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DE



E N A T



S-C A R



I



TE



S



MUSICS COMPENDIUM



AMSTELODAMI, .Apud



]OAHEM



]



AxssoKiuMJuniorem.



b b



c



LVK



COMPENDIUM



MUSICS. RENATI CARTESIL Hujut obic&umejl Sonus. at dcledetjvariofque in nobis movcat fieri autem poflunt cantilenae fimul trifles deledabiles , nee minim tarn diver-



Inis



affcdus ,



&



fa.Ita enim clegeiographi &; tragoedi eo



gis placent excitant.



,



quo majorem



UWedi* ad finem



,



vel



in nobis



ma-



ludum



So* jjfctfionts dv*



font prxcipux , nempc hugut different** in rain rat ioncintcnfionis circa acutionedurationisvcltcmporis >



&



turn aut grave ,



quo



nam de ipfms



foni qualitate , ex exeat , agunt Phyfici. pado gratior



quo corpore Sc



Id tantum vidctur vocem humanam nobis gratiffimam rcddere, quia omniam maxime conformis eft noftris fpiritibus. Ita forte etiam amicifllmi gratior eft quam inimici ex fympathia & di~ fpathiaaffcduum , in cadcm ratione qua ajunt ovis pellem tcnfam in tympano obmutefccre fi feriatur , lupina in alio tympano rcfonantc.



PrtnotanJa. i-



QEnfus omncs alicujus deledationis funt capaccs.



Odam *



Adhanedeledationemrequirimr proportio quobjcdicum ipfo fenfu , unde fit ut v. g. ftrepkus fcloporamvcltonitruumnorividcaturaptusadMuficam^uia fcili'



cet aurcs Izdcret, ut oculosfolis adverfi nimius



3*



Tak objeOum



effe dcbct ut



fplcndon



non nimis difficulter



& con-^



fusecadatinienfum , unde fit utv. g valdc implicataaliquafiguIkct rcgulares fit , quali eft mater in Aftrolabio , nonadeo



A



placcat



TRANSLATOR'S NOTE The



suggestion to translate this treatise came from my Roy T. Will, then Professor of Music Theory t Indiana University* He also contributed materially to the progress initial



colleague Dr.



two of his annotations were taken over without change, and are so marked with the initials R.T.W. I am furthermore indebted to my teacher and colleague Dr. Fred of the work;



Householder of the Department of Classical Languages at Indiana University for advice and corrections, and to Dr. Willi Apel for his



many pertinent and valuable The responsibility for the



suggestions.



English rendering



is



entirely mine.



W.R.



INTRODUCTION May, 1617, at the age of twenty-one, Ren Descartes joined the army of Prince Maurice of Nassau (1557-1625), one of the most important leaders of the rebellion against Spain. At that time In



were stationed nepr Breda, in the province of Brabant. Since peace at least temporarily prevailed, and since Descartes preferred to avoid the company of mercenaries (he belonged to the privileged class of gentilhommes), he found ample time for reflecthis troops



ion



and



writing* Descartes also



found pleasure, however,



in



making



the {acquaintance of the civilian mathematicians and engineers who frequently visited the army camp in order to confer with those military personnel who were working in their fields. It was at this time, in particular, that he met and became the friend (except for rift) of Isaac Beeckman (1588-1637), a well-known mathematician ,and the Principal of the College of Dort. In December of 1618 Descartes presented the Compendium



one short



Musicae, which he had written that same year ! to Beeckman as a New Year's gift. Since he realized its deficiencies, Descartes request,



ed Beeckman



keep secret the existence of the work; a defective found its w,ay into circulation and was widely read copy, however, to



by other mathematicians and senne



( 1



scientists,



among them Marin Mer-



588-1 648 ) one of Descartes* oldest and most valued friends. ,



Between 1629 and the publication of Mersenne's Questions Har~ moniques in 1634 Descartes wrote several letters to Mersenne explaining and elaborating on points presented in the Compendium, as well as introducing new and related material (such as how a string divides itself in order to produce overtones). There can be no doubt that Descartes was responsible for much of the material presented by Mersenne in his Questions Harmoniques, De la A/a-



1



8



So



stated in his letter to



Mersenne of October or November, 1631.



tare des



Sons (1635), and



the well-known



Harmonie Universelle



(1636).



Although the Compendium makes it clear that Descartes had at a rudimentary knowledge of overtones (the discovery of which is usually attributed to Sauveur in the early eighteenth least



century), the letters reveal that during his later years Descartes learned more about them and that he actually realized the vibration-



He similarly instructed Mersenne, correspondence, on sympathetic vibration ,and on the relation existing between string tension and pitch* Perhaps the most interesting discussion in the letters stemming from the Compendiumal ratios



of the lower partials



2



.



in his



however,



is



that elaborating on the sentence (see section entitled in Sound"), "Even animals can dance to rhythm



"Number or Time if



they are taught and trained". In



this discussion



casts the conditioned-response theory



made



(1849-1936) nearly three hundred years



3



f-amous



later.



Descartes fore-



by Ivan



It is



PavW



probablv no



coincidence that Pavlov had a bust of Descartes on his mantelpiece. Perhaps the greatest importance of the Compendium Musicae, is the influence



which



it



had upon the grept French



Rameau (1683-1764), who



Philippe the theory of inversion hinted



The lino



carried to



its



theorist Jean



logical conclusion



but never realized, by Descartes. influence other important upon Rameau was Gioseffe Zar-



(1517-1590).



The



at,



between many of Descartes* rearmoniche (1558) and



similarity



marks and those of Zarlino



in his Istitutioni



the fact that Descartes, in the Compendium, admits having read work indicate that Descartes was indebted to Zarlino for many



the



puzzling th^t Descartes nowhere acknowledges this indebtedness and th


it is



superciliousness ("I believe that ed from our basic principles'*).



more and



better rules can be deriv-



that of a perceptive Humanist His opening remarks concerning the relationship of music to the emotions and to the soul ,are typical of Humanist thought, but



Descartes' aesthetic viewpoint



2 See letters to 3



See



letter to



is



Mersenne dated 22 July 1633 and end of November, 1633. Mersenne dated 18 March, 1630.



among the "Preliminaries" and the analogy between music and food in the section entitled "The Fifth" indicate a more item number 7



modern point



ot view, a point ot



view with which Mersenne was



never able to agree. Another Humanist touch is the delightful, and probably tongue-in-cheek, "apology" with which the Compendium ends.



The Compendium Musicae was



not published until shortly after English translation, unavailable to the present translator, appeared in London in 1653, and In 1658 a translation into French by Pere Nicolas Joseph Poisson (1637Descartes' death in 1650*



An



1710) was published as part of a volume which also includes "Eclaircissements et Notes" and a translation of the treatise on



Mechanics. In the remarks accompanying his translation Poisson



Compendium represents the groundwork for a more work on the same subject, but there is no evidence that Descartes had any such work in mind. The edition used for the present translation was published by Johannes Jansson, Jr. in Amsterdam in 1656. states that the



detailed future



Since



many



of Descartes' letters constitute important



addenda



to



Compendium, a list of these, together with the subjects to which they refer, has been added following the translation. the



C.K.



10



COMPENDIUM OF MUSIC The



basis of music



enjoyable; nor elegies



sound;



is



various emotions in us



l .



its



aim



is



to please



and



to



arouse



Melodies can be pt the same time sad and



same way writers of and tragedies please us most the more sorrow they awaken is



this so unique, for in the



in us.



The means



to this end,



pally two: namely,



its



the attributes of sound, are princi-



i.e.,



differences of duration or time,



and



its



differ-



2



from high to low. The quality of tone itself (from what body and by what means it emanates in the most pleasing manner) is in the domain of the physicist. ences of tension



The human



voice seems most pleasing to us because



directly attuned to our souls.



close friend



is



more agreeable than the voice



sympathy or antipathy of



of



sheep-skin stretched over a



when



struck



same time 3



if



By



feelings



drum



it is



most



the same token, the voice of a



~



of an



just as



enemy because



it is



will not give forth



a wolf's hide on another drum



is



said that a



any sound



sounding at the



.



