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It is well known that Harvey was influenced by Aristotle. This paper seeks to show
that Harvey’s quantitative argument for the circulation and his analogy of the heart
with a pump do not go beyond Aristotle and may even have been inspired by passages
in Aristotle. It also considers the fact that Harvey gives much greater prominence to
a macrocosm/microcosm analogy between the weather cycle and the circulation of
the blood than he does to the pump analogy. This analogy is prominent in both the
preface to the king and pivotal chapter eight ofDe Motu Cordis, and may indicate
a significant influence from the Renaissance natural magic tradition. The full impli-
cations of this analogy are critical for Harvey’s conception of the nature of the circu-
lation, especially the constant interconversion of venous and arterial blood and the
passage of blood through the lungs. The tendency to assume that Harvey had a
superior method since he made such an important discovery may have led not only
to overestimation of the influence from the new science of the seventeenth century,
but also to underestimation of influence from the magical tradition. 2001 Elsevier
Science Ltd. All rights reserved.
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That Harvey was heavily influenced by Aristotle is well known, as is much of the
evidence for this view. The early Aristotelian influence in Padua,1 the idea of the
heart as the key organ, the approach to embryology, the search for the final
(teleological) explanation of the circulation, the more general view that atomistic,
material explanations were inadequate,2 the centrality of the heart in research, the
comparisons with other animals, and the dispute with Descartes over mechanism
have all been seen as evidence of Harvey the Aristotelian. Yet, one might be
tempted to say, Harvey’s quantitative approach was a different matter. His experi-
ments and arguments concerning the quantity of blood flowing in a given time go
beyond any Aristotelian influence, as Aristotle’s attitude to quantification and the
application of mathematics would not licence such an approach. This sort of break,
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1Harvey would have been exposed to Aristotelian ideas in his time as an undergraduate at Cambridge

as well; see French (1994), p. 51.
2See hereDe Generatione Animalium(DGA, 1653 edition), pp. 51–52.
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some might add, is historically very significant. It is precisely this point which
differentiates the new, quantitative approach, critical for the scientific revolution
and so well exemplified in the work of Galileo, from the old qualitative view of
the scholastics. So too, one might argue, Harvey’s likening of the heart to a pump
was more in tune with the new mechanical approach to nature of the seventeenth
century than with Aristotle.

I argue that not only was Harvey’s quantitative work well within the bounds of
what Aristotle might allow, but may actually have been inspired by a similar quanti-
tative argument in theMeteorologica. So too I argue that the analogy Harvey drew
between the heart and a pump need not be seen as going beyond Aristotle in any
way, and again may have been inspired by a passage inDe Respiratione. We
also need to consider the fact that Harvey gives much greater prominence to a
macrocosm/microcosm analogy between the weather cycle and the circulation of
the blood than he does to the pump analogy. This analogy is prominent in both
the preface to the king and the pivotal chapter eight ofDe Motu Cordis(DMC),
and may indicate a significant influence from the Renaissance natural magic tra-
dition. The full implications of this analogy are critical for Harvey’s conception
of the nature of the circulation, especially the constant interconversion of venous
and arterial blood and the passage of blood through the lungs. Firstly, I consider
Aristotle’s attitude to quantification and the application of mathematics to the ter-
restrial realm. Here I stick very closely to Aristotle’s texts, as I believe Aristotle’s
own attitude is a good deal more positive than that of later Aristotelians and indeed
the scholastics. As Harvey went directly back to Aristotle,3 so ought we.

1.

The distinction that can be drawn between Aristotle’s qualitative conception of
the world and the quantitative conception that becomes important in the seventeenth
century, while perhaps useful as a first approximation, stands in need of some
careful qualification. Aristotle has no objection to the mathematical approach to
astronomy taken by Eudoxus and Callippus. Eudoxus not only proposed the con-
centric sphere model of the heavens, but also assigned determinate values to the
orientations of the axes of rotation of the spheres and to their speeds of rotation.
As is well known Aristotle wishes to turn the mathematical models of Eudoxus
and Callippus into a physical model (retaining the mathematical values). He pro-
poses the scheme of aethereal driving spheres and the infamous ‘unrolling’ spheres
with motions of equal speed but opposite direction to the driving spheres. At no
point here, or in any of his other works, does Aristotle question the applicability

3Harvey’s criticisms of the scholastics can be quite vitriolic, while his criticisms of Aristotle tend
to be more sympathetic. For example, while Harvey is surprised that Aristotle believed there to be
three ventricles, he works hard at trying to understand how Aristotle could have believed this and what
he might have meant. In places, some of them quite important, Harvey is willing to accept Aristotle
uncritically. It is clear from his quotations of Aristotle that Harvey has read him extensively.
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of mathematics to astronomy. We need to understand why that is so in order to
understand the reservations Aristotle may have about the terrestrial realm.

