for matter theory.
In the third stage, alchemy gradually dissociated itself from the university
context, as religious motifs and figurative forms of expression grew ever more
dominant. All three stages present a variety of historiographical problems,
which will remain unsolved until the relevant manuscripts are examined and
the texts edited. The most pressing problem concerns the identities of the
alchemical authors since the vast majority chose to write under pseudonyms.
In most cases, we do not even know the geographical locations in which
alchemical texts were composed, much less the identity of their authors
or the contexts in which they were writing. The role of alchemy in extra-
university settings such as monasteries and courts could provide material for
a host of local studies, but only when manuscript and archival sources are
exploited fully.

Another problem concerns the evolution and dispersion of alchemical
techniques in technologies such as metallurgy and the refining of miner-
als. Alchemical recipes are also clearly related to the medieval industries
of pigment making, assaying, salt manufacture, and pharmaceuticals, but
the precise relationship between alchemy and these commercial enterprises
remains to be established.

() Michela Pereira, “Filosofia naturale lulliana e alchimia,” Rivista di storia della filosofia, " (!%$*),
)")–$'.
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Finally, the link between the alchemy of the Middle Ages and early-
modern science casts new light on the old issue of continuity, or the lack
thereof, between the two periods. The corpuscular theory of “Geber” and the
alchemical medicine of John of Rupescissa are but two examples of medieval
innovation in alchemy that would have a remarkably successful afterlife in
the early-modern period. One may also point to the extensive alchemical
literature denying an essential and necessary difference between products
of human art and those of nature. This theme, adopted by Francis Bacon
in the early seventeenth century, continued to find striking echoes in the
work of Robert Boyle and Isaac Newton. In the realm of experiment, the
identity of artificial and natural products had important implications since it
meant that alchemists were not inclined to view the artificial constraints of an
experimental situation as producing an “unnatural,” and hence invalid, result.
The role of medieval alchemy in nurturing an incipient experimentalism
points to the need to revise the traditional identification of medieval science
with a supposedly nonexperimental, academic natural philosophy.($

($ This is a major theme of William R. Newman, Promethean Ambitions: Alchemy and the Quest to
Perfect Nature (Chicago: University of Chicago Press, #''"); see particularly chapter (, pp. #&$–$%.
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COSMOLOGY

Edward Grant

Cosmology was not an independent discipline during the late Middle Ages
but an undifferentiated part of the broad domain of natural philosophy. Dur-
ing the early Middle Ages, from approximately ('' to !!(', Plato’s Timaeus,
which was available in an incomplete Latin translation by Chalcidius (fl.
fourth or fifth century), was the primary source of cosmological knowl-
edge. During the twelfth and thirteenth centuries, however, a Greco-Islamic
storehouse of natural philosophy and science reached Western Europe in the
form of Latin translations from Greek and Arabic. Among these translations,
Aristotle’s works on natural philosophy were of the utmost importance since
they provided the primary basis for late-medieval cosmology. Among the
natural books of Aristotle, only his treatise On the Heavens (De caelo) can
be regarded as a cosmological work, although significant cosmological ideas
appear in his Physics, Metaphysics, and Meteorology. Aristotle devotes the first
two books of De caelo to the celestial region and the last two to the four
terrestrial elements that exist below the Moon.

Apart from commentaries on Aristotle’s De caelo, cosmological ideas and
discussions were also embedded in translations on natural philosophy, astron-
omy, astrology, and even medicine. Particularly noteworthy is the first chapter
of Claudius Ptolemy’s (ca. !''–ca. !)') Almagest, which contained widely
cited arguments about the immobility of the Earth. Ptolemy also wrote a
work titled Hypotheses of the Planets, in which he showed how the eccentric
and epicyclic celestial orbs might be arranged in the heavens. Although ideas
from the latter work would have a large impact on medieval cosmology, the
work itself was not translated into Latin during the Middle Ages, leaving the
manner in which it influenced the West a mystery.!

! For a German translation of the two books of Hypotheses of the Planets, see Ptolemy, Opera
quae exstant omnia, vol. #: Opera astronomica minora, ed. J. L. Heiberg (Leipzig: Teubner, !%')),
pp. *%–!"(. For part of Ptolemy’s treatise that is missing from the Greek text and German translation,
see Bernard R. Goldstein, “The Arabic Version of Ptolemy’s Planetary Hypotheses,” Transactions of
the American Philosophical Society, n.s. (), pt. " (!%*)), !–((.
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In addition to the basic works just cited, a number of authors within
Islamic civilization, not all of whom were Muslims, made significant con-
tributions to cosmological thought. In this group are Averroes (Ibn Rushd,
!!#*–!!%$), Avicenna (Ibn Sı̄nā, %$'–!'&)), Alhacen (Ibn al-Haytham, %*(–
ca. !'&%), al-Farghani (d. after $*!), al-Farabi (ca. $)'–%('), a Sabean star
worshiper named Thābit ibn Qurra ($&*–%'!), and the Jewish author Moses
Maimonides (!!&(–!#'"). To this Arabic corpus should be added the Latin
literature of the early Middle Ages, contributed by a group known collec-
tively as the Latin encyclopedists, who are noteworthy because they preserved
some cosmological ideas and interpretations from the ancient world during
the darkest period of Western intellectual life (see Burnett, Chapter !", this
volume).

The natural books of Aristotle became the core of the curriculum in
the arts faculties in the medieval universities, the earliest of which were in
existence by around !#''. The commentaries on these Aristotelian works,
which constitute the major source of our knowledge of medieval cosmology,
took two forms. The first and original form was a straightforward textual
commentary in which the text is explained sequentially, section by section.
The second type is called the questio method and is the more significant. Each
Aristotelian treatise was divided into a series of questions, with each question
in turn discussed according to a stylized format that allowed a thorough
consideration of the issues. Jean Buridan (ca. !#%(–ca. !&($), perhaps the
greatest arts master in the Middle Ages, divided his Questions on “De caelo”
into fifty-nine questions, devoted overwhelmingly to the first two books
on the celestial region, reflecting its greater importance. Among Buridan’s
questions on the celestial region are the following:#

Whether the sky [or heaven] has matter.
Whether the world is perfect.
Whether an infinite body is possible.
Whether it is possible that there are several worlds.
Whether there is something beyond the sky [or heaven].
Whether the whole earth is movable.
Whether the sky is always moved regularly.
Whether the [planets and] stars are self-moved or moved by the motions of

their spheres.
Whether the earth is spherical.