PRELIMINARIES 1.



All senses are capable of experiencing pleasure.



2.



For



some kind between must be present. For example, the



this pleasure a proportional relation of



the object and the sense noise of guns or thunder



itself is



not



fit



for music, because



it



injures the



Typical of the Humanist doctrine of the Middle Ages and Renaissance. Compare St. Thomas Aquinas: "...huiusmodi enim musica instrumenta magis animum movent ad delectationenT. 2 For an explanation of Descartes' use of the word (intensionis) see section entitled "The Steps or Musical Tones". 1



3



Untrue, of course, but the acoustical principle of "masking"



may he



implied 11



ears, just as the excessive glare of the sun, if



hurts the eyes



looked at directly,



4 .



fall on the sense in object must be such that it does not a very complex a therefore, confused or too complicated fashion;



3,



The



the "matrix" on an astrolabe, design, even though it is regular, like another is not as pleasing to the sight as consisting of more equal lines, such as the "net" on the same astrolabe. The reason for this is



in the th^t the sense finds more satisfaction in the latter than where there is much that it cannot distinctly perceive.



former,



by the senses when the



4.



An



5*



We may say that the parts of a whole object are less different



object is perceived more easily difference of the parts is smaller.



when



there



is



greater proportion between them.



This proportion must be Arithmetic, not geometric, the reason being that in the former there is less to perceive, as all differences are the same throughout. Therefore, in its attempt to perceive everything distinctly the sense will not be so strained. For example, 6.



the proportion obtained between



2



I



3L__J is



I



I



|



|



easier to perceive visually than this:



2



for in the first instance one need perceive only that the difference between any two lines is the same, while in the second example it is necessary to compare parts AB and BC which are incommensur*able; therefore, I believe they cannot, under any circumstances, be perceived perfectly at once, but only in relation to an arithmetic



4 Compare Zarlino quoting Aristotle: "...thus the eye, looking at the sun, is offended, for this object is not proportioned to it." (Tr. in Strunk, Source Read" ings in Music History* p. 249.) lids is one of the many instances which imply that Descartes was very familiar with Zarlino's Istifationi acmoniche. 12



AB



consists of two parts, whereas proportion, by realizing that consists of three 5 It is clear that the mind is in this case



BC



.



constantly perplexed. 7. Among the sense-objects the most Agreeable to the soul is neither that which is perceived most easily nor that which is perceiv-



ed with the greatest difficulty; it is that which does not quite gratify the natural desire by which the senses are carried to the objects, yet is



not so complicated that it tires the senses. Finally, it must be observed that variety



8.



pleasing. After these statements of sound, that is,



we



shall deal



NUMBER OR TIME



IN



is



in all things



with the



most



first attribute



SOUND



Time in sound must consist of equal parts, for these are perceived most easily according to point 4 above, or it must consist of parts which are in a proportion of 1 2 or 1:3; this progression cannot be extended, for only these relations can be easily distin^ guished by the ear, according to points 5 and 6. If time values were of greater inequality,, the ear would not be able to recognize their :



differences without great effort, as experience shows; for should I, for example, place five even notes against one, it would be almost impossible to sing. One may object that four notes or even eight



can be placed Against one, and that consequently we must carry our progression as far as these numbers. But I answer that these numbers are not prime to each other and, therefore, do not create



new



proportions. They simply multiply the two-to-one ratio; the proof for this is that they can be used only in pairs; for I cannot write such notes individually if the second is a fourth [the duration] of the first one:



one of the statements which, as Descartes remarks to Beeckman in 24 January, 1619, are "mal digere", confus et expliqu trop brieve4 ment". Arithmetically AB 2, and BC 1/8, so the statement is not i/8 true. It is so dose to being true, however (the difference amounts to only 0.16 of a part), that Descartes might well have said, "by realizing that AB and BC are almost exactly in the proportion of 2 parts to 3". 5



This



is



his letter of



=



=



13



Only



this



where the



combination last



is



possible,



two together are equal



therefore, simply a



to one-half of the



first*



This



2 proportion multiplied* is, of proportion in time, two types of mentwo kinds Based on these suration are used in music; namely, division into three units or into



all



the



:



7 6 by the bar or measure as it is to aid our imagination, so that we can more easily apprehend parts of a composition and enjoy the proportions which must



two. This division called,



1



is



indicated



,



often stressed so strongly among the components of a composition that it aids our understanding to such an extent that while hearing the end of one time unit, we still prevail therein. This proportion



is



remember what occurred at the beginning pnd during the remainder of the composition. This happens when the entire melody consists of 8 or 16 or 32 or 64 units, etc., i.e., all divisions result from a 2 proportion. For then we hear the first two units as one, then a third unit to the first two, so that the proportion is 1:3; on hearing unit 4, we connect it with the third, so that we apprehend 1



:



we add



them together; then we connect the



first two with the last two, so a that unit; ,and so our imagination proceeds grasp those four as to the end, when the whole melody is finally understood as the sum



we



of



many



Few



equal parts. are aware how in music with diminution



8 ,



employing



many



voices, this time division is brought to the listener's attention without



the use of measures



9 ;



this, I say, is



accomplished in vocal music by



stronger breathing and on instruments by stronger pressure, so that at the beginning of each measure the sound is produced more distinctly;



singers



and instrumentalists observe this instinctively, with tunes to which we are accustomed to Here we accompany each beat of the music by



especially in connection



dance and sway 10, a corresponding motion of our body; we are quite naturally impelled to do this by the music. For it is undoubtedly true that sound 6



percusszo. 7 battota. 8



musica vatde diminuta. seems to imply both "accent" and "tactus".



9 battuta 10



14



An



early manifestation of the "tyranny of the bar-line".



strikes all bodies



on



all sides,



as one can observe in the case of



and thunder; the explanation for this I leave to the physicist ". Since this is so, and since, as we have said, the sound is emitted more strongly and ckjarly at the beginning of each measure, we must conclude that it has greater impact on our spirits, and that we



bells



are thus roused to motion.



It



follows that even animals can dance



they are taught and trained, for stimulus to achieve this reaction. to



rhythm



if



it t-akes



only a physical



As



regards the various emotions which music can arouse by employing various meters, I will say that in general a slower pace arouses in us quieter feelings such as languor, sadness, fear, pride, etc.



A



same



pace arouses faster emotions, such as joy, etc. On the one can state that duple 12 meter, 4/4 and all meters



faster



basis



divisible



by two,



are of slower types than triple meters, or those parts. The reason for this is thpt the latter



which consist of three



occupy the senses more, since there are more things to be noticed in them. For the latter contain three units, the former only two. But a more thorough investigation of this question depends on a detailed study of the



movements of the



soul, of



which no more.



cannot, however, pass over the fact that time in music has such power that it alone can be pleasurable by itself; such is the case with the military drum, where we have nothing [to perceive] but I



am



of the opinion that here the meter can be composed not only of two or three units but perhaps even of five, seven, or more. For with such an instrument the ear has nothing to



the beat; in this case



occupy



its



I



attention except the time; therefore, there can be hold the /attention.



more



variety in time in order to



THE DIFFERENCE OF SOUNDS IN REGARD TO HIGH AND LOW can be studied principally under three aspects: sounds produced by different bodies at the same time, those which are produced successively in one and the same voice, and finally those which are producII



Today



12



de duplici genere



this



phenomenon



is



battute.



known



as "diffraction".



Here an



alternate translation of battuta seems



advisable.



15



ed successively by different voices or by different sounding bodies. By the first method consonances are produced, by the second method the steps, by the third those dissonances which are closer to consonances. It



is



clear then that in consonances the diversity of



sound must be less than in steps, for this diversity would tire the ear more in sounds produced simultaneously than in sounds produced successively. The same holds true, to an extent, in regard to the difference between steps and those dissonances which are permissible



between different voices.