Aristotle distinguishes between two types of change,kinesis, a change of place,
andalloiosis, a change of quality. For Aristotle, space, time and motion are conti-
nua and are indefinitely divisible.4 He needs these suppositions in order to be able
to counter some of Zeno’s paradoxes of motion and thus reassert the reality of
change.5 A key idea here is that for every division we can make in a motion, a
similar one can be made with space and time, so, for example, traversing smaller
amounts of space takes a proportionately smaller time.6 If we can always make
these commensurate divisions, problems created by the indefinite division of
motion (e.g.12,

1
4,

1
8,

1
16 . . . et seq.) are avoided by a pro rata division of time.7 At

this theoretical level, it is quite clear that Aristotle is happy with the application
of mathematics tokinesis.8

On the other hand Aristotle believes that we cannot quantify qualitative changes.
We can make comparative judgments (a is redder than b, etc.) but not attach num-
bers to these judgments. The reason why mathematics applies to astronomy is then
clear. For Aristotle the celestial realm is constituted entirely from the fifth element,
aether. Aether is not qualified by the hot/cold and wet/dry contraries, so there can
be no qualitative changes. The heavens only undergokinesis, and that, at least in
theory, is mathematically treatable.

It is sometimes said that the key criterion for Aristotle in respect of the applica-
bility of mathematics is the distinction between the celestial and the terrestrial
realms. There is, though, no evidence for this in Aristotle. Rather, the key distinc-
tion is betweenkinesisandalloiosis. Thus there are some types of phenomena in
the terrestrial realm to which Aristotle is quite happy to apply mathematics,
specifically those which involvekinesis. Notoriously, Aristotle suggested that there
is a direct proportionality between weight and speed of fall for objects in free fall.
What is important for us is not that Aristotle ultimately gets the nature of this
relationship wrong, but that he intends to establish some relation of proportionality.
Again, he needs this assumption to counter Zeno, and also the atomist conception
of the void.9 That Aristotle himself does not do quantitative experiments here is
of no great consequence. His interest is in establishing theoretically that there are
relations of proportionality which governkinesis, as a weapon against his

4Indefinitely divisible potentially, if not actually. Aristotle not only rejects atomism as a theory of
matter but also for space and time.

5This is arguably one of the key projects of Aristotle’sPhysics.
6See Aristotle,Physics219b1 ff., on the relation of time, change and number.
7One diagnosis of Zeno’s ‘dichotomy’ paradox (one cannot ever get anywhere because one always

has to go half way, and half way to half way,ad infinitum) is that it requires an infinite number of
actions to be done in a finite time, which is impossible if each action takes a small but finite time.
Aristotle’s answer is effectively that if instead of taking a finite amount of time they take an amount
of time pro rata as small as the divisions of the motion, then the difficulty disappears.

8See here in particular Aristotle,PhysicsVI.
9See, for example, Aristotle,PhysicsIV/8.
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opponents, rather than in examining in detail precisely what those relations
might be.

Whether Aristotle intends the proportionalities he sets up to be exceptionless,
and whether they give an entirely precise description of motion are debates which
we can leave on one side.10 For the purposes of this paper, what needs to be shown
is that for Aristotle mathematics has some application to some types of phenomena
in the terrestrial realm. As Metaphysics V/13 makes clear, he is quite happy with
the quantification of volume and weight. The proportionalities he sets up for free
fall are in terms either of weight or of a more general quantity of substance, and
there is the famous experiment of weighing a bladder empty and full to see which
is the heavier.11 The difference between the two is actually quite small, so Aristotle
is here interested in relatively small differences in weight.12

There are two arguments which can easily overplay the extent to which Aristotle
distrusts the application of mathematics. One is standard fare in the ancient world.
This is that abstract geometrical objects are fundamentally different from physical
objects. Thus, for geometrical objects, while the circle and any tangent will touch
at one and only one point, for physical objects, which cannot meet criteria such
as length without breadth, and so on, a line will touch a circle at many points.13

Thus mathematics cannot provide an entirely precise description of physical enti-
ties. Aristotle is aware of this argument, though it is important to note that where
he does make use of it, he includes the heavens:

Astronomy is not concerned with the sensible magnitudes of the heavens, for sensible
lines are not like those of which the geometer speaks (for there is nothing sensible
which is straight or curved in this sense) . . . nor are the motions and twistings of the
heavens like those which the astronomer discourses, nor does what is signified have
the same nature as the stars.14

How much of an effect does this argument have for Aristotle? He accepts the
mathematical astronomy of Eudoxus and Callippus, and claims that it is ‘adequate
to the phenomena’.15 Aristotle considers time to be unvarying, to be the measure
of all motions, and the revolution of the heavens to be the measure of all motions.16

If so, then despite the passage above, the actual motions of the heavens must still

10In other circumstances I would argue that these proportionalities are seriously meant and are
intended to be exceptionless and precise, and also that Aristotle allows some measure of quantification
and proportion into qualitative judgements too.

11See Aristotle,De Caelo 311b10 ff. Aristotle considers the full bladder to be heavier than the
empty one.

