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GRS

I. Tex Facr or THE PrESENCE

“NYACRED Scripture assures us of the reality of such a
resence by affirmations which are well-known. None-
theless it is worthwhile to examine these affirmations in
order to draw from them the greatest possible light on a
mystery at once so beautiful and impenetrable. Our Lord
asserts:

If any one love me, he will keep my word, and my Father will
love him, and we will come to him, and will make our abode with
him.! If you love me, keep my commandments. And I will ask
the Father, and he shall give you another Paraclete, that he may
abide with you forever. The spirit of truth who . . . shall abide with
you, and shall be in you.? If I go not, the Paraclete will not come

1 John 14:23.
2 Ibid. 14:15-17.
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132 LUIGI CIAPPI .

to you; but if I go, I will send him to you.! But when the Para-
clete cometh, whom I will send you from the Father, the Spirit
of truth, who proceedeth from the Father.*

St. Paul confirms the testimony of the Saviour:

We are the temple of the living God® The charity of God is poured
forth into our hearts by the Holy Ghost, who is given to us.® Or
know you not that your members are the temple of the Holy
Ghost, who is in you, whom you have from God? * Know you not,
that you are the temple of God, and that the Spirit of God
dwelleth in you? . . . For the temple of God is holy, which you
are.® And because you are sons, God hath sent the Spirit of his
Son into your hearts, crying: Abba, Father.?

These texts, considered in their entirety, affirm clearly the
presence of the Three Divine Persons in all Christians who are
in possession of grace and charity, even in baptized infants.*
The coming of the Father and the Son and the mission of the
Holy Spirit, which seem conceded exclusively to adult Chris-
tians, since they are capable of actually loving the Son and of
observing His commandments, can be understood only in the
sense of a new coming and a new mission, not of the substantial
but of the accidental and psychological order, which is proper
to love and the practice of Christian virtue. Hence, there is no
doubt that all Christians without distinction become through
grace the habitation and temple of the Holy Spirit and, for
this reason, of God and of the other two Divine Persons, since
they are indivisible in essence and operation. If the Holy
Spirit is said to be in a special manner the guest of the soul and
body of the just through the grace and charity by which the
sanctified Members of the Mystical Body are informed, this
does not mean that the Third Person has a presence which is
proper and exclusive, but only an appropriated presence, be-
cause of the special affinity which the Apostle supposes to exist
between the love of charity and the Holy Spirit. This has been

3 Ibid. 16:7. 51T Cor. 6:16. “1 Cor. 6:19.

* Ibid. 15:26. ¢ Rom. 5:5. 81 Cor. 3:16-17. ® Gal. 4:6.

10 Cf. Council of Vienne, Const. “ De Summa Trinitate,” Denzinger, Enchiridion
Symbolorum, ed. 17, no. 483; Council of Trent, sess. 6, chap. 2, Denzinger, no. 800.



THE DIVINE PERSONS IN THE JUST 133

the interpretation which the Greek and Latin Fathers have
given to the thought of St. Paul. They, in fact, are in accord
in asserting and defending the consubstantiality, circumin-
session, and identity of the attributes and operations ad extra
of the Three Divine Persons. None of the actions comprised
in the sanctification of the soul is attributed to the Holy Spirit
in such a way as to make us think that His union with the soul
in grace is informative and personal. Therefore, to ascribe to
the Greek Fathers (as Lessius, Petavius, Thomassin, Scheeben
have done) the opinion of an immediate, proper, personal union
between the sanctified soul and the Divine Paraclete, is to
falsify the real meaning of patristic thought. The Fathers,
especially the ante-Nicenes, who adhered more in doctrine and
language to Divine Revelation, certainly placed in relief the
action of the Holy Spirit in the divine work of sanctification,
but only with the intention of noting the special conformity
and resemblance between the gifts of God and the Prime Gift,
which is the Personal Love of the Father and the Son. Thus
the peculiar relations between the soul and the Holy Spirit are
unfolded always in the sphere of exemplary causality, but never
in that of informative, efficient, or final causality. And even
the exemplarity, or in other words the resemblance, is asserted
not as exclusive but as more manifest in virtue of the
“ appropriation.” **

II. NaTURE oF THE PRESENCE OF THE LRINITY IN THE JUST

A, Is the testimony of Sacred Scripture in favor only of a
psychological, that is, an intentional and affective presence; or
also of an ontological, substantial and therefore thoroughly real
presence? The texts cited above beautifully conciliate both
meanings. They speak to us explicitly of a mission and an
indwelling which are effected only in the just who love God
and observe His commandments; but, implicitly, they suppose

11 Cf. Dom L. Chambat, 0.S.B., Les Missions des Personnes de lo Sainte-
Trinité, selon Saint Thomas d’Aquin (ed. Fontenelle, Abbey St. Wandrille, 1943),
p. 196; P. Galtier, 8. J,, Le Saint Esprit en nous d'aprés les Péres grecs (Rome,
1946) ; and L’Habitation en nous des trois Personnes (Rome, 1950) .
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a real and substantial presence of the Blessed Trinity in all
Christians who are in the state of grace. We have, however,
sufficient basis in Revelation to distinguish the “ presence ” of
the Blessed Trinity from the ““ coming ” of the Father and the
Son, the “ mission ” and “ gift-giving ” of the Holy Spirit, and
the “indwelling ” of the Father, Son, and Holy Spirit. The
“ presence,” demanded and revealed by the supernatural gifts
of grace and charity, can be only physical and substantial
because, according to the multiple affirmations of the New
Testament, only God is the immediate author of grace. And
the author of grace is the triune God, since grace renders us
participants of the innermost divine nature which is unique and
subsistent in three distinct Persons. Only one who possesses
grace and charity can love the Son of God, observe His pre-
cepts, and receive the Father and the Son into himself as per-
manent guests. In hike manner, only one who is already a son
of God through grace is made worthy to receive also His Spirit
—indeed, to have the right to exclaim, “ Abba, Father! ” But,
as an obvious conclusion, who can with greater right be the
giver of grace and the gifts if not the triune God, who is really
present in us because working in us. Therefore, the physical,
substantial, and immediate presence of the Three Divine Per-
sons, communicating to us their gifts and, through these gifts
forming in us their supernatural image, is the presupposition
and the ontological foundation of another presence, of us to
them, which is effected psychologically by the twofold process
of experimental knowledge and of love.

B. The opinions of modern theologians. It is not our
intention to explain all these opinions extensively, but only
to sum up their essential content, which must then be evaluated
in the light of the Magisterium of the Church and the doctrine
of St. Thomas:

1. The real and substantial presence of the Blessed Trinity
in the soul of the just is the result of the divine action which
is productive of grace, of an action which in the order of effi-
cient causality is common to all Three Divine Persons. God,
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One and Three, is present in all creatures as cause of their
natural being (the presence according to natural immensity) ;
but through a new title and in a more intimate way He becomes
the liberal giver of supernatural being (the presence according
to supernatural immensity). Grace and charity, therefore,
reveal the real and substantial presence of the Blessed Trinity
in the just and are, In turn, the efficient cause of the intentional
and affective presence of the Divine Persons inasmuch as they
are made the object and term of supernatural knowledge and
love (Vasquez, Coninck, Terrien) .**

2. The real and substantial presence of the Trinity in the
just is the proper effect of charity inasmuch as charity, being
a relation of supernatural friendship between God and man, is
the meritoricus cause of the real presence of God, One and
Three, in the soul who loves Him. It is, indeed, most fitting
that God, the best and all-powerful Friend, make Himself really
present to those who love Him in order to make them enjoy
more intensely His divine friendship (Sudrez) .'*

3. The real and substantial presence of the One God, the
Creator, is the proper result of the creative action, which is
common to the Three Divine Persons by reason of the identical
divine nature (the presence according to immensity). The
presence of God, One and Three, who abides in the soul of the
just as object of a quasi-experimental knowledge and of love,
is founded on grace and is due, actually, to the exercise of the
gifts of wisdom and of charity. This presence necessarily pre-
supposes the first (but is specifically distinct from it) and is
reserved only for the just, while the presence according to
supernatural immensity is common even to sinners who have
faith (Cardinal Cajetan, John of St. Thomas, Gardeil, Garrigou-
Lagrange, and others) .**

** G. Vasquez, Comment. et Disput. in Iam Partem D. Thomae, q. 8, disp. 30,
¢. 3 (ed. Compluti, 1598), p. 235; Coninck, De Trinitate, disp. XV, dub. II, 22;
Terrien, La grdce et la gloire, I, p. 246. (Quoted by A. Michel, article “ Trinité ”
m DTC., CXLII, 1947, col. 1842-1843.)

** Suarez, De Trinitate, lib. XIL, “ de missione divinarum personarum,”
9-10 (ed. Vives, I, p. 810).

** Cajetan in Summa Theol., I, q. 48, a. 8; John of St. Thomas, Curs. theol., in

s

c. 5, nos.
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4. God, One and Three, is already present in all creatures
as the unique and indivisible author of their natural being (the
presence according to immensity) . But by producing grace in
the just, He makes Himself really and substantially present,
not only as efficient cause but also as formal-exemplary cause,
since grace is a formal participation of the divine nature which
is subsistent in three distinct Persons; then the gifts of wisdom
and charity reproduce in the soul, at least by appropriation,
the image of the Word and of the Holy Spirit. From this
ontological presence, which is actualized in the sphere of a
twofold causality (efficient and exemplary), follows the psy-
chological presence of the Trinity in the soul of the just man,
inasmuch as through grace and the gifts connected with it he
is rendered capable of possessing in his own faculties God, One
and Three, as ocbject of knowledge and love (ID’Ales, Galtier,
Michel, Retailleau, Menendez-Reigada, Urdanoz, Parente, and
others) .»*

C. The teaching of the Magisterium of the Church. Leo
XIII, after confirming that all the * perfections and works >
manifested by God and produced outside Himself are common
to the Blessed Trinity by reason of the one and only divine
essence, recognizes as legitimate the use of appropriation.
Here are the words in which he concludes with reference to
the presence of the Blessed Trinity in us:

This wonderful wunion, which is properly called * indwelling,”
differing only in degree or state from that which binds the blessed
to God in eternal happiness, although it is without doubt produced

Summa Theol., 1, q. 43, a. 3 ad. 17, a. 3; A, Gardelil, 0. P, Le structure de I'dme et
Uexpérience mystique, 1L, p. 75; B. Froget, 0.P., De Uhabitation du Saint-Esprit
dans les dmes justes, p. 157; R. Garrigou-Lagrange, Q. P., Perfection chrétienne et
contemplation (Paris, 1923), Appendices, pp. 116-117.