ABOUT CONSONANCES The



thing to state is that the unison is not a consonance, there is no difference of sounds in regard to high ,and related to consonance as is "one to the other numbers.



first



because in



it



1 '



low;



it is



We observe further that of the two pitches



13



which are required to form a consonance, the lower is far the more powerful and somehow includes the upper ones; this is manifest on the strings of the lute 14 For when one of these is being plucked, the ones which are an octave or a fifth higher vibrate and sound 15 audibly of their own Accord; the strings that are lower [than the one plucked] do not do this at all. The reason for this can be explained as follows: pitch is related to pitch like string to string. Each string includes all .



Each pitch contains, therefore, all higher pitches; but lower pitches are not contained in a high pitch. It is therefore cle


of a consonance must be found division



stated above.



A



A 13



" 15



by



must be arithmetic, that



is



division of the lower one; this



into



C



D



even



parts, as



we



have



B



E



B



tecminos. fesfcidb.



.



Possibly the



first



mention of sympathetic vibration in a theoretical



treatise.



Let



AB



the first of



be the lower all



pitch; if



consonances



I



I



wish



to find the higher pitch of



must divide the pitch by the first of all is done in point Then AC and AB



numbers, that is by 2; this differ from each other by the called octave or diapason. If



I



C



of



consonances, which is wish to -determine the other consofirst



all



nances which follow immediately after the first, then I shall divide AB into three equal parts* I shall then have not only one higher and AE. From these result two consonances of pitch but two,



AD



the same kind, the twelfth and the



qan divide the



fifth. I



line



AB



also into 4, 5, or 6 parts. Further than that, however, the division



cannot proceed.



The



ear would not be keen enough to distinguish



greater differences of pitch without effort



Here we must observe



that the



first



16 .



division produces only



consonance; the second, two; the third, three,



diagram



etc.,



one



as the following



illustrates:



Figure 1



These are not all the consonances, but must first de^al with the octave.



to find the others



we



16 This is either a rather naive excuse for remaining within Zarlino's senario or evidence that Mersenne was correct in claiming that Descartes had a "poor



ear".



17



THE OCTAVE From what we have consonances.



all



It is,



said



it is



clear that the octave



is



the



first



of



after the unison, the easiest for the ear to



perceive. This can be tested also



on



pipes, for they will immediately



if they are blown with stronger reason the pitch leaps up one oc-



give forth a pitch one octave higher



breath than usual



The only



17 .



tave rather than a fifth or any other interval is that the octave is the first of all consonances and differs least from the unison.



From



this it also follows, I believe, that



no pitch



is



heard without



18 This is the reason higher octave somehow sounding audibly the thicker one adds to on lute the strings, which produce the why



its



.



lower sounds, thinner strings which are tuned one actave higher; these are always sounded simultaneously and make the lower ones



more



from



distinctly audible. It is also clear



this that



no pitch which



consonant with one tone of an octave can be dissonant with the



is



other tone of the same octave.



Another feature of the octave is the fact that it is the largest of consonances 19 This means that all other consonances are either contained in the octave or ,are composed of an octave plus one of all



.



the consonances that are contained in



it.



This can be proved by the



if the two pitches of a consonant interval exceed the distance [of one octave] , I can, without further division of the lower tone add an octave to the



fact that all consonances consist of equal parts; so



upper tone; the addition of an octave clearly makes no change



in



the interval.



To



I



I



I



I



illustrate:



Let



AB



B



be divided into three equal parts, of which AC and AB I say then that this twelfth consists



are at the distance of a twelfth;



of an octave plus the residue, to wit, a



fifth.



For



it



consists of



AC,



17 The first overtone or second partial. Descartes used a flute in his experiments (see letter toMersenne dated 18 March, 1630); this is an open pipe. Stopped pipes cannot produce the first overtone and over-hlow at the twelfth. 18 Possihly the earliest theoretical reference to the aural perception of an overtone. This differs from the situation of footnote 1'7 in that here both fundamental and second partial are sounding simultaneously.



19



18



Le., the largest of all simple consonances,



as explained



later.



an octave, and AD, AB which is a fifth 20 With other consonances the same is true. Consequently, the octave does not increase the number of proportions when it enters into the



AD, which



is



.



composition of other consonances, s all other consonances do; it therefore the only consonance which can be multiplied by itself. For when the octave [proportion] is doubled it gives only 4; when



is



is doubled again it gives 8. Let, by contrast, a fifth (the first consonance after the octave) be doubled, and it will give 9. For from 4 to 6 is a fifth, and so is from 6 to 9. This number [9] is far greater than 4, and exceeds the series of the first six numbers,



it



which includes



previously mentioned consonances. From this it follows that all possible consonances are of three kinds: first is the simple consonance, the second is a combination of all



the simple consonance and the octave, the third is a combination of the simple consonance with the double octave. There is no other



kind of consonance; nor can there be a combination of



triple



octave and another simple consonance, for these are the limits; one cannot go beyond three octaves. The reason is that the numbers in



We



the proportions would be too large. listing of all existing consonances, as



I



can



now make



have done



a complete



in the following



figure.



Figure 2 20 T A i.e,



AC 3AC 19



although we did not can be derived from our statements about deduct a major third from an octave, the



Here we have added the minor encounter



above; but



it



left-over part will be a



more



it



when we



the octave; for



minor sixth



21 .



sixth,



But



this



we



shall later explain



clearly.



22 are although I have already stated that all consonances contained in the octave, we must now see how this comes about and in what way they result from the division of the octave, so



Now



that



we may more



have observed so arithmetic, that



divided distance



CB.



division into equal parts.



is,



on the string



clear



is



clearly understand their nature* From far, it is first of all clear that division



A



AB



part



CB



which



it is



from



differs



D ill from the pitch AC by an octave; C F E



l



I



The pitch of the pitch



AB



What



differs



will, therefore, also



be



jan



octave.



It is,



what we must be



that



AC



be



to



is



by



the



the part



CB



B I



therefore, this



which must be divided into two equal parts in order to is done at point D. Now what specific



divide the whole octave. This



consonance If



we



is



properly and primarily generated by this division? we must consider that AB, which is



wish to seek the answer



the lower pitch,



is



with reference to



C



as before;



it



is



being divided at D. This division is not made [AB], for then it would be taking place at



itself



not the unison which



the octave, which consists of



two



is



pitches.



now So



being divided, but



this division of the



lower pitch is made with reference to the upper tone of the octave, not to itself. Consequently, the consonance which properly results



from this division is between the pitches AC and AD, which form a fifth, not between AD and AB which form a fourth; for this part DB is merely a remainder and forms a consonance only by accident, in virtue of the fact that a sound which is consonant with one tone of an octave must also be consonant with another. After dividing the distance CB at D, I can in the same way CD at E. The immediate result is the major third 23 and,



divide 21



At



,



this point



Descartes comes dose to a theory of interval inversion. Later,



however, he discards 22



The



this derivation of the minor sixth. Latin consonantia should read consonantias.



23 ditonus.



20



secondarily,



need



,all



to divide



the remaining consonances; there is, therefore, no any further. If we nevertheless did so, for instan-



CE



we



should get the major whole-tone, and secondarily the minor whole-tone and the semitone. With these we shall deal later,



ce at F,



for they are admitted successively in the same voice, but not as consonances*



Let no one think that



mere fancy when we say that by the generate properly only the fifth and the and the other consonances only secondarily. I have it is



t



division of the octave



major



third,



we



by experimenting with



the strings of the lute (any other instrument whatsoever will do equally well). If we pluck one of



proved



this



its strings, the force of its sound will set in vibration all the strings which are higher by any type of fifth or major third, but nothing will happen to those strings which are at the distance of a fourth or any other consonance. This power of the consonances can derive only from their relative perfection or imperfection. The former are,



so to speak, primary consonances, the others only secondary, for they result necessarily from the former. Now we must determine whether it is true that ,all simple consonances are contained within the octave, as I have asserted above.



The



best



way



to



do



this is to take



CB, or one-half of line 24 AB and bend it into a circle so



(which encompasses the octave) B coincides with point C.



that point circle at



D



and E,



just as



CB was



We



sh,all



divided.