12One might argue that Aristotle, especially given the restrictions of Greek technology, was only
interested in a qualitative judgment about weight in this instance—sayingthis is heavier thanthat,
rather than giving specific quantities. That argument, though, as we shall see, may be equally applicable
to Harvey.

13Indeed one might say it is not clear what is meant by a physical line touching a physical circle at
‘points’, since there are no physical points.

14Aristotle, MetaphysicsIII/2 997b34 ff.
15See Aristotle,MetaphysicsXII/8, 1073b36 ff.
16SeePhysicsIV/10 and De CaeloII/4.
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be very accurate. I would suggest then that the practical effect of this argument
for Aristotle, at least in astronomy, is very small. He quite rightly acknowledges
its philosophical importance, but does not seem to think that the differences
between the ideal and the actual motions of the heavens are particularly significant.
If Aristotle’s mathematical physics relates to the terrestrial realm in the same way
that his mathematical astronomy does to the celestial, and the comments he makes
about them are indeed parallel,17 then the difference between the ideal and the
actual in the terrestrial realm again may not be enormously significant. Thus for
instances where we have terrestrialkinesis, the physicist can draw up proportionali-
ties, and while in practice they may not work out in a precise manner, they will
at least give us a reasonable guide to the terrestrial realm. One might try to generate
a difference between the celestial and terrestrial realms by arguing that some cel-
estial objects are supposedly perfect for Aristotle (such as that the heavens are
perfectly spherical, and so are the planets, and so on), but the stars are not points
and so the courses they trace out are not lines.

The second argument which can overplay the supposed mistrust of mathematics
is that Aristotle considers there to be a hierarchy of disciplines, some being prior
to others.18 He describes a discipline which is prior as beingakribestos, which can
be translated as ‘exact’ or ‘accurate’, and so one might get the impression that
when mathematics is described as being prior to physics, it is more exact than it.19

However, Aristotle makes it clear that by exactness he means simplicity, and by
simplicity he means dealing with fewer elements. Thus mathematics which deals
with numbers is simpler than geometry which deals with points and lines as well,
which in turn is simpler than physics which deals with motion. Accuracy here is
not an issue, as mathematics is no more accurate than geometry. It is important
not to confuse this argument, which Aristotle does stress frequently, but which
does not have implications for the application of mathematics, with the one above
which does have implications but is not stressed. Natural and enforced motion is
another red herring in this respect. Certainly the motions of the heavens are entirely
natural, but so are many motions in the terrestrial realm, and Aristotle provides
proportions for enforced motions as well as natural motions. Natural motions may
well be simpler in the sense outlined above for Aristotle; they are no more or less
mathematically treatable than enforced motions.20

It is possible, then, to overplay the distinction between a quantitative world view
and the supposed qualitative world view of Aristotle, and indeed the distinction
between the celestial and terrestrial realms in this respect for Aristotle as well.
Mathematics and quantification do have roles to play in the terrestrial realm for at

17See here, for example,Posterior AnalyticsI/13 78b32 ff.,PhysicsII/2 193b22 ff.
18Aristotle actually recognises two senses of prior—better known to us (nearest to the sense) and

most simple (farthest away from the senses)—seePosterior Analytics87a31 ff.
19See, for example, Aristotle,MetaphysicsI/2 982a25 ff., IV/1 1003a21 ff., XIII/3 1078a9 ff.;Pos-

terior Analytics I/2 71b33 ff., I/27 87a31 ff.
20SeeMetaphysicsXIII/3 1078a12 ff.
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least some types of phenomena for Aristotle. Our question now is whether Harvey
goes beyond what Aristotle would be happy to accept in these matters.

2.

Harvey gives what has frequently been described as a ‘quantitative’ argument
for the circulation of the blood. This is that the beat of the heart is continuously
driving through that organ more blood than the ingested food can supply, or all
the veins at any given time contain.21 Harvey supports this assertion with some
figures. He gives three estimates of the volume of the left ventricle (3, 2 and 11/2
ounces) and comments that in a cadaver he has found it holding more than 2
ounces. He gives five estimates of what proportion of this volume is ejected at
each beat (13,

1
4,

1
5,

1
6,

1
8), but only three values of the amount of blood passed with

each beat (12 ounce, 3 drams, 1 dram).22 Harvey then gives an estimate of the
number of beats per half hour for the human heart (1,000, ‘and in some cases
2,000, 3,000 or even 4,000’), and concludes that, ‘multiplying by the drams’, 3,000
drams, 2,000 drams or 500 ounces of blood would be passed, ‘or some proportion-
ate amount of blood forced into the arteries by the heart, but in each case a greater
quantity than is present in the whole’. Similarly, he says, suppose a sheep or a
dog passes one scruple per beat, then in half an hour 1,000 scruples or about 31