Buridan’s questions on Aristotle’s On the Heavens were typical of the
kinds of questions on that treatise posed by natural philosophers. Works by
authors other than Aristotle also contributed to the medieval understanding
of cosmology. Included within this category are the commentaries of Averroes

# The titles of these questions are drawn from my translations of the titles of all fifty-nine questions in
A Source Book in Medieval Science, ed. Edward Grant (Cambridge, Mass.: Harvard University Press,
!%)"), pp. #'&–(. I have altered the translation of the eighth question in the sequence.
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on the works of Aristotle, John of Sacrobosco’s Treatise on the Sphere and
the commentaries on it, and the Commentaries on the “Sentences” of Peter
Lombard (d. ca. !!*'). The four books of the Sentences (or Opinions) of Peter
Lombard – God, the Creation, the Incarnation, and the Sacraments – served
as the basic theological textbook from around !#'' to !)''. Cosmological
issues arose most frequently in the second book, which treated the Creation.

Our knowledge of medieval cosmology is derived primarily from the
hundreds of questions, and, to a lesser extent, commentaries, that medieval
natural philosophers and theologians have left us on all of these treatises,
especially those on Aristotle’s natural books. Responses to these questions
varied among scholastic authors between the thirteenth and sixteenth cen-
turies. Occasionally, new questions were proposed. Some were prompted by
the Condemnation of !#)) issued by the bishop of Paris. A number of natural
philosophers and theologians at the University of Paris took cognizance of
condemned articles in formulating their questions and responses. Changes
in medieval Aristotelian cosmology were thus under way long before the
assault on the geocentric world began in the sixteenth century.

It might seem that a major source of cosmological discussion would be
astronomical treatises. In the ancient and medieval periods, however, cos-
mology was a subject studied primarily by natural philosophers, not mathe-
matical astronomers. Following a well-established Greek tradition, the roles
of astronomer and physicist were distinguished, sometimes explicitly and
sometimes simply by the way astronomers and natural philosophers treated
the celestial region. The astronomer sought to account for astronomical
phenomena by appropriate, though not necessarily true, hypotheses from
which one could readily predict planetary positions, as well as eclipses, con-
junctions, and oppositions. By contrast, the task of the natural philosopher
was to determine the essential nature and structure of the heavens: what
they were made of, how they moved, how they were arranged and why, the
influences they might exert on earth, and so on. Problems such as these were
rarely treated in astronomical works, where they would have been regarded
as inappropriate.

During the Middle Ages, cosmology was primarily a subdivision of Aris-
totelian natural philosophy. Moreover, natural philosophy, or physics, was
considered superior to traditional astronomy since the former concerned
itself with the real operations and structure of the world, whereas the lat-
ter need not and often did not. Despite this alleged difference, a number
of astronomers in the late Middle Ages included cosmological problems in
their astronomical treatises and also sought physical causes for celestial phe-
nomena. During the sixteenth century, physics and astronomy became more
widely integrated, as more and more astronomers came to realize that math-
ematical astronomy needed to expand its horizons. In the first quarter of the
seventeenth century, Johannes Kepler was the most noteworthy astronomer
to call for the necessary integration of natural philosophy and astronomy.
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The terms mundus and universum were used rather indifferently to refer
to the world, or cosmos, as a whole. That world was regarded as a large,
finite, unique sphere that was everywhere filled with matter, thus making
the formation of vacua impossible. From the outermost convex surface of
the world to its geometrical center, cosmic matter was arranged in a vast
hierarchy of nested orbs, which contained planets, elements, and compound
bodies. But the nested orbs of the cosmos were not a seamless continuum.
In Aristotle’s cosmology, the world was divided into two radically different
parts, one celestial, the other terrestrial. The properties and activities of these
two domains differed dramatically. Before describing these two parts, it will
be well to consider one monumental problem about the world taken as a
single totality: Was it created or eternal?

IS THE WORLD CREATED OR ETERNAL?

From Holy Scripture (Gen. !:!–#; John !:#–& and !):(), Christians learned
that the world was created supernaturally and would eventually be destroyed
supernaturally. Despite the absence of any explicit statement in Jewish,
Christian, or Muslim scriptures that the world was created “from nothing”
(ex nihilo), creation from nothing had been widely assumed since the second
century. Its appeal was obvious in that a God able to create a world from
nothing would seem, prima facie, a more powerful deity than one who, like
the Demiurge in Plato’s Timaeus, did not and could not.&

In the fourth canon promulgated at the Fourth Lateran Council in !#!(,
creation from nothing was made Christian doctrine. Aristotle’s natural books,
introduced in the twelfth and thirteenth centuries, proclaimed the contrary
message that the world could not have had a beginning and could never come
to an end. In Aristotle’s philosophy, it was impossible for matter or substance
to come from nothing. The clash of these opinions was a major problem
in the thirteenth century, especially at the University of Paris. The issue
climaxed in !#)), when the bishop of Paris, following the recommendations
of a committee of theologians, condemned #!% articles, of which many –
at least #) – were directed against the eternity of the world. The following
condemned articles convey something of the flavor of the controversy:"

%'. That a natural philosopher ought to deny absolutely the newness [that
is, the creation] of the world, because he depends on natural causes and
natural reasons. The faithful, however, can deny the eternity of the world
because they depend upon supernatural causes.

& See Edward Grant, Planets, Stars, and Orbs: The Medieval Cosmos, 1200–1687 (Cambridge: Cambridge
University Press, !%%"), pp. $%–%'.

" The articles are cited from Grant, Source Book in Medieval Science, pp. "$–%.
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%&. That celestial bodies have eternity of substance but not eternity of
motion.

%". That there are two eternal principles, namely the body of the sky and its
soul.

%$. That the world is eternal because that which has a nature by [means
of] which it could exist through the whole future [surely] has a nature by
[means of] which it could have existed through the whole past.

Throughout the Middle Ages, the creation of the world from nothing
was an article of faith. Different interpretations were, however, still possible.
Three opinions found varying degrees of support. Some scholars, such as
St. Bonaventure (!##!/!###–!#)"), Richard of Middleton (fl. second half
of the thirteenth century), and Henry of Ghent (d. !#%&), argued that the
creation of the world was capable of rational proof. Others, such as Nicole
Oresme (ca. !&#'–!&$#), insisted that in terms of reason the world should be
regarded as eternal because no natural agent could be invoked to account
for its beginning. Nevertheless, we must accept on faith that the world was
created by God from nothing.( In the middle was Thomas Aquinas (!##(–
!#)"), who argued that no rational proof was possible for either side but
insisted that God could have willed the existence of the world without also
causing it to have a temporal beginning, thus producing, if He wished, a
world that was both created and eternal.* This opinion, which sought to
reconcile the Aristotelian view of an uncreated world with the Christian
belief in a created world, was the most popular of the three.