The



then divide this reason



why we



must find all the consonances by this method is that nothing can be consonant with one tone of an octave without also being consonant with the other, as we have proved before. If, therefore, in the following figure, one part of the circle forms a consonance, the remainder must also contain some kind of consonance.



The



following figure makes it clear that the term diapason is correct for the octave, for it contains in itself all the other consonances. In our figure, however, we show only the simple conwe also wish to determine the composite consonances,



sonances. If all th^at is



necessary



is



to attach



of the upper intervals, and tains all the consonances. 24



sonus



=



it



one or two complete circles to any be obvious that the octave con-



will



sound, pitch, interval. 21



From our



previous explanations



we deduce



that



all



consonances



one of three categories: the first contains those consonances derived from the division of the unison and the octave; those of the second category are derived from the division of the belong to



octave



and fourths and fifths equal parts them consonances of the second division;



itself into



therefore call







there are those derived from the division of the fifth itself



consonances of the third and last division.



a



distinction



from these



We



we



can



finally



the



have further made



between those consonances which result immediately pnd those which result only secondarily; we



divisions



have, therefore, stated that there are [only] three consonances per se. This can be proved by the first figure, in which we have



derived the consonances from the numbers themselves.



It



must be



noted that there are only three interval-numbers, to wit: 2, 3, and 5. 4 and 6 are multiples of these, and are therefore only secondarily interval-numbers. This is clearly the qase also because they do not inherently and straightway form new consonances, only composites of the existing ones. The interval-number 4, for example, generates 22



and only secondarily and and 6 the minor third 25



the 15th, 6 the 19th,



generate the fourth, In this connection



number that



we must



mention in passing, in regard to the derived directly from the oct-ave, and a deficient and imperfect freak, as it were, of the octave. the fourth



4, that



it is



indirectly does 4



.



is



THE FIFTH The



of



fifth is



able to the ear;



it



all



the consonances the most pleasing



plays, therefore,



always



and acceptcom-



,and in all types of



most prominent and important role. From the fifth the modes are derived. This follows from our point 7 above [in the chapter entitled "Preliminaries"]. For according to our premises,



position the



whether



we



derive the perfection of the consonances from the division of a string or from numbers alone, we find in either case



only three essential consonances, among which the fifth occupies the central position. Without doubt the fifth sounds neither as sharp to the ear as the major third nor as languid as the octave; it the most pleasing of all [consonances]. From figure 2 we can see clearly that there jare three kinds of fifths, among which the twelfth is



occupies the central position;



From



we



shall, therefore, call



it



the most



we



might draw the inference that it should be the only one to be used in music; as we stated in our last point, however, [in the "Preliminaries"], variety is necessary for enjoyment. perfect fifth.



You may



this



object that the octave



is



sometimes used in music by



and without variety, for example when two voices sing the same melody simultaneously, one an octave higher than the other. With the fifth this is not possible. It would seem to follow, thereitself



fore, that



we



pleasing of



should



all



call the octave, rather



consonances. But



I



than the



answer that



this



fifth,



the most



confirms rather



25 I.e., 1/4 the length of a string will produce a pitch two octaves higher than that produced by the string vibrating as a whole; 1/6 the length will sound two octaves plus a fifth higher (compare the intervals formed by the fundamental of an overtone series and the fourth and sixth partials). The total length minus 1/4 produces the fourth, and the total length minus 1/6 produces the minor third;



thus the latter



two



intervals are



produced "only secondarily".



23



invalidates



th,an



what we have



employ the octave



in this



way



that



is



-two voices are heard as one. This



is



why we



can



includes the unison.



The



The



said.



it



reason



not the case with the



and keep the ear



tones are more at variance with each other



its



busier; if we should constantly use only fifths soon become bored. I should like to illustrate



fifth, for



in



music,



we



should



this by an .analogy: if we were to feed constantly on sugar and similar sweet delicacies, we should lose our appetite faster than if we ate bread alone,



although nobody can deny that bread than sweets 26



less pleasing to the palate



is



.



THE FOURTH This



the unhappiest of



is



all



consonances, and must never be 27



composition except incidentally . It must be supported by other consonances, not because it is more imperfect than the minor third or sixth, but because it is so close to the fifth that in com-



used



in



parison with the smoothness of this interval the plejasantness of the fourth disappears. To understand this one must realize that on



music one never hears a fifth without somehow also being made aware of the fourth above; this follows from what we have said iabout the unison, namely, that



sounded.



its



higher octave



.



AC EF



DB; from shadow of for its



own



26



F



be a fifth from DB and EF its resonance one octave must without doubt be at the distance of a fourth from this



it



results that



the fifth and



its



why



it



24



call



cannot be used



the fourth almost a is



sufficient



in



said that the other consonances are



Mersenne took



issue with this statement



"purest" and "best" are synonymous. 27



one can



constant companion. This



composition alone and sake, between the bass and another voice; for although



reason to explain



we have



somehow



B



E Let



also



p



D



above.



is



per accidens.



used in music to



and constantly maintained



that



contrast with the fifth,



certainly clear that the fourth is useless for this purpose. It will not contrast with the fifth; this is obvious. it is



one were to use the fourth above the bass, the fifth would Always accompany it, and the ear would easily realize that the fourth has been merely displaced from its proper position to a



For



1



if



lower one; in this role it would be most unpleasant to the ear, as if one were to meet the shadow instead of the body or the reflection instead of the real object



**.



THE MAJOR AND MINOR THIRDS AND SIXTHS from what has been said that the third is in many more perfect th^an the fourth. To this I add that the perrespects of a consonance fection depends not only upon its qualities as a simple unit but also at the same time upon all of its component It is



clear



elements. The reason for this fact is that one never hears a consonance pure and simple without also hearing the resonance of its components; for, as we said above, even the unison contains the



resonance of



its



higher octave. Considered in this



shows that the major



third consists of smaller



light, figure



2



numbers than the



we



have, therefore, placed it ahead of the fourth, for it wps our purpose in that figure to order all consonances according to fourth;



their degree of perfection. Here, however, we must explain why 29 is the most perfect and why it, more the third species of thirds second than the first or species, causes vibration of the lyre strings



which are even



visible to the eye.



rather assert with conviction,



This



by the



an exact multiple and second types) consist of a



is



caused,



I believe,



or



feet that the third type of



whereas the others (the particular ratio, or of a multiple and a particular ratio simultaneously. Why the most perfect con-



third consists of first



28



Again Descartes



ratio,



skirts the idea of interval inversion.



There



is



also present,



unconsciously, the concept of interval roots. 29 See two octaves plus a major third Descartes is being figure 2. 1/5 inconsistent. He calls the 1/3 fifth the "most perfect" because it occupies the



=



central position (column 2) but does not follow this line of reasoning in choosing the "best" major third. Intuitively, however, he chooses the fifth and third which first appear above the fundamental of an overtone series.



25



sonances result from an exact multiple ratio (which we have therefore placed first in figure 1 ) I can prove as follows:



-B



C



E



Let the line



AB



differ



from



H



G



F



CD



by a



D



third of the third species.



Regardless of how one might picture the perception of the interval by the ear, it is surely easier to distinguish the relation between



AB



and



CD



directly



than, e.g.,



by the



CF



and CD;



application of the interval



CD



can be recognized



it



AB



to the subdivisions of



there will be nothing over in the end. This will not be the case in the relation of the



the interval left



between



CF



that



CD,



CE, EF, FG,



is



when one



etc.;



CF



HD



will be FH, have to be judged in reg,ard to it, which is a complicated procedure. This fact can be realized equally well by stating that sound strikes the ear with



interval



left over;



many



to



for



the relation between



beats,



and that the



will



have



and



CD



to



will



For



faster the beats the higher the pitch.



in order that the interval it



applies



CF



AB may



to strike the ear



with five



CF



with one. But the interval



coincide with the interval be-ats



while



CD



CD,



strikes



it



will not return to coincidence so



soon, only after the second beat of the interval CD, as is illustrated above. The same explanation will be true no matter how one holds sound to be perceived by the ear.