35 A, D. Ales, De Trinitate, De Deo Trino (Paris, 1934), p. 286; P. Galtier, S.J.,
L’Habitation en nous des trois personnes (Rome, 1950); A. Michel, “ Trinité.
Habitation dans les ames,”” DTC, CXLII (1947), col. 1849-1851; M. Retailleau,
La Sainte Trinité dans les justes (Angers, 1932); J. M. Menendez-Reigada, O.P,,
“ Inhabitacidn, dones y experiencia mistica,” in Rev. Esp. de Teologia, 6 (1946),
61-101; P. Parente, De Deo Trino (Rome, 1941), pp. 808-309; T. Urdanoz, O.P.,
“ La inhabitacion del Espiritu Santo en el alma del justo,” in Rev. Esp. de Teologia,
6 (1946), 465-534.
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by the presence of the whole Trinity . . . is attributed in a peculiar
manner to the Holy Spirit. And although traces of the power and
wisdom of God appear even in the sinner, only the just share in
charity which is, as it were, the characteristic of the Holy Spirit.*®

In even clearer words Pius XII reaffirms the teaching of his
great predecessor:

But let all agree uncompromisingly on this, if they would not err
from truth and from the orthodox teaching of the Church: to reject
every kind of mystic union by which the faithful would in any
way pass beyond the sphere of creatures and rashly enter the
divine even to the extent of one single attribute of the eternal
Godhead being predicated of them as their own. And besides let
all hold this as certain truth, that all these activities are common to
the most Blessed Trinity, insofar as they have God as supreme
efficient cause. Let it be observed also that one is treating here of a
hidden mystery, which in this earthly exile can never be fully
disclosed and grasped, and expressed in human language. The
Divine Persons are said to be indwelling inasmuch as They are
present to intellectual creatures in a way that lies beyond human
comprehension, and are known and loved by them.*"

D. The doctrine of St. Thomas. Faithful to the teaching of
Revelation and of the Fathers of the Church, but especially to
the teaching of St. Augustine and to that of his master Alber-
tus Magnus, the Angelic Doctor proposes to investigate the
inscrutable mystery of the presence of the Trinity in us insofar
as such an investigation is possible by “ reason enlightened by
faith,” ratio fide illustrata.'® Here are the essential points in
which the real thought of Aquinas seems to be found;

1. The whole Trinity dwells in us through grace; the attribu-
tion to one distinct Person has only the value of appropriation:
* The whole Trinity dwells in us through grace, but in a special
manner the indwelling can be appropriated to one Person

* Leo XIII, Encyclical Divinum illud munus, A.S.S. (1897), p. 653. Author’s
italics,

*"Pius XII, Encyclical Mystici Corporis Christi; A.A.S (1943), pp. 85-36.
Author’s italics.

*% Vatican Council, Denzinger, no. 796.
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through some special gift which has a resemblance with the
Person, by reason of which He is said to be sent.” **

2. We are sons of all three Persons of the Blessed Trinity.
We cannot call ourselves sons of one Person more than of
another except through appropriation: “ We are called sons
of the Trinity through grace.” *° ““ Although the act of adoption
is common to the whole Trinity, it is appropriated to the Father
as author, to the Son as exemplar, to the Holy Spirit as im-
pressing in us a likeness to this exemplar.” **

8. The real and substantial presence of the Three Divine
Persons in the soul in grace is due properly to their common
activity in the production of grace; through appropriation such
a presence is attributed to the Son or to the Holy Spirit:

Since the Father, Son, and Holy Spirit have the same power and
essence, all that God effects in us, as by an efficient cause, is done
at the same time by the Father, Son, and Holy Spirit. Neverthe-
less, the word of wisdom sent to us by God, by which we know
Him, is the proper reflection of the Son; and, similarly, the love
by which we love God is the proper reflection of the Holy Spirit.
. . . Since the divine effects not only begin to exist by divine
operation but are also held in their being by it. . . . But nothing
can work where it is not, for the worker and the work must be in
action at the same time, as the mover and the thing moved. Thus
it is necessary that wherever there is any effect of God, God
Himself must be there as the agent.** In the reception of gifts of
this kind the Divine Persons are had as if In a new manner, as
leading or joiming us to the end.®

4. The mvisible procession or maission of the Divine Persons
in the soul in grace is attributed solely to the Son and the Holy
Spirit because they alone have their origin from one or more
of the other Persons in the bosom of the Trinity. With regard
to the Son, the mission is effected through the gift of wisdom,

1® De Veritate, q. 27, a. 2, ad 3; cf. I Sent., d. 15, q. 2, a. 2, ad 3.

20 JI1 Sent., d. 4, q. 1, a. 2.

2 Summa theol., III, q. 28, 2. 2, ad 3.

22 IV Cont. Gent., c. 20.

# ] Sent., d. 15, q. 4, a. 1; Summe Theol,, I, q. 43, a. 3, ad 2; a. 6; IL.TI, q. 45,
a. 6, ad 2.
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originated (by appropriation) from the Word and reproducing
properly (in other words, specifically), the image of the Word,
who is ““ generated Wisdom,” Sapientia genita. With regard to
the Holy Spirit, the mission is effected through charity, having
its origin (by appropriation) in the Holy Spirit and reproduc-
ing properly the image of the Third Person, who is “ Personal
Love.” Such attribution, although proper, is not exclusive.
Neither does it denote separation between the two missions,
because the aforementioned gifts do not reproduce the image
of the Divine Persons perfectly and according to their most
distinctive and incommunicable characteristic, which is a real,
relatwe opposition, as the Council of Florence authoritatively
afirms: “In God all things are one, where there is no oppo-
sition of relation.” **

For this reason, although through the Incarnation only the
Word is united to human nature, all Three Divine Persons,
through wisdom and charity, are in some way represented,
perceived, and enjoyed. The mission of the Son is had prin-
cipally in the actual perception, by means of the act of the
gift of wisdom, that is, of the procession of the Word from
the Father; and the mission of the Holy Spirit, in the joyful
perception, through the acts of wisdom and love, that is, of
the procession of Personal Love from the Father and the Son:
“ {0 be sent, in respect to the Son, means to be from the Father.
And as to be the gift of God in respect to the Holy Spirit, means
to proceed from the Father; so to be sent, is to be known to
proceed from the Father,” *

5. Both the Son and the Holy Spirit are given to us, but to
the Holy Spirit alone belongs the name of Gift of the Father
and Son:

Because the Holy Spirit is love, He has in Himself, by reason of
His procession both that which is given and that which is the
principle of giving; whence He is of Himself and primarily gift. . ..

2 Council of Florence, Decr. pro Iacobitis, Denzinger, no. 703; I Sent., d. 15,
q. 4, a. 1; Summa Theol., I, q. 43, a. 5.

25 St. Augustine, De Trinitate, IV, 20, 29; PL, 42, 908, quoted by St. Thomas in
Summa Theol., I, q. 43, a. 5; cf. I Sent., d. 15, q. 4, a. 1.
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Whence just as love is proper to Him, so is also the gift. . . . Where-
fore although the Son is given or sent, the reason of the free giving
is love, who is the Holy Spirit. And that reason does not pertain
to the Son, whence He cannot properly be called gift even though
He is said to be given.?®

6. The physical, immediate, and substantial union between
the Divine Persons and our soul in this life is gained only in
the sphere of efficient causality; but this union, being common
to all creatures,” is not a prerogative of the state of grace. The
union with the Trinity through representation (or in the order
of exemplary causality) is of itself neither physical nor sub-
stantial nor immediate; nor is it even peculiar to the state of
grace, since man, even naturally, was created to the image and
likeness of the august Trinity, inasmuch as he is capable of
knowing and loving God.*® In an accidental and supernatural
manner the state of grace deepens and perfects the pre-existing
representative union which was impressed on the substance and
the faculties of our soul. The union with the Trinity as object
of knowledge and love (that is to say, in the sphere of formal
and final causality) is not—so long as ““ we walk by faith, and
not by vision ” **—a physical, immediate, and substantial
union. Such a union will be had in heaven, when, in order to
render Itself actually visible and seen, the Divine Essence will
unite Itself immediately to our intellect, which will be strength-
ened by the light of glory.*® Charity, on the other hand, will
not unite us in such a manner to God, not even in heaven.
Charity binds the soul immediately to God by a * spiritual
bond,” that is to say, by affection, not in the sense that it
makes our will adhere physically to the Infinite Good, but in
the sense that it makes us love God for Himself, as the Highest
Good and the Final End. Moreover, 1t is in this life the effi-
cient meritorious cause of the real possession of God in heaven.

28] Sent., d. 18, q. 1, a. 2, and ad 1; cf. IV Cont. Gent., c. 23; Summa Theol.,
L q. 88, aa. 1-2.

*" Ct. Summa Theol., I, q. 43, a. 3; q. 45, a. 6.

28 Ibid., I, q. 93, a. 8.

22X Cor. 5:7.

3¢ Cf. Denzinger, no. 530.
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But the real and immediate union between our soul and the
Trinity will not be formally effected except through the act of
vision.*

7. Union with the Triune God, as object of experimental
knowledge and of love, is proper and exclusive to the super-
natural order. This union is verified in the exercise of the gifts
of wisdom and charity. In this life the gift of wisdom gives us
only a quasi-experimental knowledge of the Son and of the
other Divine Persons, that is to say, an indirect and mediate
knowledge, inasmuch as such a gift is an image of the Word
through which the movement of the intellect is borne toward
God Himself. The same can be said of charity: it is the source
of the true and proper fruition of the Divine Persons, but
wmperfect and indirect, because such joy does not spring im-
mediately from the presence of God clearly seen, but from a
filial affection which confirms and unites our spirit with the
Spirit of Love.®

It must not be thought, however, that this union is only
ntentional, such as is effected with someone known only in a
speculative way and not present to us, but whom we desire to
possess. It is rather an effective, experimental union which
implies a certain presence of the Divine Good by His most
excellent effect: “ Charity is the love of God . . . and for this
reason what is loved is in the lover by tts most excellent effect.
. . . And so the spiritual joy which has God for its object is
caused by charity.” ** But because the union is not immediate
and the fruition not perfect the soul does not have the cer-
tainty of the presence of God and of the supernatural character
of its own sentiments.*

8. Baptized infants are already actually temples of the Holy
Spirit and ‘of the Trinity, who live in them substantially as
efficient cause of grace; but infants do not possess the Trinity

* Cf. Summa Theol., I-11, q. 2, aa. 4-8; q. 28, a. 1; II-TL, q. 27, 2. 4 and ad $;
Dante, Paradiso, 28, 106-111.

82 Cf. I Sent., d. 14, q. 2, a. 2, ad 3; Summa Theol., I, q. 93, a. 8; I-I1, q. 11, a. 4.

 Summa Theol., II-11, q. 28, a. 1.

2 Ct I Sent., d. 15, q. 4, a. 1, ad 1.
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as object of knowledge and love except virtually or, in other
words, i habitu:

God is said to indwell supernaturally, as if in a familiar home, in
the just whose mind is capable of knowing and loving God, even if
they may not know and love in act, so long as they have through
grace the habit of faith and charity, as is well-known in the case
of baptized children.®

9. All the just, since they are endowed with the gift of
wisdom and with charity, are in a degree enabled to enjoy the
presence of the Divine Persons; yet, as new missions occur
“ according to the progress of virtue and the increase of grace,” ¢
enjoyment of the indwelling becomes more frequent and intense
as the soul advances in the spiritual life, and in the third stage,
that of the unitive life, it is almost continuous.

So He is said to dwell in such persons, because He works in them
secretly that they may be His temple; and this He accomplishes
in the proficients and in those who are persevering in their efforts
to become proficient.®

10. It cannot be proved with the authority of the Angelic
Doctor that the divine essence and the Holy Spirit are rendered
really and substantially present in the will as the uncreated
term of our act of love—" realité d’amour.” *® The texts cited
in regard to this can be explained as referring to God as efficient
or exemplary or final cause, but not yet as arrived at immedi-
ately in Himself. And it does not even seem conformable to
the thought of St. Thomas to explain his saying, “ Everything

36 In I ad Cor. 3:17; lect. 3; cf. Summa Theol., I, q. 48, a. 6; q. 97, a. 7.

3 Summa Theol., I, q. 43, a. 6; cf. I Sent., d. 15, q. 5, a. 1.

37 St. Augustine, Epist. 187, 8, 27; P. L. 33, 842.

*8 Ct. 8. J. Dockz, O.P., Fils de Dieu par grice (Paris: Desclée, 1948), p. 71.