2

pounds of blood would pass through the heart, but he has determined that a sheep
has no more than 4 pounds of blood. He concludes by saying that if the single
heartbeat in man, sheep, dog or oxen transmits one dram, and there are 1,000 beats
in half an hour, the total transmitted would be 10 pounds 5 ounces, if two drams
20 pounds 10 ounces, if half an ounce 41 pounds 8 ounces and if one ounce 83
pounds and 8 ounces. The only other experiment in which Harvey specifies quan-
tities at all is an attempt to demonstrate the impermeability of the septum. The
pulmonary artery, pulmonary vein and the aorta of a cadaver are tied off, and the
left ventricle opened. A tube attached to an ox bladder is introduced through the
vena cava to the right ventricle. Warm water is then injected ‘with great force’
from the ox bladder, with the effect that the right ventricle and its neighbouring
auricle ‘swelled violently’, and despite the fact that ‘almost a pound’ of water had
been forced into the right side of the heart, ‘not even a small drop’ of water or
blood escaped into the left ventricle.23

Is there anything in this sort of experiment which in any way breaks with Aris-
totle? I would argue no. Firstly, these experiments do not require, and are not
given, any significant precision. All that is needed is recognition of two facts: that
a much greater amount of blood is being driven through the heart in a given time

21See Harvey,De Motu Cordis(DMC), ch. 9. All quotations (with original emphases) from the
1653 edition.

22See Harvey,DMC, ch. 9. Apothecaries measures: 3 scruples= 1 dram, 8 drams= 1 ounce, 12
ounces= 1 pound.

23See Harvey, Letter to Paul Marquard Schlegel.
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than the veins can contain or the ingested food can supply, and that no blood or
water, even under extreme conditions, passes through the septum. ‘Much greater
than’ and ‘none at all’ are comparisons that might quite easily be used for qualities.
In the second case, no calculation is needed, in the first there is a great deal of
estimation and conjecture.

The values for the contents of the left ventricle are only approximate,24 and show
no signs of any systematic quantitative survey to give minimum, maximum and
average values.25 The values for the proportion transmitted are conjecture, and are
presented as such, with no empirical support.26 In the calculation of the amount
of blood per beat, there is a further approximation as none of the estimates of the
contents of the left ventricle multiplied by the proportion assumed to be transmitted
gives 1 dram.27 Only certain values for the amount of blood transmitted in half an
hour are computed,28 and one of the values is strange. Having given 1/2 ounce, 3
drams or one dram as the volumes transmitted, one would expect the multiplication
by 1,000 (beats per 1/2 hour) to give 500 ounces, 3,000 drams or 1,000 drams,
but we get 500 ounces, 3,000 drams and 2,000 drams instead. The pulse rates given
are clearly approximations,29 and indeed the value used in the computations for
humans (1,000 per 1/2 hour=33 b.p.m.) is a significant underestimate.30 The same
value is used for sheep, dogs and oxen, and is only a reasonable estimate for oxen.31

The value for the amount of blood in a sheep is again approximate, the more so
as this is a difficult matter to determine, especially with the methods available
to Harvey.32

What are we to make of this? That Harvey uses underestimates in one way adds
to the force of his argument. Even if we take his minimum values, there is still
more blood than the food can supply or the veins contain. It is clear though that
the figures that Harvey uses are not based on an extensive and systematic pro-
gramme of quantitative research. That is significant as no-one would wish to deny
that Harvey’s investigation of the heart is both extensive and systematic.33 It is

24See Harvey,DMC, ch. 9. It is odd that Harvey considers only the left ventricle here, when once
he has a heart to measure he could easily do so for the other three chambers.

25See Harvey,DMC, ch. 9. Harvey tells us, anecdotally, of one corpse where he found over two
ounces of blood in the left ventricle—but here is his chance to give us the results of a systematic
quantitative survey, giving us minimum, maximum and average values.

26A tolerable estimate would not be hard to obtain, at least in animals—one might open the aorta
and measure the volume passed in a certain number of beats and obtain the volume of the ventricles
post mortem.

27See here Kilgour (1954), p. 417.
28There are 15 possibilities (3 volume estimates, 5 proportions); Harvey gives three.
29These pulse rates are 33, 67, 100 and 133 beats per minute.
30One would expect roughly twice this value for the average human.
31Again, this is a significant underestimate for sheep and dogs.
32See Kilgour (1954), p. 416—the techniques available to Harvey would not have been sufficient to

drain all the blood from an animal.
33I take it that the fact that Harvey had such a programme does not differentiate him from Aristotle.