THE TWO PARTS OF THE WORLD:
CELESTIAL AND TERRESTRIAL

In his Meteorology (Book I, Chapter #), Aristotle speaks clearly of a world
that is divided into two radically different parts. The first, or celestial, part
consists of “one element from which the natural bodies in circular motion are
made up.”) That element was a special incorruptible ether, or fifth element,
from which all the planets, stars, and orbs were composed. It ranged from the
concave surface of the lunar orb upward to the outermost celestial orb, which
by the late Middle Ages extended beyond the sphere of the fixed stars, the

( See The Questiones super De celo of Nicole Oresme, ed. and trans. Claudia Kren (PhD diss., University
of Wisconsin, !%*(), bk. !, qu. !', pp. !"$–('.

* For a discussion of these issues, see St. Thomas Aquinas, Siger of Brabant, and St. Bonaventure, On
the Eternity of the World (“De Aeternitate Mundi”), translated from the Latin with an introduction
by Cyril Vollert, Lottie H. Kendzierski, and Paul M. Byrne (Milwaukee, Wis.: Marquette University
Press, !%*"), pp. "–!).

) Aristotle, Meteorologica, I.#.&&%a.!!–!#, trans. H. D. P. Lee (London: William Heinemann; Cam-
bridge, Mass.: Harvard University Press, !%*#), p. ).
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limit of Aristotle’s cosmos, all the way to the empyrean heaven, a Christian
creation perceived as an abode for God and the elect.

The second, or terrestrial, region consists of “four other physical bodies
produced by the primary qualities [that is, hot, cold, dry, and moist], the
motion of these bodies being twofold, either away from or towards the
centre. These four bodies are fire, air, water and earth.”$ The terrestrial
region extends downward from the concave surface of the lunar orb to
the center of the Earth, an Earth assumed to be spherical. By contrast
to the celestial region, the part of the world below the lunar orb was a
realm of incessant change. Although the celestial and terrestrial regions
differed radically, Aristotle assumed that the two regions were continuous,
and, because the heavens were nobler and more perfect, he further argued
that the motions of the celestial region governed the movements and changes
of bodies in the terrestrial region.% These two distinct parts, celestial and
terrestrial, made up the physical world. Let us examine them more closely.

As we saw, all motions and activities of physical bodies in the terrestrial
region were governed from the celestial region. By virtue of the heat from
the Sun’s rays, elements continually interact, forming compound bodies that
eventually degenerate and release their elements to form new compounds
in a never-ending cycle of generation and corruption. If the Sun failed
to provide its life-giving heat, the four elements would sort themselves
out into four static, concentric rings in the following order: earth, water,
air, and fire. This fails to occur because the elements continually combine
and dissociate, thereby producing generation and corruption. Change in
general, or generation and corruption, the coming to be and passing away of
things, occurs in all physical substances because the matter in each substance
possesses a form or quality that is replaceable by its contrary. For example, fire
possesses the properties of hotness and dryness. If the hotness were replaced
by its contrary quality, coldness, the fire would be transformed into earth,
with the properties of dryness and coldness. Generation and corruption, and
therefore all change, involves the possession of one, and the expulsion of
the other, of a pair of contrary qualities.!' When an element, say earth, is
transformed into fire, it moves toward the region of the sublunar world in
which fire predominates, namely just below the concave surface of the lunar
sphere. Although the world never sorts itself out into four static concentric
rings, it does retain a structure of natural places that corresponds to the
following arrangement: earth, water, air, and fire.

When compared with the size of the firmament, the Earth was regarded
as no more than a point. Nevertheless, it had a measurable size. At least three
estimates for its circumference circulated during the late Middle Ages, the

$ Ibid., I.#.&&%a.!#–!*.
% Ibid., I.#.&&%a.##–#".

!' See Grant, Planets, Stars, and Orbs, pp. !%&–".
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smallest of which, #',"'' miles (of Arabic origin), was used by Christopher
Columbus (!"(!–!('*) in seeking patronage for his voyage of discovery to
America.!! The Earth was unanimously regarded as roughly spherical. Aris-
totle himself provided proofs of this claim. In Aristotle’s natural philosophy,
the round Earth lay immobile at the center of the world. In the Middle Ages,
this simplistic model yielded to one in which the Earth’s status became more
complex.

Two major problems about the Earth affected cosmological discussions:
(!) Was the Earth, located at the center of the world, the center of all
planetary orbits? And (#) was the Earth really immobile? Aristotelian cos-
mology, as reinforced by the ideas of his commentator Averroes, required
that every celestial orb rotate around a physical body situated at its center. In
a system in which all physical orbs were concentric, the Earth fulfilled this
essential function. The realities of astronomy, however, made this untenable.
Observed variations in the brightness of each planet made it apparent that
the distance of a planet from the Earth varied, from which it followed that
the Earth could not be the physical center of the planetary orbits. Aristotle’s
Earth-centered concentric astronomy was replaced by Ptolemy’s system of
eccentric orbs in which the Earth, though still situated at the center of the
world, was no longer the center of planetary motions.

But if the Earth lay at the center of the world, was it really immobile? In
the thirteenth century, John of Sacrobosco simply assumed that the “earth
is held immobile in the midst of all” because “the center is a point in the
middle of the firmament. Therefore, the earth, since it is heaviest, naturally
tends toward that point.”!# By the fourteenth century, however, Jean Buridan
attributed real but minute motions to the Earth. Buridan assumed that, under
the influence of geological changes caused ultimately by solar heat, the Earth’s
density was differentially altered, thus causing continuous shifts of its center
of gravity. Since the Earth always sought to rest in its natural place at the
geometric center of the universe, it continually shifted its position until its
center of gravity coincided with the geometric center. In this manner, the
Earth oscillated perpetually around the geometric center of the world.