The author realizes that he has against him the Salmanticenses, who, though
conceding a certain probability to his opinion, consider themselves unable to accept
it, even for the will of the blessed in heaven, for the following reason: “quia de
ratione impulsus interni est quod oriatur effective a2 voluntate quam trahit et
impellit ad obiectum amatum; nam praedictus impulsus est pondus, quo quis sponte
fertur in rem amatam. Implicat autem ut uic feratur et moveatur per impulsum
sibi non spontaneum, nec voluntarium; nam eo ipso quod pondus impellens vim
appetitivam non esset illi voluntarium, violenter potius quam spontanee illam
traheret.” Salmanticenses, Curs. theol. XII, “ De. Car.,” disp. IV, dub. I, nn. 19-20.
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loved is in the lover insofar as this is possible,” * in the sense
of a real, immediate presence.*

CONCLUSION

The teaching of the Angelic Doctor, considered integrally,
appears entirely in keeping with the data of Divine Revelation
and the doctrine of the Fathers; moreover, it justifies the dis-
cordant theories of modern theologians by harmonizing them.

It is true, in fact, that the presence of the Three Divine
Persons, existing in the human soul as “ object of knowledge
and term of love,” is founded on the state of grace and has,
as its efficient cause, the activity of the gift of wisdom and of
the virtue of charity. It is likewise true that, by reason of
certain supernatural charisms, the mission and the gift-giving
of the last two Persons and the indwelling of the Blessed Trinity
are properly and actually effected.

Therefore, the physical and substantial presence of the august
Triad in the soul, which presence precedes ontologically the
quasi-experimental perception which is achieved through the
acts of wisdom and charity—such a presence, I say, consisting
formally in a “relation of closeness” between the Blessed
Trinity and the soul, is founded on the divine trinitarian action,
causative of grace and its consequent gifts,

The presence of the Blessed Trinity in the soul of the just,
even in those deprived of the use of reason, is a supernatural
reality which the human mind, although illumined by faith,
cannot fully grasp in its innermost truth. The various theories
devised to explain it must be fused in the Thomistic theory so
that their convergent light may dissipate as much as possible
the sacred shadows of the mystery. We do not presume to
understand the mystery, and are content to affirm the exact
significance of the revealed truth without impoverishing or
denying it with the fogginess of our illogical assertions.

38 IV Cont. Gent., c. 21,
¢ Cf. F. Bourassa, S.J., “Les missions divines et le surnaturel chez S. Thomas
d’Aquin > in Sciences ecclésiastiques, I (Montreal, 1948), p. 85.
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God, One and Three, is present in the just as efficient,
exemplary, and final cause of their sanctification. Through
efficient causality alone, however, we have in this life the first
substantial and immediate presence of the Divine Guest, while
imitation, knowledge, and love unite us to Him, already exist-
ing in us, by means of His gifts. The love with which we love
and taste the goodness of God, is an effect of the Spirit of Love
whom we already possess: “ The charity of God is poured forth
into our hearts by the Holy Spirit, who is given to us.” ** The
knowledge of the Three Divine Persons which we have through
the gift of wisdom is a foretaste of the blessed vision which is
communicated to us by the Word, but this knowledge is unable
to tear aside the veil of faith: “ We see now through a glass
in a dark manner, but then face to face.” *

Luiei Ciaprr, O.P.

Collegium Angelicum
Rome, Italy

41 Rom. 5:5; of. Summa Theol. I, q. 43, a. 3 ad 2.
¢ 1 Cor. 13:12.



THE PHYSICS OF LOCAL MOTION

(7]

I

~ f VHE science of local motion is fundamental in natural
philosophy. Locomotion is the primary kind of motion;
it is generated last of the three kinds of motion so that
in order of being it is first, as the Philosopher has observed.
Thus, owing to its primacy, a proper knowledge of the nature
of local motion is necessary for a full understanding of the first
of the five ways by which St. Thomas establishes by reasoning
the existence of God as the Author of Nature, namely, the
argument from motion in the world.?

In the philosophia perennts, unfolded by Plato, Aristotle, the
later Greek and Roman philesophers, and the Jewish, Arab, and
Christian doctors of succeeding ages, motion is recognized as a
transition from a state of potentiality to a state of actuality;
further, such a transition to actuality can only come about by
the influence of something already in a state of actuality; hence
we have the principle that whatever is in motion must be moved
by another. This principle illuminated the sciences of Nature
and guided philosophers along sure paths during those ages in
which the philosophia perennis was the inspiration of all but a
few eccentric and misguided individuals.

However, since the revolution in physical science in the seven-
teenth century and the appearance of sciences of Nature alien
to the philosophia perennis, an entirely different doctrine con-
cerning local motion has generally prevailed. Newton’s first law
of motion lays down that every body in the universe continues
in its state of rest or of uniform motion in a straight line unless
compelled by external force to change that state. On Newtoman

1 Aristotle, de Caelo, 310 b 33-35; Physic., 243 a 12; 260 a 26-29; etc.
2 Summa Theologiae, 1, q. 2, a. 8.
‘145
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dynamics a freely moving body does not require an external
mover; a mover is required only to change the motion of the
body, 1. e. to cause acceleration, not to continue its steady state
of motion; the Newtonian theory of locomotion thus evokes the
principle of the inertia or impetus or momentum possessed by
bodies. Newton’s doctrine is thus quite at variance with the
doctrine of Aristotle and St. Thomas according to which a
meoving body must be moved continucusly by another agent if
its movement is not to cease.

The Newtonian system was not wholly new; it was rather
the definitive form of doctrines of motion which were pro-
pounded in the fourteenth century by Jean Buridan, Nicolas
QOresme, and others of the University of Paris; doctrines which
became ever more widely disseminated until their final triumph
in the seventeenth century with Galileo, Descartes, Newton and
hosts of others who participated in the élan of the times.

These doctrines of motion are quite foreign to the philosophia
perennis; with the triumph of the impetus doctrine in the seven-
teenth century came the general abandonment of the traditional
doctrine of motion; the ancient science of nature with its rich
patrimony of so many centuries henceforth found no hearing
in the universities of Europe; the ancient learning was preserved
in obscurity by a discriminating few, for the most part in the
seclusion of the cloister, while the learned world followed new
and seductive paths,

Further, not only were the Aristotelian doctrines of motion
abandoned in the seventeenth century, but the whole frame-
work of the philosophia perennis was given up at the same time
by the generality of philosophers, and indeed has remained in
general oblivion to this day. There are no doubt many reasons
for this great seventeenth century tidal movement in philo-
sophical opinion, but prominent among them is this: it was
believed very widely that the experimental physics of Galileo
and Newton had overthrown the Aristotelian physics, and it
was further generally believed that this defeat in the field of
physical science was of such a fundamental character that the
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whole Aristotelian system was thereby rendered untenable, and
that other philosophies of the world must be socught. The
science of motion was certainly not the prime mover in the
philosophical revolution; for that we must look deeper; but the
doctrines of motion precipitated this revolution and confirmed
it in popular estimation even to our own day.

The science of local motion is thus of the greatest import, not
only intrinsically but also historically in understanding the
sway which these philosophical vagaries have exercised during
the last three centuries. We shall now examine the doctrines of
local motion, and in particular the general principle that what-
ever is moved must be moved by another.

The Two Doctrines of Local Motion.

QOur first general inquiry will be directed to this question:
does the physics of Galileo and Newton truly render the Aristo-
telian physies of locomotion untenable, or does the common
belief that this is the case rest on a misconception of the respec-
tive natures of these doctrines?

There are several matters which must be considered:

(1) The principle that motion requires a constant mover is of
such a general character that it does not depend on any particu-
lar theory of locomotion. Motion means the transition from
potency to actuality, and this can only be brought about by
something already in a state of actuality. Thus, for instance,
we heat a pot of water by placing it on the fire; again, a man
cannot teach arithmetic to another unless he already knows
arithmetic himself.

This contention is so fundamental to the world that it may
justly be termed metaphysical rather than merely physical. It
belongs to a higher and more general order than the particular
processes of physical science; it does not rest upon the latter,
but rather the particular doctrines of the special sciences flow
from the general principle,

To trace the operation of our general principle in its rami-
fications in local motion will lead to a deeper understanding of

2
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local motion, since the inner springs of that motion will thereby
be made manifest.

(2) We have discussed elsewhere® the doctrine that the
system of physics inaugurated by Galilec and Newton is
only prima facie physics in the proper sense of that science,
namely, an inquiry into the physics or nature of things.
According to this contention (which will be one of the bases of
the present inquiry into motion) , physics since Galileo has been
progressively detached from the family of the real sciences and
no longer has any community with the head of the family,
namely, metaphysics. A science so detached we shall henceforth
designate as Kantian.

The structure of modern Kantian * physics has been built up
as an elaborate tour de force with its own autonomous domestic
economy, and with a goal which is ultimately pragmatic. The
laws and principles of Kantian physics are imposed on Nature
by the physicists, and are not found #n Nature; they are not the
real principles of Nature any more than the patterns of the
formal gardens of Versailles or the conventional lines of latitude
and longitude on a map represent Nature.

Consequently, the fact that Newton’s laws of motion are
fundamental to modern physics does not establish these laws as
the laws of Nature. Hence the general principle that motion in
the world requires a constant mover is in no way invalidated
by the existence of a prima facie conflict between this principle
and Newton’s laws of motion. The conflict is only apparent, not
real: the metaphysical principle pertains to the real world, the
Newtonian principle to an artificial world.

(8) In investigating the nature of local motion we shall not
be able to derive immediate assistance from the physical theo-
ries which have been entertained since the days of Galileo, for
the reasons mentioned in (2). However, these systems are not
wholly fruitless for our purpose. The systems of modern or

2 G. W. R. Ardley, Aquinas and Kant, ch. 3 (Longmans: London, 1950).
4 The reason for associating such sciences with the name of Kant is that Kant was

the first to glimpse their true nature (cf. Aquinas and Kant).
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Kantian physics being mosaics drawn from a variety of sources,
they frequently contain disjointed fragments and echoes of
metaphysical doctrines. Moreover, if we inquire closely we can
often find devious connections of an indirect kind between the
modern systems and the nature of the world.®

Consequently, although we cannot directly draw upon the
theories of Kantian physics to formulate the science of loco-
motion, yet we may draw instructive comparisons and illustra-
tions from these various theories.

(4) It might be thought that the highly mathematical char-
acter of so many of the laws and theories of modern physics
would preclude any significant comparison with the non-mathe-
matical peripatetic physics. Further reflection, however, sug-
gests that this is not really so, since the mathematical character
of the modern laws would appear to be not so fundamental and
distinctive as it seems at first sight. Thus, the essentially quali-
tative and non-mathematical field theories of Faraday are
exactly equivalent to, and may be completely transformed into
the mathematical system based on the inverse square law of
force. The mathematical theory, in spite of its semblance of a
different nature and greater precision, is rather only a different
language, and m truth has no more content that the non-
mathematical theory.

It seems likely that a similar equivalence between qualitative
and quantitative theories extends to all branches of modern
physics, although it has not everywhere been yet unfolded.
Hence we need not be deterred from a tentative juxtaposition of
mathematical and non-mathematical principles.