Aristotle did have such a programme in biology. Harvey praises Aristotle as ‘Nature’s most diligent
searcher’ in the preface toDGA, where he also discusses Aristotle in relation to method at length (see
sections ‘On the manner and order of attaining knowledge’ and ‘Of the former matter according to
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clear from the number of species that Harvey has vivisected and dissected in
investigating qualitative questions concerning the heart that he is a diligent observer
with a systematic and extensive research programme.34 Having opened this number
of live and dead animals he could quite easily have produced comprehensive figures
for the volume of blood in the ventricle, and indeed for other quantitative aspects
of the circulation.35 Yet Harvey appears to have no interest in quantification or
quantitative experiment for its own sake. He gives as much in the way of quantitat-
ive information as his argument requires and no more. Some of that is conjecture
and the rest is estimation, but it is not evidence of systematic quantitative method.
Even if a more precise quantification of the amount of blood flowing in a certain
time is made, as we have seen Aristotle is quite happy assigning quantities to time
and motion, and so too to volumes and weights, and with the idea of a rate of
flow, which is merely volume/weight in a certain amount of time.36 There are no
qualitative changes being quantified here. There is no need to treat anything that
Aristotle would consider inherently qualitative in a quantitative manner. Neither
this experiment nor anything else that Harvey says requires any conception of the
terrestrial world as a place that is wholly amenable to precise mathematical descrip-
tion.

3.

There is an interesting passage in theMeteorologicawhere Aristotle argues
against the idea that the rivers are supplied with water by great underground reser-
voirs which fill up in the winter and then gradually deplete during the summer.
He then argues that:

It is clear that, if anyone should wish to make the calculation of the amount of water
flowing in a day and picture the reservoir, he will see that it would have to be as
great as the size of the earth or not fall far short of it to receive all the water flowing
in a year.37

The nature of this argument is identical to that of Harvey’s. The amount of liquid
flowing (water/blood) is too great for the opposed hypothesis (reservoirs/Galen) to
be able to account for. One might try to argue that Harvey is quantitatively more
precise, as he gives some actual figures, but we have seen how loose Harvey is
on this matter, only employing as much precision as he requires to make his con-
clusion, and that is so for Aristotle as well. One might argue that Harvey takes

Aristotle’). He is not critical of Aristotle here. So too the Second Essay to Jean Riolan, where Harvey
says that Aristotle advises us well to accept or reject something ‘only after a very finely made examin-
ation’.

34See, for example,DMC, chs 2 and 6.
35DMC ch. 3 makes it clear that Harvey has opened arteries (and veins) near the heart of many

species but has not measured the flow of blood.
36See here Aristotle,PhysicsIV/8.
37Aristotle, Meteorologica349b16ff.
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the quantitative argument as decisive proof of his hypothesis, but Aristotle takes
this quantitative argument as decisive against the reservoir theory.38 Harvey is not
satisfied with the fact that the blood circulates, but also seeks a teleological expla-
nation of this fact. The motion of the blood, he says:

we may call circular, after the same manner thatAristotle sayes that the rain and the
air do imitate the motion of the superiour bodies. For the earth being wet, evaporates
by the heat of the Sun, and the vapours being rais’d aloft are condens’d and descend
in showrs, and wet the ground, and by this means here are generated, likewise, tem-
pests, and the beginnings of meteors, from the circular motion of the Sun, and his
approach and removal.39

He further comments that ‘we shall speak more conveniently of these in the specu-
lation of the final cause of this motion’.40

As Aristotle’s major discussion of the weather cycle is in theMeteorologica, it
is highly likely that Harvey was aware of the comment on rivers and reservoirs,
and of its implications concerning quantification.41 It is clear then that Harvey’s
argument about the quantity of blood flowing in no way goes beyond Aristotle. Is
it possible that Harvey even got his inspiration for this experiment from Aristotle?
It may be that Harvey formulated the circulation hypothesis only after having pon-
dered the quantitative considerations. However, there are many other possible
routes to the circulation hypothesis. One is that the abundance, nature and cardi-
ocentric orientation of the veinous valves was the critical initial consideration. This
is indeed the account that Harvey later in his life gave to Boyle.42 Having arrived
at the circulation hypothesis perhaps he then looks to the works of Aristotle, seek-
ing parallels and a possible teleological explanation. In doing so, he becomes inter-
ested in the explanatory possibilities of the weather cycle, comes across this pass-
age from theMeteorologicaand realises that such an argument would be applicable
to the circulation of the blood as well. Not only does Harvey not go beyond Aris-
totle with the quantitative experiment, it is quite possible that Aristotle’s works
inspired this experiment.

4.

Harvey draws a macrocosm/microcosm analogy between the heart and the sun
in two places. Firstly, in the preface to the king, he also brings the king himself
into the analogy:

38As Aristotle does in other instances—theoretical arguments backed by commonplace observations
are taken as decisive against Zeno in the theory of motion, and weighing a bladder full of air is taken
as decisive against opponents.

39DMC, ch. 8. See AristotleDe Generatione et CorruptioneII/10, De Anima415b3–8,De Mundo
399a20–35 for the Aristotelian background here. For Aristotle it is the sun that is the cause of the
weather cycle—this is in the very strong Aristotelian sense of being both efficient and final cause—
seeMeteorologica346b20 ff.