Buridan, and, a few years later, Nicole Oresme, contemplated an even more
daring concept of terrestrial motion when they considered whether the daily
rotation of the heavens might not derive from a real daily axial rotation of the
Earth. For different reasons, both eventually rejected this alternative but in
the process proposed cogent arguments for believing in axial rotation, some
of which appear in Copernicus’s De revolutionibus orbium caelestium. On one
momentous point they agreed: If the earth did actually rotate daily on its axis
while the heavens remained immobile, the astronomical phenomena would

!! Ibid., pp. *#'–!.
!# Lynn Thorndike, The “Sphere” of Sacrobosco and Its Commentators (Chicago: University of Chicago

Press, !%"%), p. !##.
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be saved just as well as if the Earth were immobile and the heavens moved
with a daily rotation. Their arguments included appeals to the relativity of
motion and economy of effort, the latter exemplified by the much smaller
velocity required for the Earth to complete a daily rotation.

Phenomena such as comets, meteors, and even the Milky Way posed
special problems for Aristotle, who argued (in his Meteorology) that they did
not occur in the celestial region but were located in the upper atmosphere
between the Earth and Moon, in the natural places of air and fire. He assumed
that the fiery and airy regions were carried around by the celestial revolutions
and that under certain conditions parts of the dry and warm exhalations of
the upper atmosphere might ignite. These burning exhalations formed a
variety of phenomena # comets, shooting stars, and the Milky Way – that
appeared celestial but were not. They were phenomena that Aristotle regarded
as corruptible and transient, though recurrent. By confining them to the
upper atmosphere, Aristotle reserved incorruptibility for the celestial region.
Medieval natural philosophers such as Thomas Aquinas, Albertus Magnus
(ca. !#''–!#$'), Aegidius of Lessines (ca. !#&(–ca. !&'"), Geoffrey of Meaux
(fl. !&!'–"$), and others, agreed with Aristotle on the sublunar location and
corruptible nature of comets and the other phenomena discussed. Only the
significance of comets for human existence varied from author to author.

When natural philosophers made the mental leap beyond the invisible
concave surface of the lunar sphere, leaving behind the upper atmosphere,
they entered another world, one that bore little resemblance to the region
below. To terrestrial observers, the planets and stars appeared to be self-
moved, in the manner of fish in water or birds in air. In the ancient
world, Plato assumed self-motion for the planets, attributing the motion
of each planet to its own soul. Aristotle, however, denied self-movement
and argued for the existence of transparent, invisible spheres to which the
celestial bodies were attached or in which they were enclosed. The spheres
were invisible, but the celestial bodies they carried were readily observable.
Why? Although planets, stars, and orbs were all composed of the same
transparent ether, stars and planets were visible because each celestial body
was a region of highly concentrated ether that was capable of receiving
light and becoming self-luminous or, for those who considered the celestial
bodies opaque, of reflecting light from the Sun. Medieval natural philoso-
phers largely agreed that the planets, and probably the stars, received their
light from the Sun, with a few further assuming that the planets were also
weakly self-luminous.

ARISTOTLE AND PTOLEMY

The natural rotary motion of the celestial spheres, or orbs, produced the
observable circular motion of every visible celestial body. Although the terms
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“sphere” (sphera) and “orb” (orbis) were used interchangeably in the Middle
Ages, Pierre d’Ailly (!&('–!"#'), among others, recognized an important
distinction between them when he observed that “properly speaking” an
orb is enclosed by two surfaces, one concave and the other convex, but a
sphere is contained solely by a single convex surface.!& Following d’Ailly’s
distinction, we may say that the multitude of fixed stars were attached to
a single sphere, whereas each planet was carried around by its own orb.
Not only was each planet assumed to possess its own orb, but each of its
motions – daily motion, sidereal motion, motion in latitude, and so on – was
also assumed to possess its own orb. Ptolemy and Aristotle each invoked a
plurality of orbs to account for the resultant celestial position of each planet.
All told, Ptolemy employed as many as forty-one orbs, and Aristotle assigned
as many as fifty-five. Both systems nested their respective orbs one within the
other but differed radically in the way they configured the latter. Aristotle’s
were concentric with respect to the Earth, whereas Ptolemy’s were eccentric
(that is, had centers other than the Earth), as we saw earlier (from this point,
the terms “orb” and “sphere” will be used interchangeably).

Medieval natural philosophers had to choose between Aristotle’s system
of purely concentric orbs, which assumed that the Earth was at rest in
the geometric center of the world and therefore could not account for the
variation in planetary distances from the Earth, or go with Ptolemy’s system
of eccentric orbs, which could account for the variation in planetary distances
but achieved this by having the orbs move around centers other than the
Earth, thus violating Aristotle’s principle that the Earth is the sole center of
all planetary motions.

To reconcile the two systems, medieval natural philosophers adopted a
compromise that had in fact already been made by Ptolemy (in his Hypothe-
ses of the Planets). In medieval terminology, they distinguished between a
“total orb” (orbis totalis) and a “partial orb” (orbis partialis). A total orb
is a concentric orb whose geometric center is the center of the Earth (in
Figure !$.!, which represents the Moon’s orbs, the total orb consists of the
convex circumference ADBC and the concave circumference OQKP, both
concentric to the Earth at center T); a partial orb is any eccentric orb whose
geometric center lies outside the center of the world. Between the concave
and convex surfaces of a concentric sphere lay at least three partial orbs, one
of which, the eccentric deferent (represented in Figure !$.! by b$ enclosed
by circumferences AGFE and HNKM around center V, a center other than
the Earth) carried an epicycle (enclosed by circumferences KLFI and !RYS)
within which a planet (the Moon, O in this figure) is enclosed.

Most medieval natural philosophers adopted this compromise system, for
although they now had to assume the rotation of partial eccentric orbs around

!& Cited from Pierre d’Ailly, 14 Questions on the Sphere of Sacrobosco, in Grant, Planets, Stars, and Orbs,
p. !!(, n. &).
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Figure !$.!. A representation of the Moon’s concentric, eccentric, and epicyclic
orbs as described in Roger Bacon’s Opus Tertium. See Pierre Duhem, ed., Un
fragment inédit de l’Opus tertium de Roger Bacon, précédé d’une étude sur ce fragment
(Quaracchi: Collegium S. Bonaventurae, !%'%), p. !#%.

their own geometric centers, thus denying to the Earth its former glorified
status as sole center of planetary motions, they could console themselves
with the thought that, in the larger scheme, each total concentric, planetary
orb, which contained all of its planet’s partial eccentric orbs, had the Earth as
its center. In this sense, one could still speak of a concentric world system in
which the Earth was at the center of all planetary motions. This compromise
was adopted because it gave the appearance of uniting Aristotle’s cosmology
with Ptolemy’s astronomy.