(5) The primary laws of a Kantian physics, such as Newton’s
laws of motion, rarely or never fit into Nature as they stand.
Consequently, along with the primary laws we almost invariably
find an array of secondary modifying rules which are designed
to bridge the gulf between the laws of physics and accepted

5 A general type of connection to be sought between the law found on modern
physics and the real structure of Nature has been formulated very succinctly by
Ludwig Wittgenstein in his Tractus Logico-Philosophicus 6. 342.
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phenomena. The bridging of the gulf in modern physical science
is somewhat analogous to equity in law: that which bridges the
gulf between the law of the State and the norms of natural
Justice. Thus Newton’s laws in their simple form are im-
mediately modified for terrestrial motions by such secondary
rules as Stokes” law for the movement of an object through a
viscous fluid. Without these appropriate adjustments the
primary laws could not seriously be entertained.® In comparing
our physical doctrine of locomotion with Newtonian theories,
these modifications of the latter by secondary principles will
assume considerable significance.

(8) The physics of locomotion in the proper sense will be a
fundamentally more coherent and ordered system than the
Newtonian theory of matter and motion. The real physics is
grounded on reality and illumined by universal principles; the
Kantian artifact physics lacks a nature proper to itself and is an
inherently mutable and contingent structure enjoying a human
rather than a natural authority.

It is not to be supposed, however, that the separated physical
system is wholly errant like the Prodigal Son; it has a charter,
that of pragmatic success, and its separation for this purpose is
quite legitimate. Even with this charter, however, modern
physics, cut adrift from the steadying hand of a paternal meta-
physies, is ordained to pursue mutable and airy paths to its
limited goal, in contrast to the permanent and substantial paths
of real physics.

The pragmatic goal of the modern systems is less exacting
than the ontological goal of real physics. In the real physics
a dazzling excess of light from nobler natures or a lack of power
in the human intellect to penetrate earthly obduracy may
render progress difficult. Hence the spectacular but shallower
successes of the modern systems while the real physics has con-
tinued its sober disciplined inquiries in cloistered seclusion. We
distinguish in order to unite and thus we bring the separated

®This is a fact which is usually overlooked in discussions of Galileo’s supposed
experimental refutation of Aristotelian doctrines concerning falling bodies.
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sciences  back into their proper places in the family of the
sciences.

The State of the Question.

Since the seventeenth century the science of Nature has been
obscured and discussions of the subject vitiated by the promis-
cuous mixture of theories and doctrines belonging to different
orders, so that today this science is in a more confused condi-
tion than it was when left by St. Thomas. By distinguishing the
different orders we remove this confusion and restore the true
doctrines of Nature to their proper authority. The wealth of
observation of Nature which has accumulated in recent centu-
ries has not yet been properly made use of to enrich the real
science of Nature. Our inquiries into locomotion will be a first
step in this direction.

The course we shall follow is historical. In general we may
regard the history of physics in one of two ways: We may re-
gard past physical doctrines as merely the debris in the evolu-
tionary march of physical science towards greater conquests of
Nature; or we may survey the whole field in such a way that
the history of physics becames comparative physics: this is a
science like comparative anatomy or comparative law. We
invoke the comparative science here in order to reach a deeper
understanding of the physics of locomotion.

The Impression of the Agent on the Subject.

When we throw a stone it continues to move after it has left
the hand; this suggests the necessity for a general inquiry into
the persistence of impressions made on a subject by an agent.
St. Thomas discusses this matier in various places. Thus, he
points out,” there are several cases:

(1) The impression of the agent remains permanently in the
effect after the agent has ceased to act, if the impression be-
comes part of the nature of the effect. For instance, if a stone

* II1 Contra Gentiles, c. 65.
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is generated in Nature, it persists with its properties, as its hard-
ness and its heaviness.

(2) Some things become partially attached to the nature of
the subject and may persist for a long time; so habits, disposi-
tions, etc., in man.

(8) Things of a more noble nature do not remain for an
instant after the action of the agent has ceased; so light does not
remain in a body when the source of the light is removed.

To these cases we might add a fourth, allied to (2):

(4) Impressions such as the violent motion given to a stone
by the thrower, the heat induced in a body by being in the
neighborhood of a fire, and the potency of the semen;® these
mmpressions persist for some time after the action of the original
agent has ceased; the duration of their persistence depends upon
the surrounding medium and its ability to conserve the original
action; the subject itself has no firm grip on such impressions.

Transient impressions which come under case (4) must not
be confused with permanent impressions belonging to case (1).
Thus, in (1), if a heavy body is generated, the body retains its
heaviness indefinitely after the generator has ceased its opera-
tion, because the form of heaviness has been imprinted on the
body and has entered into its nature. Accordingly, if at any
subsequent time an obstacle i1s removed, the body will move
spontaneously downwards towards its natural place. Similarly
for light bodies which move upwards.” On the other hand, in
(4), if a body is moved violently, the violent motion is not
given to the body as its form or nature, and consequently the
body does not of itself retain the violent motion; the motion
which the archer imparts to the arrow persists for a certain time
and then fails. The violence received from man never becomes
part of the nature of the arrow as does an impression received
by the creative operation of God; the violence is a transient
thing given to the body in addition to its nature.*

8 PDe Potentia, q- 3, a. 11, ad 8.
o Aristotle, VIII Physic., ¢. 4.
10 Sumana Theol., I, q. 103, a. 1, ad 3.
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Thus, St. Thomas, in his Commentary on the pe CarLo of
Aristotle, discusses the question of natural and violent motion
and is al pains to make this distinction between them.* It
must not be thought, he remarks, that the mover producing the
violent motion of the stone impresses on the stone motive
virtue by which it is moved, in the way in which the virtue of
the generator impresses on the thing generated a form from
which the natural movement of the latter results. If this were
so, continues St. Thomas, the viclent motion of the stone would
be an intrinsic principle in the stone, which is contrary to the
notion of violent motion. Further, it would follow that the
stone, from this very fact that it is moved locally by viclence, is
altered, which is against common sense.

In general, writes St. Thomas in another place, “ that which
creatures receive from God is their nature, while that which
natural things receive from man in addition to their nature is
somewhat violent.” ** And again: “ Art takes its matter from
nature, and nature receives its matter from God through crea-
tion. Now the products of art are preserved in being by virtue
of the products of nature; for instance a house by the solidity of
the stones. . . .”* In figurative terms we may say that art is
God’s grandchild.

It is clear then that the impressions made by art on nature
are not permanent, but are inherently subject to attenuation
and disappearance; the arrow falls, the house perishes. While
the impressions of art do persist, they are preserved by natural
means invoked for the purpose, as by the archer and the
architect. Let us now consider how the violent motion of the
arrow is continued for some time after it has left the archer.

How 1s Continued Violent Motion Possible?

The Philosopher gave much thought to this subject. “If
everything that is in motion, with the exception of things that

1111 de Cael. et Mund., lect. 8: “ Omne corpus quod recto motu naturaliter
movetur, gravitatem habet vel levitatem—quomodo naturalis motus et violentus
perficiantur . . .” this is in the commentary on the de Caelo 801 a 23-301 b 33.

12 Qummna Theol., loc. cit. 3 I1I Cont. Gent., c. 65.
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move themselves [i. e., animals], is moved by something else,
how is it that some things, e. g., things thrown, continue to be
in motion when their movent is no longer in contact with
them? ” he asks.™

Some have suggested, continues the Stagirite, that the solu-
tion to the problem lies in a process of “ mutual replacement ”
(antiperistasis) : the thrower at the same time as he throws the
thing thrown, also imparts motion te the air, and the air in
motion in turn imparts further motion to the thing thrown.*
In general, A pushes B, B pushes C, C pushes D, and so on,
and even, in a circular fashion, Z pushes A; hence the motion is
continued, like the trucks in a railway train or the endless
motion of a revolving belt. But it is manifest, says the Phi-
losopher, that in such a case all the members, whatever the
exact sequence may be, would have to be in motion simultane-
ously, or at rest simultaneously, and hence when the original
movent ceases to move the series all movement would instantly
cease. The process of antiperistasis on this ground alone, not to
mention other defects, fails therefore to explain the continued
motion of the single thrown body after the original act of throw-
ing has ceased. Hence, observes Aristotle, we must look else-
where for the explanation of the thrown body.'®

It is not the continued movement of the medium which ex-
plains the movement of the projectile; this only pushes back
the problem one step, since we still have to explain the con-
tinued movement of the medium. The continued local move-
ment of the medium must be ruled out as the source of the
projectile’s continued motion: yet the source must lie with the
medium in some way, since the medium is the only possible

14 Physic. 266 b 27-30 (Oxford ed.).

18 Physic. 215 a 15; 266 b 30 f.; 267 a 16 f; etc. Ross’ Commentary on the Physics
of Aristotle may profitably be consulted on antiperistasis and related matters.

18 ¥t js remarkable that so well-informed an historian as Pierre Duhem should have
been mistaken about the Aristotelian doctrine on this matter. He attributes, quite
wrongly, the absurd theory that the moving air impels the projectile, to Aristotle.
In fact, as we have seen, Aristotle is at pains to show how untenable such a theory
must be (cf. Leonardo, t. 3, préf., v. vi, ete.) .
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source of the projectile’s continued motion after it has left the
thrower, so the Philosopher writes.'”

Thereafter while we must accept this explanation [entiperistasis]
to the extent of saying that the original movent gives the power
of being a movent either to air or to water or to something else of
the kind, naturally adapted for imparting and undergoing motion,
we must say further that this thing does not cease simultanecusly
to impart motion and to undergo motion: it ceases to be in motion
at the moment when the movent ceases to move it, but it still re-
mains a movent, and so it causes something else consecutive with it
to be in motion, and of this again the same may be said. The
motion begins to cease when the motive force produced in one
number of the consecutive series is at each stage less than that
possessed by the preceding member, and it finally ceases when one
member no longer causes the next member to be a movent but only
causes it to be in motion. The motion of these last two—of the
one as movent and of the other as moved—must cease simultane-
ously, and with this the whole motion ceases.’®

In another place the Philosopher sums up the theory of the
continuance of violent motion in a succinct manner when he
says: “ the force transmits the movement, to the body by first,
as it were, impregnating the air. . . . If the air were not en-
dowed with this function, constrained movement would be
impossible.” *°

The original violence initiates the movement and gives to
the circumambient medium the power of continuing it; however
this is a transient power, and diminishes and finally fails, where-
upon the viclent movement ceases and the projectile falls.

It would appear that we must recognize in the medium not
only a propulsive but also a resistive agency; the medium offers
different resistance to the body’s movement according as the
medium is more or less easily divided by the body.?* Thus, we

7 Physic. 267 a 2-12.

18 ¥t is instructive to compare this process described by Aristotle, of combined
motion and power of giving motion, with wave progression: e.g., the spreading
ripples produced on the surface of a pond when a pebble is thrown in. We shall
have more to say on this matter hereafter.

19 De Caelo 301 b 25-29.

2 Physic. 215 a 30, etc.
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can throw a stone more readily in air than under water. We
shall further consider this twofold action of the medium later in
connection with natural motion.

St. Thomas fully agrees with the foregoing doctrine of Aris-
totle. In the section of this Commentary on the pe CAELO to
which we have previously referred,” St. Thomas lays down,
that in the violent movement of a stone the mover impresses
motion only while it is in contact with the stone. Nevertheless,
because air is both subtle and light it is susceptible to im-
pressions. Consequently, when the violence of the mover
desists, the air in contact with the stone continues to propel
the stone, and gives also propulsive power to the conjoined air,
which in its turn propels the stone, and so on. Consequently
the first violence endures in the stone to all appearance, but
really the stone continues to move because of the successive
impressions of the air. Hence, if there were no such bodies as
air, there would be no viclent motion—s? enim non esset tale
corpus quale est aer, non esset motus violentus.