The minor third is derived from the major third as the fourth from the fifth 30 and is less perfect then the fourth to the same extent that the major third it



is



perfect than the fifth; however,



not, therefore, to be banished



fifth.



Since the octave



cannot furnish variety, for



from music, for



and even necessary,



third] is quite convenient,



the



is less



is



it is



it



[the minor



to offer variety to



always heard within the unison, it ever present; nor is the major third



alone sufficient to produce variety, for there c,an be no variety except between at least two sounds. Therefore, the minor third has



30



Le., it is the residue



"shadow" of the major 26



between the major third and the fifth. Thus as the fourth is the "shadow" of the



third, just



it



is



fifth.



the



been added to it, so that compositions where major thirds are frequent can be distinguished from those where the minor third frequently occurs



The major



.



derived from the major third 32 and shares its similarly with the niajor tenth and the major



sixth



characteristics;



seventeenth.



31



is



To



understand this, consult figure 1, where under finds the fifteenth, the octave, and the fourth. Four



number 4 one



and can be reduced to unity through (the latter representing the octave). Therefore, all consonances derived from it are usable in compositions; (and as the fourth (which we above called something like a freak of the octave



is



the first composite numeral,



by 2



division



or a defective octave) is among them, it follows that it too is not useless in composition; the reasons which prevent its use alone no



longer prevail, for now to the fifth, with which



The minor



it



is



it is



complemented and no longer subject joined.



derived from the minor third as the major sixth from the major third 33 and thus shares the characteristics and qualities of the minor third; nor is there any reason why this should sixth



is



not be so.



We



should



now



discuss the various powers which the conso-



nances possess of evoking emotions, but a more thorough investigation of this subject can be based on what we have already said,



and



would exceed the



compendium. For these powers are so varied 


limitations of this



the use of these last four [consonances]. Of these the major third and the major sixth are more pleasing and more gay than the sixth; this is well known to composers and can easily be deduced from the aforesaid, where we have shown how the minor third is indirectly derived from the major third,



minor third and minor



31



Zarlino



is



far



more



explicit in his discussion of major and minor thirds; he in character between major and minor



even recognizes and labels the difference triads. 32



I.e.,



turns



the major sixth consists of a major third plus a fourth. Here Descartes completely from the "shadow" theory which comes so close to being



away



a theory of interval inversion. 33 I.e., is equal to a minor third plus a fourth. 27



whereas the major sixth



is



directly derived, since



it is



nothing but



a composite major third,



THE STEPS OR MUSICAL TONES There are music:



first,



two reasons



principally to



make a



transition,



why



by



the steps pre needed in



from one conso-



their help,



nance to another; this cannot be achieved so conveniently, and with that measure of variety which is most pleasing in music, by the consonances alone; secondly, to divide the whole gamut which sound



melody can always proceed through them more smoothly than would be possible if it moved



traverses into fixed intervals, so that



only through consonances* If looked at under the first aspect, it will be clear that there can be merely four and not more kinds of steps; for these four kinds



must be deduced from the differences found between the conson34 ances. All consonances differ from each other by either 1/9 or 34



1/9 represents a major whole-tone, the difference between a fourth and a



fifth. It is



arrived at numerically as follows:



3/42/3



a string sounding the fourth minus that part sound-



(that part of



ing the fifth)



1/12 of 3/4



= 1/12 = 1/9



fraction 1/9 refers to a portion of that part of the string which will sound the fourth, not to the length of the string as a whole (see illustration below)



Thus the



:



3/4 1



I



I



I



2/3



T/fl



H^



A



H



1



B



1/9 Considering B as a separate string, the remaining 8/9 will sound a major whole-tone higher than the fourth produced by string A. Similarly, 1/10 represents a minor whole-tone, the difference between a



minor third and a fourth:



5/6



3/4



=



1/12,



1/12 of 5/6



=



1/10



1/16 represents a major semitone, the difference between a major third and



a



fourth:



4/5 28



3/4



=



1/20,



1/20 of 4/5



=



1/16



1/10 or 1/16 or finally 1/25, except the intervals which produce other consonances* Consequently, all steps consist of intervals of



which the first two are called the major and minor whole-tones, the last two the major and minor semitones. Now it remains to be proved that the steps considered in differences of the consonances. I do



way



this



are produced



by the



this as follows: whenever one moves from one consonance to another, one or both tones [of the first consonance] must move, and the transition cannot be effected except by intervals which show the difference existing between the



consonances; thus the



part of the minor proposition can be



first



proved as follows:



B



EG



C



Let A to B be a fifth and A to C a minor sixth; then B to be the difference between a fifth and a minor sixth, which



C



must



is



16



35 .



To



prove the second part of the minor [proposition] it must be observed that one must consider not only the relation between pitches which are produced simultaneously, but also the relation



when



they are produced successively, so that as far ,as possible the pitch of one voice must be consonant with the immediately preceding pitch of another voice, which can never be the case unless the steps



have their origin



Let, for instance,



in the difference



DE be a



fifth,



and



be moved in contrary motion, so that interval



DF



were not the



between the



let



intervals.



each tone of the interval



minor third



result of the difference



results* If the



between the



1/25 represents the minor semitone, the difference between a major and a minor third:



5/6



4/5



=



1/30,



1/30 of 5/6



=



l'/25



Subtracting each of the above fractions from unity produces 9/10, 15/16, and 24/25, the more usually found ratios for the minor whole-tone, major semitone,



and minor semitone. 35 This should read 1/16, not 2/3



5/8



=



16, for



1/24,



1/24 of 2/3



=



1/16 29



fourth and the f



fifth,



F would



not be consonant with E; but



he result of that said difference,



case, as



,as



consonant.



And



if it is



so with every



one can easily discover for himself* Here



it



should be



we



mentioned, in regard to this relation, that it must as possible be consonant; however, it cannot always be so, as



noted that far



it is



become



will later



evident.



When we (that



is,



look at these steps under the second aspect, however, how they are to be distributed over the whole gamut of



sound, so that with their help a single voice can immediately rise and fall), then we shall see that only those tones (among those



which we have found) will be regarded -as legitimate steps into which the consonances can immediately be divided. To understand this, one must observe that the whole gamut of sound is divided into octaves; none of these differs from any other in any way* Therefore, to produce all the steps it is sufficient to subdivide one octave; besides, this octave has already been divided into the major third, the



our



minor



third,



statements in



chapter.



It



is



and the



fourth. This follows clearly



therefore clear that the steps cannot subdivide the



whole octave without dividing the major the fourth.



from



regard to our last illustration in the previous



The



result, therefore, is: the



third, the



minor



m^jor third



is



third,



and



divided into



a major whole-tone and a minor whole-tone, the minor third into a major whole-tone and a major semitone, the fourth into a minor third



and a minor whole-tone;



this



minor third



is in



turn divided



a major whole-tone and a major semitone; the whole octave consists then of three m^jor whole-tones, two minor whole-tones, into



and two major semitones, as



is



clear



when one



runs through



it.



So



we have



here only three kinds of steps, the minor semitone having been left out of consideration, for it divides immediately not the



consonances but the minor whole-tone. For example, one could say that the major third consists of a major whole-tone and both kinds



two semitones together make up a minor whole-tone. But you may ask why is not that step also admitted which results from the division of another step and which divides of semitones, and that the



and not directly. answer that a voice cannot move through so many different divisions and at the spme time remain consonant with another



the consonances only indirectly I



30



different voice except with great difficulty, as one can easily discover; besides, the minor semitone would be combined with the



major whole-tone, with which



it would create a most unpleasant dissonance, for their relation would be 64 to 75. Therefore, a voice cannot move through such an interval But to give a better rebuttal



one must observe that a high pitch requires a stronger breath in singing and a stronger stroke or plucking of 36 this can be tested on strings; the more strings than a low pitch to this objection



;



they are tightened, the higher



by



the fact that 38



which



is



their pitch



31 .