THE NUMBER OF ORBS AND THE ORDER
OF THE PLANETS

Since each total, or concentric, orb is composed of at least three partial
eccentric orbs, there are obviously many more partial orbs than total ones.
When inquiring about the number of spheres in the celestial region, however,
natural philosophers counted only total concentric orbs, ignoring partial
orbs. Because each planet had its own total concentric orb, at least eight orbs
from the Moon to the fixed stars were required for the celestial bodies.



""* Edward Grant

What was the order of the planets? Within and below the enveloping
sphere of the fixed stars, or eighth sphere, were seven planetary orbs. Moving
downward from Saturn, the outermost planet, are the orbs of Saturn, Jupiter,
and Mars, in that order; the innermost planet, and the one nearest the Earth,
is the Moon. But what order did the Sun, Venus, and Mercury follow?
Observation showed that the latter two planets were always in the vicinity
of the Sun and that all three lacked detectable parallaxes to determine their
relative distances and order. At the beginning of the ninth book of his
Almagest, Ptolemy located the Sun in the middle of all the planets, justifying
the move with the argument that in this position the Sun separated the five
planets lying between the Moon and the fixed stars into those planets that
could be any angular distance from the Sun (Saturn, Jupiter, and Mars) and
those that could not (Venus and Mercury; in this he ignored the Moon,
which can be any angular distance from the Sun but is nonetheless grouped
with Venus and Mercury). From the outermost planet to the innermost,
Ptolemy assumed the following order: Saturn, Jupiter, Mars, Sun, Venus,
Mercury, and Moon, an order that was almost universally adopted in the
late Middle Ages. As the middle, or fourth, planet counting from above or
below, the Sun was perceived as “a king in the Middle of his kingdom” or a
“heart in the middle of an animal.”!"

The relationship of the Sun, Venus, and Mercury had been given a strik-
ingly different arrangement in the fifth century, when Martianus Capella
assumed that Venus and Mercury circled the Sun rather than the Earth, a
system that came to be called “Capellan.” Anyone who subscribed to such an
arrangement could not, of course, assume a fixed order of the planets since
the Sun, Mercury, and Venus would be related differently when the latter two
were above the Sun than when they were below it. In the fourteenth century,
Jean Buridan incorporated the Capellan system into Ptolemaic eccentric and
epicyclic astronomy. He may have been the first to present an unequivocal
description of heliocentric orbits for Venus and Mercury within a system of
eccentrics and epicycles, an arrangement he regarded as “probable.”!(

The seven planets and the fixed stars required eight concentric orbs. No vis-
ible celestial bodies existed beyond the fixed stars. The latter, however, played
a crucial role in determining what went on above and beyond. Medieval nat-
ural philosophers assumed with Aristotle that every simple celestial motion
required a separate sphere to produce it. Because a minimum of three simple
motions was attributed to the sphere of the fixed stars, at least two more
orbs were required. As its proper motion, the eighth sphere of the fixed
stars moved with the motion that accounted for precession of the equinoxes,

!" For references to those who used these metaphors, see Grant, Planets, Stars, and Orbs, p. ##) and n.
#$.

!( Ibid., pp. &!&–!".
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moving one degree in !'' years and thus completing a revolution in &*,'''
years. The two other motions associated with the sphere of the fixed stars
were the daily motion from east to west, which was assigned to a ninth
sphere, and an irregular motion of the equinoxes that oscillated between east
and west, known as “trepidation,” which was actually a nonexistent motion
“discovered” by the ninth-century Arab astronomer Thābit ibn Qurra. Trep-
idation was usually assigned to a tenth orb. The total number of orbs was,
however, a function of the number of motions assigned to the fixed stars;
occasionally, only the daily rotation was assigned to it, and the total num-
ber of orbs would then be eight. If precession were also assigned, nine orbs
would be required, and if trepidation were added, there would be at least ten
celestial spheres.

THE THEOLOGICAL SPHERES

Passages in Genesis concerning the second day of Creation convinced many
theologians that the sphere of the fixed stars and one or more of the concen-
tric spheres beyond should be interpreted as manifestations of the biblical
Creation account. Of fundamental importance was the firmament, which
(according to Gen. !:)) divided “the waters from the waters.” Although vari-
ous interpretations of the firmament had been proposed – some, for example,
viewed it as a single heaven that embraced all the planets and the fixed stars,
whereas others equated it with the region of air – the most popular identified
it solely with the eighth sphere of the fixed stars.

The waters above the firmament came to be called crystalline, a term that
was applied to fluid waters as well as to waters congealed like ice or crystal.
Defenders of each view could be found. For St. Jerome (ca. &")–"!%?) and the
Venerable Bede (*)#–)&(), the waters were hard and crystalline, whereas for
St. Basil (ca. &&!–&)%) and St. Ambrose (ca. &&%–&%)) they were fluid and soft.
Whether hard or soft, the crystalline sphere was usually located above the
firmament and was identified with the ninth or tenth transparent celestial
orb, and sometimes with both.

Beyond all the mobile spheres of the cosmos lay a sphere called the
empyrean heaven (caelum empyreum), which only emerged as a distinct
cosmic entity in the twelfth century. In his famous theological treatise, the
Sentences, Peter Lombard identified the empyrean sphere with the invisible
heaven created on the first day. The empyrean heaven had no astronomical
functions. It was a purely theological creation and seems to have acquired
quasi-doctrinal status in Latin Christendom. Theologians such as Anselm of
Laon (d. !!!)), Peter Lombard, and many others who followed regarded the
empyrean heaven as a place of dazzling luminosity, receiving its light directly
from God. It was soon viewed as the dwelling place of God and the angels
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as well as the abode of the blessed. Despite its radiant state, the empyrean
heaven transmits none of the dazzling light that perpetually fills it.

The empyrean is noteworthy because it was always regarded as immobile,
and therefore a suitable container of the mobile orbs that moved with cir-
cular motion within it. The idea of an immobile heaven as a container was
contrary to Aristotelian physics and was therefore opposed by some natural
philosophers, for example Jean Buridan and Albert of Saxony.!* Although
the empyrean heaven was created for theological reasons and was initially
assumed to have no physical impact on the world, over the centuries scholars
persistently inquired whether the empyrean heaven could influence terres-
trial change as did all mobile celestial orbs. Opinions varied from denials of
influence, to modest influences that barely extended to the inferior planets,
all the way to the exalted claim by the anonymous author of the Summa
philosophiae that “the immobility of the empyrean heaven is more the uni-
versal cause of every transmutation of generable and corruptible things than
the primum mobile and the other inferior spheres.”!) By the middle of the
seventeenth century, however, few scholastic theologians believed that the
empyrean heaven influenced terrestrial events, and most eliminated it from
their cosmologies.