Aristotle and St. Thomas are unanimous that movement in
a void, if such could exist, would be impossible.®® In a void
there would be no motivating medium to cause motion; nor
would there be any determinate direction for movement, so
that there could be no directed motion, which is absurd.”* A
stone could not be thrown from the hand nor an arrow shot
from the bow in a void, if there were such. ’

This principle is the antithesis of the doctrines of original
impetus (of which more in a later place) advanced by Buridan,
Descartes, Newton, etc. According to the impetus doctrine,
motion in a void is not only possible but is the most free of all

21 JTI de Cael. et Mund., lect. 7.

22 ¥ et us remark here that the so-called “ vacuum ” obtained by pumping the air
out of a vessel is not to be regarded as a void, but rather as a medium of rare
lightness and subtlety in which both natural and vielent motions proceed with
facility under the influence of the aethereal medium. A suggestive similitude will be
found in the theory of “ wave mechanics,” a subject we shall discuss later.

22 Physic. 215 a 18.

24 Ibid., 215 a 23.
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motions and persists indefinitely; the function of the medium
for the impetus theory is merely to retard motion.

The Principal Agent and its Instruments.

St. Thomas embarks on an interesting discussion of motion in
the De Potentia.”® He compares the continued movement of
the arrow with the retention by the semen of the force originally
imparted to it by the soul. This comparison has sometimes been
taken to mean that St. Thomas subscribed to a theory of im-
petus for moving bodies.”® In truth, however, it cannot be thus
interpreted. Let us consider St. Thomas’ words:

An instrument is understood to be moved by the principal agent
so long as it retains the power communicated to it by the prin-
cipal agent; thus the arrow is moved by the archer as long as it re-
tains the force wherewith it was shot by him. Thus in heavy and
light things, that which is generated is moved by the generator as
long as it retains the form transmitted thereby: so that the semen
also is understood to be moved by the soul of the begetter, as long
as it retains the force communicated by that soul, although it is in
body separated from it. And the mover and the thing moved must
be together at the commencement of but not throughout the whole
movement, as is evident in the case of projectiles.

It will be evident in the first place that St. Thomas’ com-
parison here between the semen and the projectile is somewhat
general, and is not to be taken in an unduly literal manner. The
force impressed on the semen is more firmly attached to its
nature than is the violent motion of an arrow. Furthermore, St.
Thomas holds that the form of heavy and light bodies is not
the cause of natural local motion, but is its principle, as he re-
lates in the Contra Gentiles: * the form determines the place to
which the body has a tendency, the actual movement to that
place must have another and external cause, namely, the im-

2% De Pot., q. 3, a 11, ad 5.

26 o, apparently, Garrigou-Lagrange: God: His Euxistence and His Nature, I,
274 f. Dominic Soto, O.P. (1494-1560), the celebrated Spanish philosopher and
theologian, invoked this discussion of St. Thomas’ to support, it is said, an impetus
theory of motion. Cf. Duhem, Leon. t. 8, p. 286 {.

27 JII Cont. Gent., c. 23.
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pulsion of the medium. Thirdly, even the continued force of the
semen is dependent upon a suitable medium to preserve that
force,” as indeed is manifestly the case with the preservation of
any living thing.

In this discussion in the De Potentia St. Thomas does not
refer to the action of the surrounding medium because here he
is taking that action for granted. With the semen the retention
of the force given to it by the soul of the begetter depends on
the proper medium to conserve and apply that force. So with
the arrow: the retention of the force given to it by the archer
reguires the participation of the medium, to preserve in itself
the impression for as long as is proper, and to guide the arrow
to the place determined by the original act of the archer,

St. Thomas is primarily concerned in this discussion with the
fact that a body receives its power from the original agent, and
retains it for a time after it leaves that agent; the arrow does
not take off on its own account, nor does the semen acquire
its force except from the begetter. The medium cannot originate
the movement, only the initial act can accomplish this; but the
force or impulse once given by the principal agent, the medium’s
function is to take up the subordinate task of carrying out the
movement; so the movement persists after the body has sepa-
rated from the principal agent. Thus, the captain directs and
the sergeant sees that the direction is carried through. The
whole movement depends on the initial act of the principal
agent and is executed by the instruments of that agent under
the agent’s direction. Failure to achieve the end laid down by
the principal agent is due to the defectibility of the instruments.

On the primacy of the principal agent St. Thomas writes:
“ An effect is ascribed more especially to the direction of the
first mover towards the end than to the instruments which re-
ceive that direction.” *® Thus he can continue: “ The arrow

28 An interesting case may be found in the modern practice of artificial insemina-
tion in animals which often requires the prolongation of the force of the semen be-
yond its ordinary span. This is accomplished by providing a suitable medium at 2

favorable temperature.
2 77T Cont. Gent., ¢. 24: “ How even things devoid of knowledge seek the good.”
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receives its direction to a fixed end through the impulse [ex
impulsione] of the archer, so, too, natural bodies receive an in-
clination to their natural ends from their natural movers [the
‘heavens), from whom they derive their forms, powers and move-
ments,” without in any way implying a doctrine of impetus. In
the impetus doctrine no instrumental agent is required to con-
tinue the original action; in St. Thomas’ doctrine a continuous
hierarchy of movers is required.

Thus in no way in his doctrine of local motion does St.
Thomas weaken the force of the principle that whatever is
moved is moved by another.

The Attenuation of Violent Motion.

Why does the arrow finally fall? Why does its flight not
continue indefinitely under the influence of the propelling air
when once started by the archer? In considering this question
we should see it in its more general content: always we perceive
that the nearer a thing is to its cause the more powerful is the
effect of that cause. Thus the nearer a body is to a fire the hot-
ter it is: the heat of the fire is actual and it moves the neighbor-
ing body from potency to act, so that heat becomes actual in
the body. The nearer the body to the fire the greater is this
effect, and consequently the hotter the body becomes.* So, a
man who knows arithmetic teaches it to another, and the more
conscientiously the pupil applies himself, the more does he learn.

Duhem cites an illuminating passage from al Bitrogi, the
disciple of ibn Rushd, in which the attenuation of violent mo-
tion is compared with the general inward radial attenuation of
motion in the cosmos, al Bitrogl writes: **

[the stone and the arrow] continue to move, but by means of a
virtue which remains applied to the stone or to the arrow after the
projector has launched it; the more the arrow is separated from its

3° On the doctrine of heat see, for instance, the last paragraph of III Cont. Gent,,
c. 69 (cf. Aristotle, Physic. 255 a 28). It will be evident that this doctrine of heat
differs fundamentally from the theory of heat held in modern “ Kantian ” physical

science.
#* Duhem, Leon., t. 2, p. 191.
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motor; the more feeble the virtue becomes. As this virtue is con-
sumed when the arrow falls, so the virtue that the Suprerne Mover
confers on the inferior spheres diminishes continually until it comes
to the Earth which remains naturally immobile.

An influence radiating from a central point through a hier-
archy of agents is attenuated and divided and diversified the
farther removed it is from the center.®? This is true whether
we consider a state or a transition, whether the spreading rip-
ples caused by dropping a pebble into a pond, or the cosmos as
a whole proceeding from God.

The general principle illuminates such diverse things as the
imperfection and contingency of the sub-lunary world and the
inferiority of man’s intellectual powers to the angel’s. The
eventual fall of the arrow; the crumbling of the old house; the
impotency of seeds kept too long; the gradual cooling of hot
bodies when the fire is removed; each of these processes of decay
may be hastened or retarded in its own way according to the
surroundings; but its ultimate extinction is as certain as the
imperfection of terrestrial affairs compared with celestial.

Natural Locomotion.

Heavy bodies, like earth, tend to their natural place which
is below, and light bodies, like fire, to their natural place which
is above. How are we to account for these natural downward
and upward movements? The Philosopher had to expend a con-
siderable amount of intellectual effort on this subject. It is
clear in the case of violent motion that the motion derives from
the motor agent which initiates the movement. But how are
we to identify the agent responsible for the natural upward and
downward motion of the elements?

It would almost seem that these bodies have within them-
selves some spring of movement; * although this cannot literally
be so, yet the appearance of autonomous motion must be ac-
counted for. Aristotle examines the matter minutely in VIII

22 J1I Cont. Gent., c. 64; Summa Theol., 1, q. 89, a. 1, ete.
3% De Caelo 308 a 3; 310 b 25, ete.



THE PHYSICS OF LOCAL MOTION 161

Physic., 4: When light and heavy things are in motion to posi-
tions which are the reverse of their natural places, i.e., when
heavy bodies are thrown up, and light bodies down, their
motion is violent, and the source of the violent motion is mani-
fest. When, however, these bodies are in motion to their proper
places, the heavy down and the light up, their motion is
natural. Whence comes this natural motion?

The natural motion is not self-sufficient, since we know that
whatever is moved by another. Nor can it be like the move-
ment of animals which is prima facie self-sufficient; in the case
of animal motion one part causes motion in another separate
part, and thus the whole is moved; this is possible only because
the animal is composite, having active parts which move passive
parts. A stone, however, is one and continuous and without
differentiated parts, sc that its motion can have no source like
that of animal motion. Furthermore, Aristotle points out very
cogently,® if the stone’s natural motion were animal-like, then
it would be in the stone’s power to stop itself, or to move in any
direction, both of which animal characteristics are absent from
the stone. Thus a falling stone and a bird differ radically in
their behavior.

The problem of natural motion is solved by Aristotle by a
close examination of the implications of the notion of potency.
Let us consider the Philosopher’s words: *

One who is learning a science, potentially knows it in a different
sense from one who, while already possessing the knowledge, is not
actually exercising it. Wherever we have something capable of
acting and something capable of being correspondingly acted on, in
the event of any such pair being in contact, what is potential be-
comes at times actual: e. g., the learner becomes from one potential
something another potential something: for one who possesses
knowledge of a science but is not actually exercising it knows the
science potentially in a sense, though not in the same sense as he
knew it potentially before he learnt it. And when he is in this con-
dition, if something does not prevent him, he actively exercises his
knowledge.l

3¢ Physic. 255 a 5 1. 35 Ibid., 33 §.
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So, too, in the case of natural bodies; as witness a cold body
which becomes hot and thereupon burns, unless something pre-
vents it; likewise a heavy body when generated will realize its
proper activity and descend, and a light body rise, unless some-
thing hinders the movement. Thus, a pile-driver at the bottom
of its stroke illustrates the first state of potency, at the top the
second, and the release from the top allows its proper motion of
descent to occur. So, a trigger releases an activity in the gun-
powder; likewise an archer when he releases the drawn bow.

Hence we see that the natural motion of heavy and light
things to their respective places is the completion of the original
action on the removal of some hindrance which has up to that
moment been preventing the last stage of the activity. Thus
we may appropriately ascribe these natural motions of bodies to
the generator which initially brought the heavy and light bodies
into existence, and again successively, to that which releases the
hindrance.*®

We can see now why it is that these bodies appear to have
within themselves some spring of movement. The appearance
of autonomous motion derives from the fact that natural loco-
motion of light and heavy bodies to their natural places is the
last transition to full being for such a body; in its natural place
becoming is at an end and the body enjoys its proper being and
completion.’” Now, the appetite of matter towards its form is
the greater as its state is the more perfect,®® the natural appetite
of inanimate things for their proper end being like the will or
intellectual appetite in intellectual substances.** Consequently,
the more perfect the state the less is the external influence
needed for the natural motions of the heavy and the light;
hence the appearance of a spring of movement within the body
after the generator and the remover of hindrances have per-
formed their functions.