40DMC, ch 8; cf.DGA, pp. 51–2.
41SeeMeteorologicaI/3 and I/9, and cf.De Generatione et CorruptioneII/10.
42See here McMullen (1995), pp. 492 ff.
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The Heart of creature is the foundation of life, the Prince of all, the Sun of their
Microcosm, on which all vegetation does depend, from whence all vigor and strength
does flow. Likewise, the King is the foundation of his Kingdoms, and Sun of his
Microcosm, theHeartof his commonwealth, from whence all power and mercy pre-
cedes.43

Given that this is in the preface to the king, one might wonder exactly how to take
it. However, in chapter eight ofDMC Harvey gives us the passage quoted above
on Aristotle and the weather cycle, and goes on to say that:

So the heart is the beginning of life, the Sun of the Microcosm, as proportionably
the Sun deserves to be call’d the heart of the world, by whose vertue, and pulsation,
the blood is mov’d, perfected, made vegetable, and is defended from corruption and
mattering; and this familiar household-god doth his duty to the whole body, by
nourishing, cherishing, and vegetating, being the foundation of life, and author of
all.44

Why does Harvey draw this analogy? Clearly there is some influence from the
Renaissance natural magic tradition here, and this analogy may well prove to be the
bridge to the sort of teleology that Harvey seeks. While there has been a tendency to
regard these passages as merely rhetorical, there are some specific points of dif-
ficulty with the circulation thesis that Harvey seeks to solve by reference to this
analogy. I would agree with French that there is a great temptation to believe that
because Harvey made so momentous a discovery he had a superior, and perhaps
scientific, method.45 This has led to an overestimation of the role of quantification
and mechanical analogy for Harvey, but also, I would suggest, to an underestim-
ation of his relation to the magical tradition. Harvey recognises that there are two
types of blood, veinous and arterial: the former is ‘rawish, unprofitable, and now
made unfit for nutrition, the other blood digested, perfect and alimentative’.46 In
the Galenic view this is not a problem, as each type keeps to its own system apart
from a small transit across the septum. In arguing for the circulation of the blood,
however, Harvey has to make the constant interconversion of the two types of blood
plausible.47 Moreover he has to do so without knowing precisely what processes are
involved in these conversions. Here he leans heavily on his macrocosm/microcosm
analogy. The weather cycle for Aristotle has the qualitative and cyclical changes
of (in Aristotelian terms) water into air by evaporation and air into water by con-
densation. Harvey specifically links this to the functions of the circulation of the
blood, and this forms the main body of chapter eight ofDMC.48 He develops the
comparison between heart and sun as follows:

43Harvey,DMC, Preface to the King.
44DMC, ch. 8.
45See French (1994), p. 92 and note 41.
46DMC, ch. 8.
47However we conceive of the two types, venous and arterial, blue and red, etc. For Galen, ‘liver

system’ blood can become ‘lung system’ blood (but not all does), as some blood has to pass across
the septum to top up the lung system, but not vice versa.

48SeeDMC, ch. 8.
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So in all likelihood it comes to pass in the body, that all the parts are nourished,
cherished, and quickened with blood, which is warm, perfect, vaporous, full of spirit,
and, that I may so say, alimentative; in the parts the blood is refrigerated, coagulated,
and made as it were barren, from thence it returns to the heart, as to the fountain or
dwelling house of the body, to recover its perfection, and there again by naturall heat,
powerfull and vehement, it is melted and is dispens’d again through the body from
thence, being fraught with spirits, as with balsam, and that all the things do depend
upon the motional pulsation of the heart.49

The analogy with Aristotle’s weather cycle is very tight. As the sun provides heat
for the macrocosm, so does the heart for the microcosm. That is all the more
significant because the sun’s heat generates the key change in the weather cycle,
the evaporation of water. In Aristotelian terms that is the change from cold, wet
water to hot, wet air. The heart also effects a key change in the circulation in
converting one type of blood into the other, and does so by its ‘powerfull and
vehement’ natural heat. In Aristotle the contrary conversion is a cooling, as it is
with Harvey, and the heart ‘melts’ the blood while the parts coagulate it. Finally,
in Aristotle the sun is the cause of all change in the terrestrial realm.50 Without it,
the elements would settle out into four concentric rings. For Harvey all things
depend on the motion of the heart, and in the preface to the king, it is that on
which all growth depends and all strength and vigour proceeds.

Harvey also has the difficulty of what happens between arteries and veins in the
absence of direct evidence for the capillaries. So too there is a problem about the
passage of blood through the lungs, each problem being made acute by Harvey’s
estimation of the quantity of blood flowing through the heart. Aristotle has an
analogous difficulty, in that while rivers, evaporation and rainfall may be evident,
it is less clear how the rainfall becomes rivers. Aristotle hypothesises that the
mountains act like a sponge, and that gradually water collects together and emerges
as rivulets which then form the rivers.51 In DMC chapter seven, where Harvey is
talking of the passage of the blood through the ‘streyner of the lungs’, his leading
example is that:

It is well enough known that this may be, and that there is nothing which can hinder,
if we consider which way the water, passing through the substance of the earth doth
procreate Rivulets and Fountains.52