CELESTIAL MOTIONS AND THEIR CAUSES

Since uniform circular motion was the only kind of motion deemed appro-
priate for celestial bodies, natural philosophers were expected to identify the
cause of such motions. Aristotle had already furnished two responses that
one might make: external and internal. In his Physics and Metaphysics, Aris-
totle argued that each orb has an external, immaterial, spiritual mover, or
intelligence, which is separate and distinct from it. This intelligence does not
move its orb by pushing or pulling, or by exerting itself in any way. Rather,
Aristotle characterized it as an “unmoved mover” because it caused its orb
to move without being in motion itself, a task it achieved “by being loved,”
as Aristotle expressed it. The nature of this extraordinary love relationship
between intelligence and celestial orb was left vague. Of the fifty-five intelli-
gences, one for each orb, the first was accorded special status because it was
associated with the outermost moving sphere, or sphere of fixed stars, that
enclosed the world. Indeed, Aristotle identified the first unmoved mover with
the deity, although all of the other unmoved movers had identical properties.
Aristotle’s internal explanation of celestial motion appears in his treatise On
the Heavens, where he assumed that the celestial ether, by its very nature,
moved with uniform circular motion.

!* Ibid., pp. &)(–*.
!) Ibid., p. &)%.
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In the Christian Middle Ages, the external explanation with intelligences,
which by then were usually equated with angels, was clearly the more pop-
ular. Aristotle’s first unmoved mover was now called the Prime Mover, an
expression synonymous with God. Although God could, of course, move the
celestial orbs directly as an efficient cause, He chose rather to assign this task
to one of his creations, an angel, or intelligence. The explanation by which
angels were assumed to move their orbs was shaped by an article (no. #!#)
condemned in !#)) when the bishop of Paris decreed it an excommunicable
offense to hold “That an intelligence moves a heaven by [its] will alone,”!$ an
opinion held by many, including Thomas Aquinas. The underlying rationale
for the condemnation of this article was that only God, not angels, could
move by will alone. A new approach was devised by Richard of Middleton
(fl. second half of the thirteenth century), Godfrey of Fontaines (d. !&'*),
and Hervaeus Natalis (ca. !#*'–!&#&). They assumed that, in addition to
intellect and will, an intelligence, or angel, possessed a third power, a motive
force (virtus motiva). Responding to the command of the intellect, the will,
in turn, commands the motive force to move the orb. The latter, it must be
emphasized, is not an impressed force. In producing the uniform circular
motion of its orb, an angel was assumed to be in direct contact with it. Since
an angel performs its actions voluntarily, the celestial motions were assumed
to be voluntary. The angelic virtus motiva became a common explanation to
account for celestial motions.

Although most medieval natural philosophers assumed that angels, or
intelligences, external to the celestial orbs caused them to move, a few
explained those motions by a cause internal to the orbs. One causal can-
didate was the soul of the orb. But this proved unpopular and controversial
since a soul implied that the orbs were alive. One expression of the hostil-
ity against souls in orbs was the condemnation of !#)), which denounced
the existence of souls in the heavens, as well as the idea of intelligences
acting as forms. The appeal to internal causes was expressed in different
ways. Already in the thirteenth century, John Blund (ca. !!)(–!#"$) and
Robert Kilwardby (d. !#)%) argued that each celestial orb possessed a nat-
ural, intrinsic capability for self-motion. According to James Weisheipl,
Kilwardby held that “To each planet and orb God gave an innate natural
inclination to move in a particular way in rotational motion; to each he
accorded an innate order, regularity and direction without the need of a
distinct agency like a soul, an angel or Himself here and now producing the
motion.”!%

The most significant use of internal movers was proposed by Jean Buridan,
who applied his famous impetus theory (which he employed to explain such
terrestrial motions as that of a projectile; see Laird, Chapter !), this volume)

!$ Ibid., p. (#$. For the details, see ibid., pp. (#$–&(.
!% James A. Weisheipl, “The Celestial Movers in Medieval Physics,” Thomist, #" (!%*!), &!*.
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to the celestial orbs. Since the Bible makes no mention of intelligences mov-
ing celestial bodies, Buridan felt free to abandon intelligences and propose
his own interpretation:

God, when He created the world, moved each of the celestial orbs as He
pleased, and in moving them He impressed in them impetuses which moved
them without his having to move them any more except by the method of
general influence whereby he concurs as a co-agent in all things which
take place. . . . And these impetuses which he impressed in the celestial
bodies were not decreased nor corrupted afterwards, because there was
no inclination of the celestial bodies for other movements. Nor was there
resistance which would be corruptive or repressive of that impetus.#'

In the absence of external resistances and contrary tendencies, the impressed
impetus of an orb would remain constant and move its orb with uniform
circular motion forever.

Medieval natural philosophers accepted the Aristotelian principle that
each sphere could have only one proper motion. But this did not mean that
an orb might not move with two motions. Indeed, the planets did move
with two simultaneous motions: for example, the Sun, which moves east to
west with a daily motion, while also moving west to east along the ecliptic.
How could this happen? Nicole Oresme explained it by assuming that two
intelligences operated simultaneously. The Sun’s west to east motion was its
proper motion, caused by its own intelligence. The Sun’s daily east to west
motion, however, was caused by another intelligence, probably the primum
mobile, which produced the daily motion for all the planets. Oresme realized
that the resultant motion caused by the two intelligences was a spiral line.
Although Oresme fails to explain how the external intelligence causes the
daily motion of the Sun and planets, his famous successor at the University
of Paris, Pierre d’Ailly, considered the problem and concluded that the first
movable sphere, or the primum mobile, caused the daily east to west motion
of the planets by transmitting a certain “virtue” (virtus) to them that induces
them to follow it in its own east to west daily motion. D’Ailly therefore
agrees with Oresme that the west to east motions are natural and proper.
But, surprisingly, he regards the daily motion, caused, as we saw, by the
virtue transmitted to the planets by the primum mobile, as neither natural
nor violent but a motion that lies outside of nature (praeter naturam).