St. Thomas confirms Aristotle’s judgment on natural motion.

3¢ Jbid., 256 a 1. 38 [1I Cont. Gent., c. 22.
3" De Caelo 810 b 82 £. 3% Ibid., c. 88.
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He renders the theory more precise even than the Philosopher
left 1t. Thus, in the Contra Gentiles we read: *°

Simple forms do not cause movement, they are principles of
movement, since natural movements, like all other natural proper-
ties, follow from them. ... The form is the principle of local
movement inasimuch as to a particular body in respect of its form,
is due a particular place, to which 1t is moved by virtue of its form,
which tends to that place; and because the generator gives this
form, it is sald to be a mover. Thus, it is due to fire, in accord with
its form, to be in a higher place.

And again: #

As the arrow receives its direction to a fixed end through the
impulse of the archer, so, too, natural bodies receive an inclination
to their natural ends from their natural movers, from whom they
derive their forms, powers, and movements.

There is thus a close analogy between one who releases a
catapult and one who pulls away a pillar supporting a roof.
Just as it is necessary to attribute to the circumambient medium
an agency whereby motion is continued after the projectile
leaves the catapult, so, too, it appears that we must attribute to
the medium the propulsion which maintains the downward
motion of the falling stone. Although this downward motion
is in accordance with nature, and not by constraint, yet there
must still be a separate mover to move the body to the comple-
tion of its act. Likewise with the heavenly bodies, the fifth ele-
ment of which they are composed undergoes circular motion by
nature, but yet, it must be so moved by an external intelligence.

In the case of violent motion the medium, under the action
of the initial motor, moves the body against its natural motion;
in the case of the falling body the medium is acting in accord
with nature; nevertheless a propulsive medium is necessary in
both kinds of motion. In violent motion the medium propels
the body to the goal designated by the initial motor violence; in
natural motion the goal is determined by the form of the body,
and the medium assists the body to reach its natural goal.

40 [bid., c. 28. “Ibid., c. 24.
3
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Furthermore, with violent motion the speed diminishes to
zero as the source is left behind and the goal is approached,
while with natural motion the speed generally increases as the
body comes nearer to the goal; ** since the body’s appetite for
its form grows as it approaches its end as a hungry man ap-
proaching his dinner.

Again, with violent motion, the greater the body the more
effort is needed to move it, while with natural motion the heavier
the body the faster does the body descend; and likewise the
greater the bulk of a light body the more rapidly does it ascend,
as, for instance, a mass of fire. “ Whenever bodies are moving
with their proper motion, the larger moves quicker,” says
Aristotle.®®

Summing up, then, we conclude that for natural motion Form
is the principle of the movement determining the destination,
and the Cause is, in successive orders, the generator, the re-
mover of the obstacles, and the circumambient medium.

The Functions of the Medium in Natural Motion.

If the universe were infinite there would be no up or down
or middle, and hence no natural motion, which is contrary to
experience. If there were a void, since there is no difference in
nothing, there would again be no up or down, and hence no

% Physic. 230 b 25; de Caelo 277 b 7, etc.

43 De Caelo 290 a 1; cf. 273 b 32; 277 b 4; 308 b 20, ete. The assertion that heavier
bodies fall faster than lighter bodies is often referred to by modern authors as a
point on which the Peripatetic philosophers were mistaken, and that Galileo, by
his experiments with falling bodies, proved the ancient philosophers to be in error
by showing that all bodies, small or great, fall together.

This dispute is, however, somewhat insubstantial. To put the matter in Newtonian
language, the Galileans are referring to an artificial or “ideal ” case of a free fall
under gravity without resistance; then (by definition) all bodies fall with equal
acceleration, e. g., independent of mass. The Aristotelians, on the other hand, are
referring, not to an “ideal ” fall, but to an actual natural fall; again in Newtonian
language, the viscous resistance of the medium (in accordance with Stokes’ Law
R == 6mva for a sphere of radius ¢ and velocity v) causes a falling body to attain a
constant “ terminal velocity,” the value of which is greater for larger bodies. Hence
in Nature heavier bodies do in fact fall faster; a proposition which is indeed manifest
to common sense, and which certainly did not escape the vigilant eye of the
Philosopher.
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natural motion, so the void too is impossible.** Thus we rule
out Newton’s infinite structureless universe. But there is
another reason for rejecting the existence of a void, i. e., a space
containing nothing: there would then be no propellant agent
for violent motion, nor for matural motion, so that no loco-
motion would occur, which is manifestly absurd. Conversely,
we can argue that in a thinner medium motion occurs more
readily, and hence in a void motion should occur at infinite
speed.*® The notion of a locomotion through a space devoid of
a medium is thus antinomous and absurd from whatever view-
point we consider 1t.

It is apparent that in the motion of a body the action of the
medium is two-fold: (1) propulsion, (2) resistance. In New-
tonian doctrine the action of the medium is merely retarding
(as expressed quantitatively in Stokes’ Law); in Peripatetic
doctrine the medium is primarily propulsive and secondarily
resistive. Thus a stone falls more rapidly i water than m
treacle; it is propelled to its proper destination by the medium
in both cases, but it cleaves the water more readily than it
cleaves the treacle, and hence moves more rapidly.*®

That the motion through the medium is a combination of
propulsion and resistance is recognised in Newtonian physics in
an oblique way: the density of the medium is regarded as the
propellant factor, in that it modifies gravity, as, for instance, in
the case of a bubble of air rising in water; the viscosity of the
medium is regarded as the retardant factor.

It is a curious paradox in the Newtonian system that we must
artificially view the rise of the air bubble in the lake, and the
fall of the stone in the lake, as fundamentally different; the fall
of the stone as primary, and the rise of the bubble as secondary.
In Peripatetic physics both processes are viewed together; the
water in each case assists the body to its natural place, i. e., up
or down, subject to the water’s retarding influence,

4 Physie. 215 a 5 1.

45 Ihid. 215 b. Note also: on the Newtonian treatment, from Stokes’ Law, as
viscosity = 0, terminal velocity -> .

8 Ibid. 215 a 30.
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The case of the airplane is instructive; (1) We must fill the
fuel tank, i. e., give the machine its initial virtue, or it does not
move (its ordinary motion not being natural). (2) Air is
necessary for its subsequent propulsion by means of the rotating
propeller. (3) Air is responsible at the same time for retarding
the motion. The air both propels the flying-machine and re-
tards it. Similarly for the flight of birds, and for the water in
the case of a man swimming; so to in a marked manner for the
swerving flight of a spinning tennis ball.

What of the case of rocket propulsion? On Newtonian phy-
sics the air in this case contributes nothing to the propulsion
but is merely retarding, so that a rocket airplane should travel
with greater facility when beyond the Earth’s atmosphere.
Rocket propulsion n vacuo is closely related to natural fall in
an evacuated vessel. These so-called vacua are not voids; we
must regard them as filled with a rare medium under the pro-
pulsion of which motion takes place more readily than in air;
in these conditions the rocket-propelled airplane moves more
rapidly; likewise the guinea and feather in the famous experi-
ment fall in the evacuated vessel with equal velocity, and more
rapidly than in air.

The False Doctrine of Impetus.

The doctrine that a body once set in motion continues to
move by its own impetus without further outside aid is the
antithesis of the Peripatetic doctrine that for locomotion, as for
all motion, the continuous action of an external mover is neces-
sary. The doctrine of impetus or mnertia has been held uni-
versally in physical science since the seventeenth century, and
constitutes one of the principal articles in the revolt against
Aristotelian science, However justified such a doctrine might
be for the peculiar domestic purposes of modern physical
science, which is a pragmatic simulacrum of the real science of
Nature, the impetus doctrine is absurd if regarded as an
article of the real science of physics.

The seventeenth century revolt against Peripatetic principles
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of physics was prepared in the fourteenth century by the
Nominalist philosophers at the University of Paris, notably by
Jean Buridan and Nicolas Oresme. The doctrine of impetus has
a longer history than this, however; it can be traced back at
least to Johannes Philoponus the grammarian and philosopher
of Alexandria (c. 500 A.D.).

In his Commentary on the Physics of Aristotle,”” Philoponus
discusses the physics of local motion and advances the impetus
doctrine in opposition to Aristotle’s doctrine that the medium is
propellant. For Philoponus, the medium is merely resistive and
exercises no propellant function; the impetus given to the
thrown body suffices to continue its motion until the resistance
to metion offered by the medium brings the body to rest., It
will be evident that in this doctrine of Philoponus we have the
implicit denial of the general principle that whatever is in
motion is moved by another.

The critical case in distinguishing Aristotle’s doctrine from
the impetus doctrine is motion in a void. According to the
Aristotelian principle a body could not move through a void
with either natural or violent motion because there is no pro-
pellant and no destination., According to Philoponus’ impetus
doctrine, motion through a void would occur with the greatest
facility, since there is nothing to impede it; no propellant is
needed and destination is determinate initially and not finally.

Philoponus discusses at some length the theory of ants-
peristasis, believed by some to account for the continuance of
the forced motion of a projectile; the supposed process whereby
the air moving round behind the arrow by some means pushes
the arrow forward. ILike Aristotle before him, Philoponus
decides that entiperistasis and its variants are incapable of
explaining the facts of forced motion. Unlike Aristotle he con-
cludes that therefore we must dismiss the notion of the air as
propellant. Thus he writes: *®

47 Selections in English translation will be found in M. R. Cohen and I. E.
Drabkin, Source Book in Greek Science (New York, 1948), pp. 217-223.
8 Cohen and Drabkin, loc. cit.



168 GAVIN ARDLEY

From these considerations and from many others we may see how
impossible it is for forced motion to be caused in the way indicated
[i. e, by the motion of the air]. Rather is it necessary to assume that
some incorporeal motive force is imparted by the projector to the
projectile, and that the air set in motion contributes either nothing
at all or else very little to this motion of the projectile. If, then,
forced motion is produced as I have suggested, it is quite evident
that if one contributes motion contrary to nature, or forced motion,
to an arrow or a stone, the same degree of motion will be produced
much more readily in a void than in a plenum. And there will be
no need of any agency external to the projector. . . .

We have seen that the Philosopher likewise found that anti-
peristasts, or any doctrine that relies entirely on the local move-
ment of the medium, is inadequate to account for violent
motion. We must recognize that what the projector imparts to
the medium is primarily a power of giwving motion, and any
local movement of the medium itself is incidental. Philoponus
appears to overlook this distinction; hence, having dismissed
the movement of the medium as inadequate to account for the
violent motion of the projectile, he mistakenly supposes that the
only alternative is the impetus of the projectile; he advances
this principle in spite of the fact that the impetus doctrine is
nonsense metaphysically.

Philoponus’ criticism thus fails to reach the essence of the
Peripatetic doctrine of the function of the medium; the Philo-
sopher’s doctrine of local motion is unshaken.

The Impetus Doctrine of Buridan.