Only then does he give the examples of sweat passing through the skin and urine
through the kidneys. The latter are weaker examples as they will not support a
great enough volume of liquid passing. So again Harvey relies heavily on the
analogy with the weather cycle, a point not often recognised in this context. It is
interesting that Harvey gives an account of the arteries carrying the blood out and

49DMC, ch. 8.
50See, for example,MeteorologicaI/2 393a20 ff.
51SeeMeteorologica349a28 ff.
52DMC, ch. 7.
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the vein carrying the blood back directly after the comparison of the weather cycle
to the circulation inDMC chapter eight.53 Finally, it is important to note that Har-
vey requires a closed system for the circulation, in contrast to Galen’s system
where the blood is consumed, and that no water is consumed in the weather cycle
for Aristotle.

The circulation/weather cycle macrocosm/microcosm analogy is thus highly
important for Harvey.54 It is worth emphasising, in view of the disproportionate
attention that has been paid to Harvey’s likening of the heart to a pump (two
comments, once in his lecture notes, once in a letter—see below), that the
macrocosm/microcosm analogy is central to the original conception of the circu-
lation and appears at critical points inDMC.

Although it is not a concern of this paper, the use of the macrocosm/microcosm
analogy may have been a significant factor in the reception of Harvey’s theory in
certain quarters.55 So, too, as French has argued in the case of Fludd, the idea of
the circulation fitted well with certain alchemical ideas.56 I would also raise the
possibility, albeit rather speculatively, that Harvey may have been influenced by
some alchemical ideas. He talks of the ‘perfection’ of the blood, an idea very much
in tune with the broader alchemical conception of transmutation as the improve-
ment and purification of all substances, and the idea of the heart as the place where
the blood is perfected fits well with the alchemical notion of each organ as an
alchemist, transmuting raw and base materials into pure and useful products.57 To
what extent Harvey was a conscious supporter of ideas emanating from the magical
tradition and to what extent he merely employed current ideas is a question we
simply do not have enough material on Harvey to answer. It is clear, though, that
the macrocosm/microcosm analogy plays a critical role in the original conception
of the circulation, one far greater than the analogy with a pump, and one that needs
to be recognised in any assessment of Harvey’s method.

5.

Harvey did not in fact liken the heart to a pump, but to a pair of water bellows,
and did so only in his lecture notes.58 He says that:

53Cf. Harvey’s Letter to Caspar Hoffman. I feel that history has given Galen a rough ride concerning
the invisible pores in the septum—his system demands that they are there as Harvey’s demands that
the capillaries are there—neither has direct observational evidence for their assertion.

54It is also interesting that Harvey calls the egg a microcosm inDGA, p. 51.
55See, for example, Sachs a Lowenheimb (1664).
56See French (1994) pp. 128 ff.
57Especially, as we have seen, the interconversion of veinous and arterial blood can be thought of

in terms of the Aristotelian hot/cold contraries, part of the larger Aristotelian theory of the elements
which also formed the theoretical basis for much (though not all) alchemy.

58See Basalla (1962), Webster (1965), Pagel (1967), p. 213.
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From the structure of the heart it is clear that the blood is constantly carried through
the lungs in to the aorta as by two clacks of a water bellows to raise water.59

As pointed out by Basalla, this in many ways is a good simile.60 A water bellows
has significant differences from an orthodox pump in that its body is collapsible,
while the cylinder and piston of an orthodox pump are rigid. So too the clacks
were pieces of leather placed over the entrance and exit of the main chamber, so
placed as to allow one-way flow only. Like the valves of the heart these are flexible,
rather than the rigid valves found in orthodox pumps.61 However it is important
to note that there are some crucial dissimilarities to the heart too. In particular, a
water bellows is operated by an external agent, and the heart valves are more
complex and active than the clacks (they operate themselves, where the clacks are
opened by the water). Nevertheless, this is significantly less of a mechanical anal-
ogy than might be suggested by a direct analogy with a pump. A clearer mechanical
analogy comes inDMC chapter five, where Harvey likens the heart to a machine
or a musket, but only in so far as all three act too swiftly for the human eye to
analyse their motions at normal speed.62

On the matter of whether the water bellows analogy in any way goes beyond
Aristotle, it must firstly be noted that Aristotle likens not only the lungs but also
the heart to a pair of forge bellows:

It is necessary to regard the structure of this organ [the lung] as very similar to the
sort of bellows used in a forge, for both lung and heart take this form.63

While Aristotle of course does not have a mechanical account of the heart, and in
particular would object to the idea that it is moved by an external agency,64 he is
quite happy to use this analogy with a forge bellows to convey the basic structure
and functioning of the heart. Although Harvey’s analogy is slightly more sophisti-
cated, involving the leather clacks, I see nothing in that which requires a mechanical
interpretation or differentiates Harvey’s account from that of Aristotle in any essen-
tial matter. There is also a world of difference between saying in a didactic context
(such as that of Harvey’s lecture notes) that the heart can be likened to a pair of
water bellows, in order to allow one’s students to begin to understand the structure
and function of the heart, and saying that the heart is in fact a pump.65 With this
distinction in mind, I find it not in the least surprising that Harvey should make
such a comment in his lecture notes and then engage in a dispute with Descartes. In

59Whitteridge (1964), p. 272.
60See Basalla (1962), pp. 467 ff.
61‘A Clack is a peece of Leather nailed over any hole having a peece of lead to make it lie close,

so that Ayer or Water in any Vessel may thereby be kept from going out’ (John Bates,The Mysteries
of Art and Nature, p. 13, quoted from Basalla, 1962, p. 469).