Oresme and d’Ailly were aware that they might seem to have violated
Aristotle’s principle of one motion per orb. They resolved this difficulty by
re-defining the concept of “one motion.” The latter was understood to mean
only “proper motion” caused by the orb’s own intelligence, thus allowing
a sphere to have an additional “improper,” or “accidental,” motion that

#' Translated by Marshall Clagett, The Science of Mechanics in the Middle Ages (Madison: University
of Wisconsin Press, !%(%), p. (&*, par. *.
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originated from a source – ultimately an intelligence – external to the orb. In
this way, simultaneous motions were integrated into the Aristotelian system.

DIMENSIONS OF THE WORLD

What were the dimensions of the finite cosmos we have just described? The
dimensions were measured only from the Earth to the sphere of the fixed
stars (that is, from the innermost body of the world to the outermost bodies,
the fixed stars). Thus the measurements did not include the ninth and tenth
orbs and the empyrean heaven beyond, none of which contained a celestial
body. Cosmic dimensions were rendered even more uncertain by a difficulty
with the eighth sphere.

In a tradition stemming from Ptolemy, celestial spheres were thought to
be nested within one another. It was routinely assumed that the concentric
spheres or spherical shells that bore the planets were packed together tightly,
so as to leave no empty space between consecutive spheres. In other words, the
innermost surface of the sphere of Jupiter (its concave surface), for example,
contains, and is contiguous with, the outermost surface of the sphere of
Mars (that is, its convex surface), and so on for any two successive concentric
planetary orbs. By this technique, natural philosophers and astronomers
made certain that no extraneous matter or void spaces could lie between the
surfaces of any two planetary orbs.

In measurements provided by Campanus of Novara, the distance from the
Earth’s center to the outermost surface of Saturn’s sphere is )&,&$),)") miles.#!

On the basis of the nested-sphere pattern described earlier, the innermost sur-
face of the sphere of the fixed stars would be assumed contiguous with the out-
ermost surface of the sphere of Saturn, from which we may infer that the in-
ner surface of the sphere of fixed stars was generally assumed to be some )&
million miles from the Earth’s center. But what of the outer surface? Were
all the visible stars arrayed on the inner surface? Or were they distributed at
different distances, so that the eighth sphere was of considerable thickness,
like the planetary spheres? If the latter, some stars might be much farther
away than )& million miles. In his Commentary on De caelo, Albertus Magnus
suggested two ways to explain the six magnitudes of brightness attributed to
the fixed stars:

!. They are equidistant from the earth and on the same spherical surface, but they
are of six different sizes and therefore of six different degrees of brightness; or

#! The measurements cited here appear in Campanus of Novara’s Theorica planetarum. They are taken
from the tables that appear in Grant, Planets, Stars, and Orbs, pp. "&*–). The tables in Grant’s
work represent a rearrangement of data in tables produced in Francis S. Benjamin, Jr. and G. J.
Toomer, eds., Campanus of Novara and Medieval Planetary Theory: Theorica planetarum (Madison:
University of Wisconsin Press, !%)!), pp. &(*–*&.



"(# Edward Grant

#. all stars are of the same size and brightness but located at six different distances
from the Earth.

Albertus rejected the second possibility because he believed it would
require six separate orbs, one for carrying each star around the heavens.
Because he assumed that each of the six orbs would move with a different
velocity and there was no empirical evidence that fixed stars moved with
differing speeds, he opted for the first and traditional opinion. But Albertus
did not ask whether the six magnitudes of fixed stars might be distributed
at different distances within a single thick orb. That possibility was not
seriously entertained until the seventeenth century, when some scholastics
adopted it, and even Galileo suggested that the fixed stars and the planets were
distributed over varying distances within a single all-embracing sphere.##

Among the planets, the Sun’s distance measurements were the most
anomalous compared with modern values. From the inner surface of the
solar sphere, whose inner surface, representing its nearest distance from the
Earth, is approximately &,%'',''' miles, to its outermost surface, represent-
ing its farthest distance from the Earth, is approximately ",#'',''' miles.
These figures differ radically from the modern value of a mean distance of
approximately %&,''',''' miles. The medieval value of &(,''' miles for
the Sun’s diameter should be contrasted with the modern value of $*",'''
miles. Anomalous measurements abound, making the cosmos seem idiosyn-
cratic rather than the beautifully crafted product of an infinite Creator. The
thicknesses of the planetary spheres seem discordant. The sphere of Venus,
for example, is approximately nine times thicker than those of the Sun and
Moon, the planets immediately above and below. With the spheres of the
superior planets, we witness an enormous increase in thickness over the Sun
and inferior planets. The diameters, and therefore the sizes, of the planets
also seem to vary in strange ways. Were medieval natural philosophers aware
of these anomalies? Or better, did they even regard them as anomalies? There
is no evidence that they did. It is more likely that medieval scholars regarded
their cosmos as a thing of beauty and harmony. They probably would have
agreed with C. S. Lewis’s judgment that “the human imagination has seldom
had before it an object so sublimely ordered as the medieval cosmos.”#&

EXISTENCE BEYOND THE COSMOS

Although Aristotle had denied the existence of matter, place, time, and
vacuum beyond our world, the urge to contemplate the possibility that
something might exist outside the cosmos proved irresistible. Scholastics

## See Grant, Planets, Stars, and Orbs, pp. ""'–!.
#& C. S. Lewis, The Discarded Image: An Introduction to Medieval and Renaissance Literature (Cam-

bridge: Cambridge University Press, !%*"), p. !#!.
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focused on topics that Aristotle had discussed, namely the possible existence
of other worlds and the possibility of an infinite void space.