The impetus doctrine was revived in the fourteenth century
at the University of Paris® by the Nominalist philosophers
under the leadership of Jean Buridan, Rector of the University

4 Tt is mainly due to the labors of the great French savant, Pierre Duhem, in the
early years of the present century, that the Jdoctrines concerning the natural sciences
current in the fourteenth century have been rescued from oblivien. The doctrine of
impetus has since been recognized in the work of the Dominican, Robert Kilwardby,
in the thirteenth century, and, it is claimed, in some of the Arab philosophers. It
would seem that this pernicious error, like all aberrations a2nd heresies, is always
lurking, awaiting an opportunity to show itself.
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(c. 1840) *° Buridan held that all locomotion, whether ter-
restrial or celestial, is governed by impetus. Buridan is the
parent of the mechanistic theory of the universe in its modern
cycle. His doctrines developed and spread steadily until they
were taken up with enthusiasm in the seventeenth century and
have been de rigueur well-nigh ever since in scientific circles.

In one of the sections of his Quaestiones on the de Caelo of
Aristotle,’* Buridan discusses local motion. He maintains that
the theory of impetus accounts for the facts much better than
does the Aristotelian doctrine of a propellant medium:

“ Finally we ask the question,” he writes, “ whether, when a
stone is thrown or an arrow is shot from the bow in like cases,
it is kept moving after leaving the projector by virtue of some
power intrinsic to it or by virtue of some extrinsic cause.”

Buridan argues first that the air offers a resistance to the
moving body and hence, he claims, it cannot be the propellant.
But we have already discussed this matter and seen that there
is no impediment to the notion of the air filling both roles in
different phases of its operation; so a swimmer could not be
propelled without the water, and at the same time experiences
a resistance from the water.

Next, Buridan brings forward the old objection that if
moving air keeps the projectile moving, what keeps the air
moving? This objection 1s, however, beside the point in con-
sidering Peripatetic doctrine, since Aristotle likewise dismissed
this theory as absurd and advanced the quite different doctrine
that the air is given not a movement, but the power of being
a mover.

Buridan goes on to discuss antiperistasts, and points out its
inadequacy to account for projectile motion; he recognises,
too, that the Philosopher did not accept the doctrine of anti-
peristasis as an explanation of the motion of projectiles. In

5° Buridan is popularly remembered today in connection with the psychological
dilemma of “Buridan’s ass.” But he was a man of wide learning and wrote ex-
tensively on all branches of philosophy.

5t Johannis Buridani, Quaestiones super Libris quattuor de caelo et munde (ed. E.

A. Moody, 1942) bk. III.
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refuting the antiperistasis doctrine Buridan puts forward the
interesting cases of the revolving hoop and the smith’s grinding
stone: it is manifest that in such motions of revolution, since
the air is not being cleaved, antiperistasis with regard to the air
brings no solution to the problem of the continuance of revolu-
tion for some time after the agent which set them revolving has
ceased to act.

Has the air any other influence on the persistence of revolu-
tion? Buridan proposes a number of experiments: for instance,
if you take a cloth and drive away the air contiguous to the
revoiving wheel you do not thereby stop the revolution. This,
and other tests of a similar character, Buridan believes, suggest
that the air is not concerned with the maintenance of the
rotation.

1t should be pointed out, however, that the argument from
the rotating wheel is somewhat oblique in its significance. For
rotational motion is not motion directed to a place, and is there-
fore of a radically different character {from rectilinear motion.
It is indeed the nature of the heavenly bodies to revolve un-
ceasingly in circles, propelled by the intelligences directing
them. But there is no natural circular motion beneath the
sphere of the Moon: the only circular motion found on Earth
is accidental or artificial, e. g. whirlpools, wheels of vehicles, ete.
Natural motion on Earth is rectilinear, up for light bodies and
down for heavy bodies, which thereby obtain their natural
places of rest and completion. This being so, the rotation of a
wheel or a grindstone is not, strictly, viclent, since it is not the
opposite of a natural rotation.

Hence in investigating the violent motion of an arrow the
example of the wheel is not directly relevant. Suppesing it were
true that a wheel set rotating would continue to rotate for some
time in vacuo (if there were such) . This would in no way
establish that a projectile would continue to move in vacuo
without a propellant medium, nor that a natural movement of
rise or fall would take place in a void where destination and
propellant alike fail.
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In fact, however, we can see that a wheel could not con-
tinue to rotate in a void when the operator has ceased, any more
than a stone could be thrown in a void. A propellant medium
must be at work for the continuance of rotation as for transla-
tion, although we do not fully grasp its mode of action. Buridan
is correct in maintaining that the process of contained rotation
is not one of antiperistasis; but, while the exact process escapes
us, the necessity for a propellant is evident from first principles.

Aristotle, after laying down that in viclent rectilinear motion
the medium has a propellant power conferred upon it by the
motor which persists for some time before attenuating to zero,
wisely desists from speculating into the precise mode of opera-
tion of this power. So, too, we must leave open the case of
the rotating wheel as regards the mode, while being assured of
the principles.®

Buridan, however, has no metaphysical scruples in abolishing
the need for a separate mover in accounting for the motion of
the projectile. Thus he continues:

Therefore, since these appearances and many other things cannot
be saved by that opinion [the motive power given to the alr], I
rather believe that the mover impresses on that which is made to
move not only the movement but equally some impetus or some
power or some quality—it does not matter by what name it is
called. This impetus, however, has the natural capacity for moving
that on which it is impressed, just as the magnet impresses on the
iron some power which makes the iron move to the magnet.”® And
insofar as the motion of the mover is quicker, so also is the impetus
more intense; and that impetus in the projectile or arrow is certainly
being diminished by the resistance contrary to it until it can no
longer make that projectile move. If you should find some other
way of saving Aristotle’s opinion and the appearances at the same
time, I should gladly adhere to it.

Thus we have the impetus theory or locomotion laid down

52 The effect of rotation on the flight of a golfball is interesting in this connection:
It is admitted on all hands that the swerve of the spinning ball is due to the air
the further claim of the Peripatetic physics is that the translational motion, too, is
due to the air.

58 Physic. 267 a 2.
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explicitly. In his Quaestiones on the Physics of Aristotle, Buri-
dan applies the principle of impetus to the movement of the
heavenly bodies.™

By means of the principle of impetus Buridan bridges the
disjunction which had formerly been held well-nigh universally
between the celestial and terrestrial realms. For Buridan, all
local movement is governed by impetus, whether it be of the
arrow or the revolving star. He thereby abolished the distine-
tion between the four terrestrial elements with radical natural
motion and the fifth element of the heavenly bodies with circu-
lar natural motion; at the same time he abolished the doctrine
that the heavenly bodies are pronelled by motor intelligences or
angels. All is now subject to the reign of impetus.

At the Creation, Buridan contends, God set the heavens in
motion; they have continued in those motions ever since by
virtue of their mmpetus. Because of this automatic motion God
no longer needs to make special provision to propel the heavens,
and indeed this is Bundan’s exegesis of the statement in Scrip-
ture that God rested on the seventh day.

Buridan’s doctrine of original impetus thus leads to a funda-
mentally different conception of the governance of the world
from that entertained by St. Thomas. For the latter, God is the
first cause of all being and all activity in the world; not merely
the first cause in time, but the first cause immediately in the
hierarchy of being and action, both efficiently and finally; in-
deed, the world may not have been created in time at all (St.
Thomas contends that this cannot be known from creatures,
but rests on Revelation) , but Ged would still be the first cause
of everything in Nature. Buridan puts God’s principal function
into the creation of the world at some epoch in the past; God’s
role since then, as Buridan sees it, might be likened to that of a
retired monarch who contemplates the autonomous evolution
of the world he started; the constant governance of the world
by Divine Providence is thus implicitly denied.

This aberrant teaching about the locomotion in the world

54 Bk. VIIL, q. 12 (cf. Duhem, Leon. t. 8, p. 341.).



THE PHYSICS OF LOCAL MOTION 178

flowed outwards from the University of Paris in a great wave
of naturalistic philosophy, and became the parent of the
mechanistic philosophy and cosmologies of later centuries.

II

Locar Morion i1n MopeErN PHYSICAL SYSTEMS

We have considered the nature of local motion as revealed
in the philosophia perennis, and remarked the aberrant doctrine
of impetus. The impetus theory of locomotion, propounded by
the nominalist philosophers of the University of Paris in the
fourteenth century, became one of the fundamental articles of
the new physical science of the seventeenth century. This
doctrine of impulse has, seemingly at least, remained funda-
mental to physics throughout its evolutions until our day.
However, closer inspection of the systems of physics prevailing
since Newton reveals that the principles of locomotion found
in those systems are more equivocal than might appear at first
sight. Modern or ‘ Kantian ’ physics, by its own pragmatically
governed development, has forsaken the simple impetus prin-
ciple of Newtonian mechanics, and in our time, under the name
of “ wave-mechanics,” has produced a theory of locomotion
which is remarkably analogous in form to the Peripatetic
principles, albeit without the inner substance possessed by
those principles.

The evolution of the theory of locomotion illustrates a
general characteristic of Kantian systems: under their innate
utilitarian impulsion they tend to evolve into fragmentary and
spectral counterparts of the real hierarchical science of nature.

The Peripatetic and the Newtonian Systems.

It is remarkable that the action of the circumambient
medium should have been rated so low by the later Scholastics
and the seventeenth-century physicists. It is manifest that the
medium exercises a very potent influence on local motion: drop
a stone in air and then in treacle and observe the difference in
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its motion. To dismiss this difference as merely secondary is
patently quite artificial and ad hoc.

We have seen that in the Peripatetic doctrine sub-lunary
lIocal motion is due to a) the medium, which has a propulsive
and a resistive function; b) in natural motion, the form of the
body determining its destination; ¢) in violent motion, what-
ever force is communicated initially by the violent agent to the
body and the medium. In the case of the motion of the
heavenly bodies these external factors are replaced by one:
the motor intelligence.

The Newtonian picture of the universe is fundamentally
different from the Aristotelian. Newton’s universe is an infinite
void containing discrete, mutually gravitating, massive par-
ticles obeying the three laws of motion. The behavior of these
particles is considered to be determinable mathematically from
any given initial configuration by the application of the in-
finitesimal calculus which Newton propounded to be a neces-
sary ancilla to his system of physics.

The feature which appears immediately as the direct anh=
thesis to Aristotle’s universe is that Newton’s space is an
infinite undifferentiated void; while for Aristotle space has a
structure: it is a finite sphere with a determinable center and
periphery, and every corporeal body in the world has its own
natural place within that sphere, which place it constantly
strives to attain if it does not already reside there. Hence, for
Aristotle, all locomotion must have an end or goal; it cannot
continue indefinitely or to mnfinity; without a determinate goal
there could be no natural locomotion; no body could be moving
to a place at which it could never arrive.”® Thus, contends the
Philosopher, the universe can be neither void nor infinite, since
in either case there would be no natural movement in the world,
which is a manifest absurdity: if it were infinite there would be
no middle nor up nor down, i.e., no differentiation in space;
and similarly, if it were void, the void being nothing, and there
being no difference in what is nothing, there would once more

58 De Caelo 274 b 15; 277 a 27, etc.
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be no differentiation; and in both cases there would In conse-
quence be no natural places for bodies to seek, and hence no
natural motion.*

Further, continues the Philosopher, if the universe were
either infinite or void or both, then “no one could say why a
thing once set in motion should stop anywhere; for why should
it stop here rather than here. So that a thing will either be at
rest or must be moved ad infinitum, unless something more
powerful get in its way.” ™"

Some two thousand years later Newton was to announce the
same theorem in his Principia as his first law of motion; the
foundation stone of the Newtonian system was the very propo-
sition which Aristotle had advanced as a reductio ad absurdum.