62Here, Harvey is concerned with distinguishing systole and diastole.
63Aristotle, De Respiratione480a20–23, cf. 478a10. Galen also frequently likens the heart to a

forge bellows.
64For Aristotle on the heart especially as a source of motion, see, for example,De Anima405b14,

On the Soul408b38, 432b31, 456a4, 469a10.
65Cf. Webster (1965).
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the first situation he leaves unsaid, as unnecessary in the context, the dissimilarities
between the heart and the water bellows. When those become a serious matter of
contention, then Harvey immediately makes his position clear. Less well known
is the fact that Harvey makes a similar analogy in his second letter to Riolan in
1649. In discussing the phenomenon of arterial ‘spurting’, Harvey compares the
cardiovascular system to asipho. As Webster has argued, this may well be a refer-
ence to a fire-engine, which used exactly the same sort of water bellows pump as
Harvey refers to in his lecture notes.66 Again, in context there is nothing specifically
mechanical about this analogy and nothing to which Aristotle would object.

6.

It might well be considered that the rise of quantitative experiment is rather a
thin account of events in the scientific revolution, even if we are only considering
quantification and mathematics. Certainly one might argue that rather more is
required to characterise the changes of the seventeenth century in this area,
especially as quantitative experiment in itself was nothing particularly new.67

Indeed, it was not even new in physiology. Both Galen and Erasistratus used quan-
titative physiological arguments in antiquity, being concerned with quantities of
food and water ingested and the subsequent weight of the body and excretions.68

However, the more radical one considers the changes in this area in the seven-
teenth century to be, the less Harvey looks to be in tune with the new developments.
As we have seen, Harvey certainly does not go in for the same sort of detailed
and systematic quantitative investigations that we find with Galileo. Nor is there
any indication that Harvey would be in sympathy with Galileo’s highly influential
idea that the book of nature is written in the language of geometry. Indeed, in the
introduction toDe Generatione Animalium(DGA), Harvey comments that ‘Natu-
re’s Book is so open, and legible’, but makes no reference to mathematics or
geometry, and while Harvey does make methodological comments both here and
elsewhere concerning diligent and systematic investigation, he never comments on
the use of mathematics and quantification.

One interesting factor that Harvey and Galileo do have in common is an interest
in slowing down nature in order to see certain phenomena more clearly.69 With
Galileo there are the inclined plane experiments, enabling acceleration under grav-
ity to be examined more closely than was possible with objects in free fall. With
Harvey there are the experiments on cold-blooded animals and those close to death,
where the heart beats more slowly, in order to see the motions of the heart more

66See here Webster (1965) pp. 508 ff., Pagel (1967) p. 213.
67See here Pagel (1967), p. 78 ff.
68The introduction toDMC would indicate that Harvey was aware of such experiments to some

extent at least.
69See, for example,DMC, ch. 5.
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clearly and so distinguish the functions of systole and diastole.70 This similarity
might be accidental, or might be symptomatic of a desire around this time to exam-
ine certain contentious areas as closely as possible to resolve long-standing dis-
putes. There is nothing that Aristotle would object to in the method of slowing
down nature, however.

Some might go further and say that the key aspect of the scientific revolution
in terms of the application of mathematics and quantification was the
mathematical/mechanical conception of the world presented by Descartes and then
developed by others. An essential element of the Cartesian programme was the
reduction of qualities to matter and motion (both being amenable to precise math-
ematical description), and the elimination of teleology. Harvey would certainly
wish to reject the wholesale reduction of qualities, especially in relation to the
heart and the blood and would of course reject the elimination of teleology in this
area too.

Harvey can only be seen as doing something radical with his quantitative argu-
ment on a rather thin account of the role of mathematics and quantification in the
scientific revolution. Indeed, this would have to be so thin an account that one must
seriously wonder if it could properly differentiate between a reasonable account of
Aristotle and the scholastics and what happens in the scientific revolution.

That Harvey was significantly influenced by Aristotelian views is well estab-
lished. The arguments of this paper show that even in the key areas for a modernist
reading, Harvey in no way goes beyond Aristotle and may even have been influ-
enced in these areas by some important passages in Aristotle. We also need to take
Harvey’s use of the macrocosm/microcosm analogy seriously, as this is consider-
ably more significant for him than the pump analogy.
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