It



can also be proved



greater force will divide the air into smaller



make



the resulting sound higher. From this it also follows that the higher the pitch the more strongly does it strike the ear. From this correct observation I believe that one parts



,



will



can also derive the basic reason for the invention of the steps. I believe that this has been done unquestionably because there would be too grejat a disproportion in regard to tension (which



would fatigue both



listeners



and



singers)



if



the voice were to



39 For proceed merely through pitches which form consonances example, if I should wish to rise from A to B, the sound B would .



bridge



which



this



we



much more



strongly than the sound A; in order to disproportion, the pitch C is inserted, by means of are able to rise to B precisely by a step, easily, and



strike the ear



without such sudden forcing of breath *. Clearly, therefore, the steps are only a means to an end; they bridge



36



This



is



not true, of course, but in the case of the voice



more muscular tension is required. 37 Mersenne states the correct law: The frequency



is



It



is



true that



proportional to the



square-root of the tension. 38 In modem terms, the



greater the frequency the larger the number of condensations and rarefactions per unit length along the line of propagation. It is difficult to know exactly what Descartes had hi mind when he wrote "divide the air into smaller parts", although in a sense this is what actually happens. 39



There



40



The concept



is



more humor than



truth in this statement.



were originally generated by "filling in" larger intervals is still maintained by some theorists. See Yasser, Joseph, Theory of Evolving Tonality, American Library of Musicology, New York, 1932. that scales



A



31



the unevenness between the pitches of the consonant intervals; they do not themselves possess enough sweetness to satisfy the ear, but in their relation to the consonances, so that



must be regarded



a



voice which traverses one step does not satisfy the ear until it reaches the next, which then must form a consonance with the first.



This easily resolves the objection raised above; it why in the same voice stepwise motion



reason



ninths or sevenths, which result from steps



is



also the true



is



preferred to



and which



in



some



cases have smaller ratio numbers than steps; intervals of this kind do not subdivide the small consonances and cannot bridge the difference which exists between the pitches of consonant intervals. I



many things having to do with the example which [of them] are based on



cannot investigate a great



origin of the steps



for



the two-fold division of the major third (similar to the division of the fifth resulting in the major third); from these premises one



could



make many



further deductions regarding their various ex-



cellent qualities, but in



what has been



it



would be a long discussion and



it is



implied



said about the consonances.



We



need to discuss, however, the sequence in which these steps are distributed over the whole space of the octave; I say that this sequence ought to be such that any major or minor semitone should



by a major whole-tone; a minor plus a major whole-tone form a major third; a semitone plus ,a major



be flanked on



either side



whole-tone produces a minor third, according to the principles which we have already indicated. Now, since the octave contains two semitones and two minor whole-tones, it should also contain four major whole-tones in order to avoid fractions of intervals. But actually the octave contains only three major whole-tones, and we



are forced somewhere to use a fraction which equals the difference between a m^tjor whole-tone and a minor whole-tone 41 This difference we call the schisma, an interval also equal to the difference between a major whole-tone and a major semi-tone. The .



41



Although Descartes' following definition of the schisma is correct, this is not well phrased, for two semitones, two minor whole-tones, and three major whole-tones add to exactly an octave. Arithmetically : 9 9 9 _t0



statement



-livJlyJO V A 15 A 9 A 15 32



9



X
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a minor semitone plus a schisma. With the help of these fractions the major whole-tone itself becomes, so to speak, somehow movable and capable of performing a double latter difference equals



function. This can easily be seen



where



we



by the



illustrations in the text,



have turned the space of a whole octave



into a circle,



just as in the last figure of the chapter called "The Octave". In e-ach of these illustrations all intervals represent one step with two exceptions, namely, the schisma in figure 3 and the minor



semitone plus the schisma in figure



4.



These two



intervals are



minor whole-tone



major



/



\



whole-tone



\



major



/



whole-tone



\



minor



405



minor whole-tone



/



I



a



\



whole-tone



Figure 3



somehow movable



so that they can be related in turn to either of Therefore we cannot, in figure 3, ascend from 288 to 405 stepwise without sounding a somewhat undetertheir neighboring steps.



mined middle regard to 405



pitch. In regard to it



would seem



to



288



it



be 486;



would seem in



a word,



it



be 480, in must form a



to



33



42 the difference between 480 minor third with either [288 or 405] this pitch, the result of ,and 486 is so small that the unsteadiness of a compromise between both of them, strikes the ear with no per;



ceptible dissonance.



Figure 4



42



The



by



figure



288



is



chosen for purely numerical reasons,



i.e.,



The



in order to



ratios of the intervals are the simplified fractions formed these numbers. E.g., the ratio of the major whole-tone 288/324



avoid



fractions.



E-D



=



=



8/9. In ascending (288, 540, etc.) 288 should be considered an octave lower, i.e., as 576. Since Descartes writes his interval ratios with the lower number in (i.e., as string-length proportions rather than in the modem form of partial ratios), the larger numbers represent the lower pitches. 288, 540, 486 or 480, 432, 405 (E, F, G, A, B-flat). If E-G is Ascending to be a pure minor third (5/6) F-G must be a major whole-tone (8/9); there-



the numerator



=



fore, the schisma must be added to the minor whole-tone 540-486, and we must ascend 288, 540, 480, 432, 405. If, however, we wish the minor third G-Bb to be pure ("in regard to 405"), the schisma must be added below the minor wholetone 480-432 to form the minor third 486-405. The schisma is equal to f.7 cents.



34



By



the



same token, we cannot,



in figure 4 ascend stepwise from 480 to 324 unless we raise the middle pitch so that with reference to 480 it is 384, with reference to 324 it is 405. It must form, there-



fore, with either [324 or 480] a major third; however, the difference between 384 and 405 is so considerable that no pitch can be tempered between them without the result that, while being consonant with one it would manifestly be dissonant with the other. Therefore {another method must be found by which we can as much as



possible reduce this awkwardness, even it;



this



method



above, namely



is



if



we



cannot wholely remove



none other than the one to be found



by



the use of the schisma.



For



in the figure



we wish



to proceed through pitch 405, we shall move the pitch G by one schisma, so that it will be 486 and no longer 480; if we proceed through 384 we shall change the D; it will be 320 instead of 324, and will then if



be one minor third distant from 384. It



is



therefore clear that the intervals through which a single move easily are all contained in the first figure; for once



voice can



the disadvantage of the second figure from figure 3, as one can easily see. It is



is



corrected,



it



does not differ



what we have said that the sequence of



further clear from



tones which the practical musicians call the "Hand" contains all the possibilities by which the steps can be arranged. For it has been shown above that they are all contained in the two preceding figures,



and the "Hand"



either of the



above



figure, in which we into a circle, so that



above.



To



of the practitioners contains



figures.



This can



ejasily



be seen



all



pitches of



in the following



have turned the "Hand" of the practioners it can be more easily related to the figures



understand



it,



however, one must be aware that the



"Hand" starts with the pitch F, to which we have therefore Assigned the highest number, so that it becomes clear that this pitch is the lowest. It can be proved that this must be so because we can start the division of the whole octave only at two places, namely (1) where we can begin with two whole-tones, then a semitone, with three whole-tones occurring ,at the end; or else (2) where three whole-tones occur ,at the beginning and only two at the end. However, the pitch



F



represents these two places simultaneously, for it through B-flat we have only two whole-



when we proceed from



tones at the outset; with B-natural however, there will be three. 35



Figure 5



It is therefore clear, first from the figure above, and also from I. the second of the earlier figures, that there are only five steps in the whole octave through which a voice can move in a natural



manner



without fractions or movable pitches* This latter device had to be introduced artificially in order to make further that



is,



divisions possible; these five intervals are therefore assigned to the scale,



and



ut> re, mi,
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six



names have been devised



fa, sot, la.



for discussing them, namely,



further clear that ut to re must always be a minor wholetone, re to mi a major whole-tone, mi to fa a major semitone, fa to It is



II.



major whole-tone, and



sol a



HI.



finally sol to la



a minor whole-tone



43 .



It is clear that



there can be only two kinds of artificial notes, the natural, because the space between and



A namely the flat and C, which is not subdivided by the natural [scale], can be divided in only two ways, depending on whether the semitone is placed first



or second.