Newton, after laying down a model of the universe as an
infinite void proceeds to enunciate the first law of motion for
the bodies contained therein: “ Every body continues in its
state of rest, or of uniform motion in a right line, unless it is
compelled to change that state by forces impressed upon it.” *®

It will be observed that Newton preserves the notion of
natural motion, but for him natural motion is of quite a differ-
ent character from Aristotle’s natural motion. Indeed, we have
the paradox that Newton’s “ natural ” motion never occurs in
Nature, since there is no body in the universe completely free
from external forces. The fall of the stone and the ceaseless
revolutions of the heavenly bodies, which for Aristotle ex-
emplify natural motions, are for Newton forced motions.

We have remarked that the strength of Newtonian and allied
systems of physics is pragmatic rather than rational. The
system of Newton, insofar as it may profess to rest on principles
of a philosophical nature, has little to recommend it; the prin-
ciples which are implicit in Newton’s fundamental theorems
are evasive and eccentric. The true character of this system
will be rendered more evident by viewing it in a wider context
of physical theories.

58 Physic. 215 a.
57 Ibid. 215 a 20.
58 Newton, Principiac Mathematica (ir. Motte, ed. Cajori), p. 181.
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Theories of Light.

Newton extended the principle of the motion of particles to
several branches of physics, and notably to the theory of light.
He envisaged light as a stream of corpuscles emitted from the
Iuminous body; the corpuscles impinging on the retina of the
eye give rise to the sensation of vision. These corpuscles chey
the laws of motion, and by making various assumptions the
elementary phenomena of optics, rectilinear propagation, reflec-
tion, refraction, etc., were readily accounted for.*

However, Newton’s contemporary, Huyghens, proposed quite
a different theory concerning the nature of light. Huyghens
envisaged light not as a stream of corpuscles but as waves
spreading from the source, as the ripples on the surface of a
pond when we throw in a pebble. In the wave theory, too,
‘the elementary properties of light were readily explained.®

From the seventeenth century to the early nineteenth
century the corpuscular theory of light was generally adhered
to. But early in the nineteenth century, chiefly owing to the
work of Young and Fresnel on the phenomena of interference,
the wave theory replaced the corpuscular theory in popular
acceptance.

The later development in the theories of light are too well
known to require lengthy description; we shall merely recapitu-
late the basic characteristics in order to discuss their signifi-
cance.

Towards the end of the nineteenth century, coranmencing with
the study of the photo-electric effect, corpuscle-like properties
came to be recognised in light as well as wave-properties. In
the year 1900 Max Planck was obliged to introduce his cele-
brated quantum theory of radiation to account for the shape of
the energy distribution in the radiation from black bodies. Ac-
cording to the quantum theory, radiation is not emitted from
the source in a continuous manner but is discontinuous in space
and time, i.e., 1t is emitted, not as spreading waves, but as

50 Newton, Opticks (Ist ed., London, 1704).
0 Christian Huyghens, Traité de le Lumiére (Leiden, 1690).
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“ bundles ” or quanta. Each quantum has an energy of h v erg,
where v sec™. is the frequency of the radiation, and h erg. sec.
is Planck’s constant.

From this and subsequent developments, the quantum
theory of radiation became firmly established. Light was re-
garded as having a dual nature: in some respects it was wave-
like, and in other respects particle-like. But there was as yet
no satisfactory bridge between the two natures.

From about the year 1925 onwards it came to be recognised
that matter also has a dual nature; in some respects matter
behaves like particles and in other respects like waves. This
discovery was due to the experimental investigations of Davis-
son and Germer and of G. P. Thomson on the diffraction of
electron beams and to the theoretical work of de Broglie
on the close analogy between the equations of optics and
mechanics.

If we have a stream of particles each of mass m gm. moving
with a velocity of v cm. sec™. then the associated wave length
of such a beam is given by the equation

h

mv

where h is Planck’s constant. The wave properties of a beam
of electrons are determined by this relation, and Iikewise for all
moving bodies; for instance, a rifle bullet in flight has its
associated wave whose frequency is thus determined by the
bullet’s mass and velocity.

Thus by about 1925 it was generally recognized that both
matter and radiation have dual natures: in some respects they
are particle-like and in other respects wave-like. This duality
was still a contradiction, however, since as yet the wave and
particle theories were merely juxtaposed as alternatives rather
than integrated into a unified theory.

The Characteristics of the Two Systems.

We see then that from the seventeenth century until the first
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quarter of the twentieth century two patterns were normative
in theories of physical science, namely waves and particles:

(1) Waves. These were held to owe their movement
entirely to the medium; the source merely initiates the dis-
turbance and thereafter the medium takes charge. So, when
we drop 2 stone into a pond and create spreading waves, the
behavior of the waves is determined by the medium, namely
the water. (More specifically in this case by gravity and
surface tension). This total dependence on the medium is
clearly shown by the well-known equation for the velocity of
{ransmission of elastic waves 1n a medium; thus:

%/ modulus of elasticity of medium

vel, = : ;
density of medium

(2) Particles: These were held to owe their movement
enfirely to themselves in accordance with Newton’s first law
of motion, once an Impetus is imparted to them initially by
the source. A homogeneous medium plays no part in the
transmission of the particles except to act as a hindrance.

Wave and Particle Theories and the Peripatetic Doctrine.

It is most instructive now to compare the theories of wave
propagation with the Peripatetic doctrine of local motion. The
Peripatetic theory holds that local motion is due intrinsically
to a combination of (1) the motive influence of the medium,
and (2) the influence of the source in violent motion and the
goal in natural motion.

In violent motion the motive cause initiates the movement
and gives to the medium the power of continuing the move-
ment to its intended destination, as when the archer shoots the
arrow at the target. In natural motion, when the hindrance is
removed, the body moves under the intrinsic motive power of
the medium to its proper destination; it generally increases in
speed as the goal is approached owing to its growing appetite
for completion and rest as it nears its end.

Tt appears then that the wave and particle theories of classi-
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cal physics may be regarded as, in form, two fragmentary
extremes separated off from the Peripatetic doctrine. The Peri-
patetic physics envisages both the activity of the medium and
that of the source or goal; the wave theory concentrates entirely
on the medium, the particle theory entirely on the source.

The theories of locomotion in classical physics may thus be
described as polar with respect to Peripatetic physics. The
theory of light since the seventeenth century has oscillated
between the two poles and has recently become ambivalent.
The theory of matter has recently undergone a similar trans-
formation.

The Theory of Wave M echanics.

After 1925 the dual nature of both light and matter had
become firmly established. The next step was to solve the
antithesis by means of a unified theory. This was accomplished
in the mathematical structure now known by the titles of
“ wave-mechanics ” and “ quantum-mechanics ”; they were due
to the labors of a number of theoretical physicists, notably de
Broglie, Schrodinger, Heisenberg, Dirac, ete. Schrodinger was
able to show that the abstract “ quantum-mechanics” of
Heisenberg was mathematically equivalent to his own system
of * wave-mechanics.” ®* Accordingly we need consider here
only the system of wave-mechanics.

The wave-mechanics brings the wave and corpuscular aspects
of light and matter together inte a higher synthesis. As we
might expect from such a synthesis, in view of the polarization
of classical theory, the general pattern of wave-mechanics is
manifestly aligned with the Aristotelian doctrine of locomotion;
albeit that the inspiration of the modern system is pragmatic,
its character partial, and its substance a simulacrum, whereas
the ancient system is truly hierarchic and real.

This formal approach to the Peripatetic doctrine of loco-
motion has come about in the course of the natural evolution

% E. Schrédinger, dnnalen der Physik, 79, 1926, “ On the relation between the
Quantum Mechanics of Heisenberg, Born and Jordan, and that of Schrédinger”
(Eng. tr., Coll. Papers, London, 1928) .

4
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of pragmatic physics; an approach which could scarcely have
been dreamt of by nineteenth-century physicists with their
horizon narrowly bounded by the disparate wave and particle
theories. The physicists of the seventeenth century by failing
to observe the artificial character of the new theories of physics
were alienated from the ancient science of nature.®” But in the
twentieth century with the substitution of wave-mechanics for
Galilean-Newtonian mechanics, the prima facte conflict between
the new and the old principles is substantially reduced, and
so the historic pretext for the unreasoning rejection of the
Aristotelian natural science loses its force.

The theory of wave-mechanics is principally the creation of
Louis de Broglie, extended by the work of Schrodinger.®® The
object of his work de Broglie expressed thus:

Under pressure from the results of experiments, physicists have
been obliged to admit that the old dynamics, even when enlarged
by relativistic ideas, could not interpret phenomena involving
quanta. Today it appears necessary to create a new mechanics
closely connected with the theory of waves. This is the idea which
I have been endeavoring to work out for some years, and which the

recent beautiful work of Schrédinger has rounded off and extended.
64

The object of the wave-mechanics is to create a synthesis em-
bracing both the dynamics of a material particle and the theory of
waves as conceived by Fresnel. On the one hand, the effect of this
synthesis must be to introduce the idea of points of concentration
of radiant energy into optics, an idea which at present seems to be
required by the recent results of experimental physics; on the other
hand, it must introduce the conceptions of the theory of waves into

2 There were a few more in the seventeenth century, such as Cardinal Bellarmine,
who suspected the equivocal character of the new sciences. But little heed was paid
to their judicious counsel.

% De Broglie unfolded his new theory in a doclorate thesis in 1924, followed
by a series of papers. The most interesting of these papers, translated into English,
will be found in de Broglie and Brillouin, Selected Papers on Wave Mechanics
(London, 1928).

¢ De Broglie, “The Principles of the New Wave Mechanics” (1926), Selected
Papers, p. §5.
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our picture of material particles in order to account for the occur-
rence of quanta in mechanics, and for intra-atomic phenomena.

De Broglie founded his system on the remarkable parallel
between the classical dynamics of a material particle and the
theory of geometrical optics.®® He postulated a fundamental
connection between waves and corpuscles in order to explain
the equivalence of the laws. Thus he associated the propaga-
tion of waves with the motion of all the different kinds of
elementary particles; he took the particles to be points in the
wave where In some way energy is concentrated, so that the
laws of wave propagation are fundamental, and the dynamical
laws governing the motion of a particle are deductions from the
laws of wave propagation. The dynamics of light quanta were
taken to be the limiting case of the dynamics of ‘material”’
particles when the velocity approaches the constant c.

The wave-mechanics of de Broglie was extended by Schréd-
inger who developed the fundamental equation governing the
propagation of the waves in terms of the wave function ¢.
This system gives an integral theory in which particles and
quanta are everywhere guided by y-waves. The wave function
s thus becomes the fundamental entity in modern physics.

Wave-Mechanics and Newtonian Mechanics.

The system of wave-mechanics supersedes Newtonian dy-
namics for the motion of bodies. Insofar as the Newtonian
dynamics is successful the two systems give identical results.
Thus, in the case of the deflection of a beam of electrons by an
electric field we have the two interpretations:

(1) In the Newtonian system, the force exerted by the
field on the charge of the electron deflects the electron which
pursues a curved path of a radius at each point determined by
the magnitude of the deflecting force.

(2) On the wave-mechanics system, we consider not the
electrons, but the guiding waves. When the y-waves enter the
field they are changed in wave-length (by an amount corre-

% Ibid., p. 133. * Ibid., p. 9.









































































































































































































































































