Aristotle and the Creation account in Genesis were in agreement on the
uniqueness of our universe. But the manner in which Aristotle derived the
world’s uniqueness was offensive because he claimed to demonstrate that
the existence of another world was impossible, and to argue that creation
of other worlds was impossible, even for God, was viewed as a restriction
on God’s absolute power to do as He pleases. For example, article &" of
the Condemnation of !#)) declared it an excommunicable offense to hold
“that the first cause [God] could not make several worlds.” As a consequence,
scholars in the fourteenth century were compelled to concede that God could
create other worlds, although they were free to deny that He had actually
done so. Before and after the condemnation, however, some scholars chose
to argue that although God could create other worlds, He probably had not
done so. Thomas Aquinas, for example, argued that if God created other
worlds they would be either similar or dissimilar. If the former, they would be
superfluous; if the latter, none of them would be perfect because none could
incorporate all the natures of sensible bodies. Only by combining all of these
imperfect worlds could we obtain a perfect world, a state of affairs that could
be achieved more economically by a single world. In the fourteenth century,
Jean Buridan declared that “it must be believed on faith that beyond this
world God could form and create however many other spheres, and other
worlds, and other finite magnitudes He wishes.”#" But Buridan believes that
there is no space, magnitude, or other world beyond our world not only
because Aristotle has given natural arguments against such possibilities but
also because God Himself probably chose not to make other worlds. For if he
wished to create additional creatures like those in our world, he could simply
increase the size of our world to double, or one hundred times, its present
size. Nicole Oresme was even convinced that there was an infinite space
beyond our world in which other worlds could subsist, which led him to
conclude “that God can and could in His omnipotence make another world
besides this one or several like or unlike it. Nor will Aristotle or anyone else
be able to prove completely the contrary.” In accordance with the Bible,
however, Oresme insists that “there has never been nor will there be more
than one corporeal world.”#(

On the assumption that God could create other worlds identical to ours,
natural philosophers considered the physical consequences of simultaneously

#" Jean Buridan, Acutissimi philosophi reverendi Magistri Johannis Buridani subtilissime questiones super
octo libros Aristotelis diligenter recognite et revise a Magistro Johanne Dullaert de Gandavo antea
nusquam impressa (Paris, !('%; facsimile, Frankfurt am Main: Minerva, !%*"), bk. &, qu. !(, fol. ()v,
cols. !–#. See also Grant, Planets, Stars, and Orbs, p. !*&.

#( See Nicole Oresme, Le Livre du ciel et du monde, ed. Albert D. Menut and Alexander J. Denomy,
translated with an introduction by Albert D. Menut (Madison: University of Wisconsin Press,
!%*$), bk. !, chap. #", pp. !))–%.



"(" Edward Grant

existing worlds. Some of the derived consequences were in conflict with
basic Aristotelian principles. For example, although Aristotle had argued
that vacua of any kind were impossible, the existence of void spaces between
these hypothetical and discontinuous worlds seemed a plausible and even
compelling inference. Nicole Oresme, for example, not only found this
acceptable but also concluded that if such worlds were like ours, they would
obey the same physical laws. Each world would be spherical and have its
own “up,” “down,” “center,” and “circumference.” Since all such worlds
would be coequal, it followed that no single center or circumference would
be privileged, a conclusion that implied rejection of a unique center and
circumference of the universe, on which Aristotle had founded much of his
physics and cosmology.

If other worlds, and therefore matter, could not exist beyond our world,
perhaps an infinite void space might. Although Aristotle had rejected this
possibility in the third book of his Physics, the existence of infinite space
became linked to theological discussions about God and His whereabouts.
The idea that God might, in some sense, occupy an infinite space in which
our world is located seems not to have played any significant role until the
fourteenth century, when Thomas Bradwardine (ca. !#%'–!&"%), in a treatise
titled In Defense of God Against the Pelagians, proposed the following five
brief corollaries that established the existence of a real infinite void space:

!. First, that essentially and in presence, God is necessarily everywhere in the
world and all its parts;

#. And also beyond the real world in a place, or in an imaginary infinite void.
&. And so truly can He be called immense and unlimited.
". And so a reply seems to emerge to the questions of the gentiles and heretics

“Where is your God?” “And where was God before the [creation of the] world?”
(. And it also seems obvious that a void can exist without body, but in no manner

can it exist without God.#*

Bradwardine not only identified God’s infinite immensity with infinite
void space but insisted that infinite space was dimensionless because God
“is infinitely extended without extension and dimension.” Although it is
virtually impossible for us to conceive of a dimensionless space, scholastic
theologians were driven to that conclusion because they identified infinite
void space with God’s omnipresent immensity. Thus, to attribute tridimen-
sionality to that space would be the same as attributing tridimensionality to
God, who would then be physically extended, and therefore also divisible,
just like any body. But God was spirit, not body. In the Middle Ages, it would

#* Thomas Bradwardine, De causa Dei contra Pelagium et de virtute causarum ad suos Mertonenses libri
tres . . . opera et studio Dr. Henrici Savili Collegii Mertonensis in Academia Oxoniensis custodis, ex
scriptis codicibus nunc primum editi (London, !*!$; repr. in facsimile, Frankfurt am Main: Minerva,
!%*"), p. !&(. See also Grant, Planets, Stars, and Orbs, pp. !)&–).
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have been unthinkable to conceive of God as extended and divisible. Brad-
wardine’s ideas were influential. Many scholastic theologians discussed the
same theme, especially in the sixteenth and seventeenth centuries (Bradwar-
dine’s De causa Dei was printed in !*!$ in London). Through Bradwardine,
and perhaps others, scholastic ideas about God and space played a signif-
icant role in the history of spatial conceptions between the late sixteenth
and eighteenth centuries, the period of the Scientific Revolution. From
the assumption that infinite space is God’s immensity, medieval and early-
modern scholastics derived most of the same properties of space – except
for tridimensionality – as would be conferred upon it by the likes of Henry
More, Isaac Newton, Otto von Guericke, and Samuel Clarke.

The ideas and concepts described, and others not mentioned here, trans-
formed Aristotle’s cosmology and natural philosophy. By the end of the
Middle Ages, Aristotelian cosmology differed radically from Aristotle’s cosmol-
ogy in the form in which it had been received in the twelfth and thirteenth
centuries. It is no exaggeration to proclaim that the assault on Aristotle’s
cosmology was begun and developed by medieval Aristotelians. They not
only made cosmology a viable and vital subject for many centuries but
posed many of the crucial problems (Is there an infinite space beyond the
world? Can vacua exist? Does the Earth rotate? Are terrestrial and celestial
matter the same or different?), and a number of thought-provoking and
provocative hypothetical problems, that would be resolved by sixteenth-
and seventeenth-century natural philosophers such as Copernicus, Galileo,
Kepler, and lesser lights. Even in the seventeenth century, numerous scholas-
tic natural philosophers sought to adjust to the newly emerging cosmology
derived from Copernicus and Tycho Brahe in which celestial orbs had been
largely replaced by a fluid medium. Scholastic cosmology was far from a
congealed body of doctrine. It was rather a body of varied opinion in which
a genuine effort was made to incorporate aspects of the new cosmology. To
understand the dramatic changes in the seventeenth century, it is essential to
study the fate of medieval cosmology, which existed, and even evolved, along-
side the gradually developing new Copernican cosmology for approximately
!(' years.