IV.



clear



It is



why



in these artificial scales the notes ut, re, mi,



A



to B, for example, the fa, sot la are fixed, for if we rise from semitone cannot be indicated major except by mi and fa; it follows, we must in mi therefore, th,at put place of A, and fa in place of B-flat and so everywhere by analogy 44 It would be wrong to .



suggest that other names for these notes should have been invented,



would be superfluous; they would designate the same which these names designate in the natural scale; they



for they intervals



would furthermore be unwieldy, because such a profusion of names would utterly confuse the musicians both in notating and in singing music.



how



It is finally clear



mutations are effected from one scale to



another, namely by tones which are common to both scales; it is further evident that these scales are at a distance of a fifth from



each other and because



it



and looser it



it



45 .



would not be
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is



the lowest of



all,



starts on the pitch F, which we proved before to be the called B-mollis because the lower a tone is, the sweeter



first; it is



produce



the scale with the B-mollis



th


is;



The



as



we



stated before,



natural scale



right to call



it



is



natural



requires less breath to in the middle; it



it



and must be if



we



h^ad to strain or to relax



A Type



of "just" major hexachord. since mf-fa must always be a major semitone, in the two "artificial" hexachords on F and (as well as in all other mutations mentioned later), 44



I.e.,



G



A



to B-flat



must be a major semitone, as well as



B



to C, similar to



E-F



in the



"natural" hexachord. 45



Thus Descartes arranges



F



C



the three hexachords such that the tonics are



a



C



is considered to be the most Since the hexachord on "natural", there arises an interesting parallel with a tonic flanked by its dominant and subdominant.



fifth apart:



*



- 'G.
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the voice especially to produce it. Finally there is the scale with because it is sharp and in It is called the scale with the the fcl



fc|.



opposition to the B-mollis scale; also, into a tritone



and a



f-alse fifth



*;



it is



because



it



divides the octave



therefore less sweet than the



B-mollis scale.



Someone may perhaps object that the "Hand" is not sufficient and does not contain all the mutations of the steps; for while it 47 scale to the B-mollis does show how we can pass from the natural or to the L other divisions, as shown in the following figure, ought be contained; namely,



-also to



how we



scale to the natural or vice versa,



the b



;



urged on us by the



this is



can go, a) from a B-mollis and b) the same starting from



fact that practical



musicians often



use such intervals; they note them either by a diesis (#) or flat



**,



for this purpose



removed from



its



original place



by a



49 .



way we



could go on ad infinitum and the changes of a single melody are shown. These changes can be shown to be all included in three scales, because in any one scale there are only six notes; of these,



But



I



janswer that in -that



"Hand" above only



that in the



two are changed



in the process of mutation to the following scale,



iand only four notes remain of those that scale.



But



if



were



in the previous



there be a further transition to a third scale,



two more



notes of the original four will be changed; thus only two will remain which were also in the first scale. These would also disappear in a



one were to carry the process as far



fourth scale,



if



illustrated



the figure. quite clear that this



Thus one



in



it



,as



that, as is



by is



which



we



started, since



would not be the same key as the no note in it would remain the same.



46 I.e., it must include B-natural, which forms a tritone with the F (of the natural "scale") below and a diminished fifth with the F above. 47 Modern readers should be careful not to confuse the term "natural" (applying to the scale or hexachord on C) with tj. 48



B



motle.



49 Since



no flat other than B-flat is needed to pass from one to another of the three scales on F, G, and Descartes is implying mutation to scales or hexachords with other tonics (see next paragraph).



C
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As



regards the use of sharps [dieses],



I say that they do not whole scales like the B-mollis or the b, but that they generate one note which to I only apply they raise, believe, one minor semiall other notes of the scale remain unchanged* How and tone, while why this is so I no longer remember well enough to give an explan50



nor why, when a single note above la is raised51 it is usually made p B-mollis. I believe all this can easily be derived from musical practice by calculating the mathematical values of the steps, ation



;



,



when



this occurs,



and of the



them.



The



is,



50 It



matter



would be



remember, for clear lation



my



opinion,



which form consonances with



worthy of study.



interesting to know the explanation 16th and 17th century theorists



late



which Descartes could not were not themselves very



this point. The accepted practice of transposition, and therefore modu("A movement made from one sound to another by means of various



on



intervals" - Zarlino)



E-flat



in



pitches



is



that of a fourth higher with the use of the accidental fifth higher if the relation is such that B-natural will



and occasionally a



appear but not A~sharp. For the most part the theorists (Oraithoparcus, Aron, Agricola, Glarean, Zarlino, Cerone) stay within the framework of the modal system, and it is not until considerably later that anything like the circle of keys involving both flats and sharps appears. (R.T.W.) 51 Referring to musica ficta?
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At



ut, might be raised that six names are superfluous and that four would be suffici-



this point the objection



re, mi, fa, sol, la >-*



because there are only three [basic] different intervals; I cannot deny that Music could be sung in this manner* But because there is a great difference between the high and the low pitches, ent,



and the low before,



it is



pitch is definitely



better



more prominent, as



and more convenient



we



noticed



to use different notes, rather



than the s,ame for the upper and the lower pitches. the place to explain the practical application of these the voices of music are regulated by them, in what way steps, current musical practice can be reduced to what has been said



This



is



how



how all consonances and all the other intervals occurring can be mathematically derived. To do this, one must know in music th,at the practitioners notate music on five lines, to which others are above, and



added whenever the melodic range extends beyond them* These two steps distant from each other; therefore, between each two of them we must imagine one more line, which is omitted for reasons of economy and convenience. For while ,all these lines are equidistant from each other, they denote unequal distances; for that reason, the signs b and b have been invented; one or the other is used on that line which represents the note B-fa or b-mi. Furthermore, as a piece of music often consists of many parts which are notated separately, the signs b and \ are not enough to show which of these parts is higher and which is lower; three more signs have therefore been invented, namely): O: ||=|| and G the application of which we have already studied. To make all this clearer I attach the following figure, in which we have diagrammed all lines more or less distant from ^ach other in accordance with the smaller or larger intervals which they designate, so that the relations of the consonances become clear at a glance. In addition we have made this figure in two columns in order to show the difference between the b and the b for melodies which are to be sung in one cannot lines are



;



also be written in the other, unless



,all of their notes are transposed fourth a or fifth a from their by proper places, so that where F-ut-fa was used, one now would have to put C-sol~ut-fa* Beyond this we do not go, since these seem to be the tones which



divide the three octaves



40



which comprise



all



the consonances, as



we



41



have stated above; the uses of the composers support us ever exceed this range. point, for they scarcely



in this



Tenor



E



144



D



.160 or 162



C



180



B



192



-



A



216



G



240



-



F



270



E



288



D



320 or 324



Bass



Contra-Tenor 96



216



A



270



F



320 or 324



D



384



B



480



G



G



240



E



288



C



360



A



432



540



The purpose



of these



numbers



is



F



to establish the correct relations



of single notes to one another and the relations of notes in all the parts of a composition. For the sounds of these notes have the same relations as the numbers which are attached to the corresponding lines; if a string be divided into 540 equal parts, and if its



sound represents the lowest note, F, then 480 parts of the spme string will produce the sound of the note G, and so on. have in this figure placed side by side the ranges of the four



We



voices so as to that the clefs): 42



show how far they must be from one another; not |=}| and C are not often used in other locations



O:



as well; this occurs according to the variety of ranges which are traversed by any one voice; but ours is the most natural arrange-



ment and is used most frequently. Here we have attached numbers only



to lines in their natural



places, without displacement from their proper location*



notes had sharps, or



If



some



52



which would displace them flats, from their proper location, then other numbers would be needed to explain these notes* Their values would have to be derived from other notes of other voices with which such accidentals are conor naturals



sonant.



DISSONANCES All intervals besides the ones already discussed are called dissonances; but we shall discuss only those which are so essential to the ton,al



system under consideration that without them music would



not be possible. Of these there



,are



three kinds;



first



those which are produced



by



the steps and the octave alone, then those which derive from the difference between the major and minor whole-tones, which we call a schisma, and finally those which originate in the difference between the major whole-tone and the major semitone. To the first kind belong the sevenths, ninths, and the sixteenths.



nothing but composite ninths* The ninths themselves, are in turn, nothing but octaves with an added step; sevenths are octaves minus a step of any size; from this it follows that there are



The



last are



three kinds of ninths and three kinds of sevenths, just as there are three kinds of steps. Their numerical relations are: greatest ninth



4/9



major ninth minor ninth



9/20 15/32



major seventh minor seventh



5/9



least seventh



9/16



8/15



Of



the ninths two are major, to wit, those thjSit are formed by the major and minor whole-tones; to distinguish between them we have



52 dieses



. . .



vet b aut 4.
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one the "greatest" ninth. Of the sevenths two are minor, for the same reason, and we have therefore called one the "least"



called



seventh, It is



obvious that these dissonances cannot be avoided in succes-



produced by different voices; one mjay ask, however, why they should not be admissible equally well as successive notes in one and the same voice just like the steps; all the more so, as some of them seem to be explainable by simpler ratios than the sive tones



make them more pleasant to the ear* to this question lies in our previous observation: the higher the note, the more breath is required for its production; the steps h,ave therefore been invented to form intermediaries between steps themselves; this should



The answer



the pitches of the consonant intervals; their purpose is to make smoother the transition from the lower tone of a consonance to the higher. This cannot be accomplished



by the sevenths and



ninths,



since their pitches are more distant from each other than the pitches of the consonances; sounding them requires, therefore, greater inequality of effort.



In the second category of dissonances belong the minor third and by one schisma; also the fourth and major sixth



the fifth diminished



augmented by a schisma. For as long as there is one movable (to the extent of one schisma) it is impossible to avoid dissonances in the whole range of steps between pitches produced successively by different voices. That there cannot be more dissonances of this type than those just mentioned can be demonstrated interval



inductively.



They



consist of the following ratios:



Defective minor third



27/40



,



Fourth increased by a schisma



53



44



20/27



by a schismp



C



48/81 16/27



on the fifth D-A is 27/40, the minor 27/32, the fourth A-D is 20/27, and the major sixth F-D is 16/27 48/81). Descartes uses the tetrachord on F for his examples.



third



(=



sixth increased



:



27/32



Fifth lacking a schisma



Major



53



Thus



D-F



in the just tctrachord or scale



is



or as follows:



Minor



third lacking a schisma



sixth increased



Major



by schisma



Bb



...



to



D



to



G



to



G / 405, 240 B^ / 324, 192 Bb / 480, 405 D / 384, 324



Bli tot



G D



Fifth lacking a schisma



Fourth increased by schisma



to



D



/ 480,



324



to



G



/ 324,



240



These numbers are so



large that such intervals would scarcely seem tolerable but for the feet which we noted above, that the schisma is



so small an interval that the ear can hardly detect it; and so these from the consonances of which they are neighbors. For consonances are not, as a matter of fact, so Absolute intervals .borrow sweetness



that



all their



moved a very



sweetness will be



^



lost if



one pitch of the



This consideration



interval



is



so powerful as to permit the use of dissonances of this type even successively in one and the same voice instead of the consonances from which they are derived.



The



little



formed by the tritone and the have instead of a whole-tone a major



third kind of dissonance



false fifth; in the latter



semitone; in the tritone



we



it is



is



is



exactly the reverse.



They



are represent-



ed by the following numbers: Tritone



False



32/45



fifth



45/64



or as follows:



F



Tritone



Bb False



fifth



to to



55 Bfc|



E



/ 540, 384 / 405, 288



Blj



E



F /



to



384, 270



1 Bb / 288, 202 /* or 576, 405



to



These numbers are also too large to make these intervals acceptable to the ear; neither do they enjoy being in the neighborhood of con54



Refuting those



who daim



that



a theory of consonance must deal only with



pure intervals, 58



The



t)



is



omitted in the text



45



sonances, as did the previous ones, from which they might borrow sweetness* Therefore, they must be avoided [even] successively in different voices, especially in slow music without diminution; in



music with diminution which



is performed rapidly the ear does not have the time to notice the defects of these dissonances. This discrepancy is all the more noticeable because they are neighbors of the [pure] fifth, with which the ear therefore compares them;



because of the special sweetness of the even more obvious.



fifth their



imperfection



is



We shall close our discussion of the qualities of sound by merely ~- that the whole repeating and confirming our previous statement variety of high and low in Music is derived exclusively from the numbers 2, 3, and 5. All numbers are composed of these three; steps as well



reduced



s



dissonances can, by division



by



these three, be



to unity.



ABOUT COMPOSITION AND THE MODES It



follows from



what has been



without grave error or solecism



if



said that



we



we



can compose music



will but observe the following



three rules: I.



All tones which are sounded together must stand in some



consonant relation to each other; the fourth, however, must not be used as the lowest interval, i.e., above the bass. II.



A voice may proceed



only by step or by consonant interval. tritone or the false fifth



Finally, one must not use the between different voices. III.



To achieve greater



elegance and smoothness, however, the following rules must also be observed: 1. Compositions should start with one of the perfect consonan-



aroused more than when any cold conheard at the outset; or, even better, pt the opening there should be a rest or silence -in one voice; for, if after the opening ces; the attention is thus



sonance



is



voice an additional one strikes the ear unexpectedly, the surprise makes us listen with greatest attention. have not dealt with the



We



rest before because
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it



is



nothing in



itself;



it



merely introduces



novelty and variety when a voice which w,as silent starts out anew. 2. Octaves or fifths must never be used consecutively. The



why a succession of these consonances is more expressly forbidden than other parallels is that these are the most perfect consonances; therefore, when one is sounded, the ear is fully satisfied; and unless its attention is immediately renewed by 


it is aware of scarcely any variety, only, so to say, of the frigid character of the music. This is not the case with thirds or other intervals; when they are used consecutively the attention is



consonance,



sustained,



and the



desire to he^ar a



more perfect consonance



is



increased. 3. To achieve greater variety the voices should move as much as possible in contrary motion. For then the direction of each voice is independent, and the consonances are unlike their neighbors. Further-



more, each voice should move step wise more often than by leap. 4. When moving from a less perfect to a more perfect consonance one should Always move to the closer one rather than to the



more



distant one, e.g., from the major sixth to the octave,



the minor sixth to the



fifth*



most perfect consonances. observed more



strictly in



and from



The same applies to the unison and the The reason why this rule should be moving from imperfect consonances to



perfect consonances, than in moving from perfect to imperfect consonances, is as follows: while we are listening to an imperfect con-



sonance the ear expects ,a more perfect one on which it may rest; this is caused by natural instinct. Consequently, the nearest conit is the one that is expected. On not expect a less perfect consonance when we hear a perfect one. Therefore, it matters not which one is used. It is true that this rule is often broken; I can no longer remember



sonance should be used because the other hand,



we do



from which and to which consonances one should move, and by what movements. These things are based entirely on the usage and custom of composers; if one knows their music, it is easy, I believe, to deduce all kinds of subtle rules from what has been said. In former times I have done so myself, but now I have forgotten them in



my



wanderings.



the end of a composition the ear must be satisfied; it must expect nothing more and must legalize that the composition is complete. This is best achieved by certain sequences of tones leading to a perfect consonance; [these patterns] the composers call ca5.



At



the possibilities of these cadences. He has also comprehensive tables in which he charts which consonances can be used after which, anywhere in a composition. He offers a number of reasons for all of these, but I dences. Zarlino enumerates at length



believe that



more and



all



better rules can be derived



from our basic



principles*



The



composition as a whole and each voice individually must be kept within certain limits, called modes, about which we shall 6.



speak shortly. All this must be observed



strictly in contrapuntal writing for two or more voices, but not in music with diminution or other special features. In compositions with much diminution and figuration, as



of the preceding rules are disregarded. In order to give succinct reasons for this, I must deal first with the four parts or voices which are customarily employed in composition. it is



called,



many



For although one may often find fewer voices and sometimes more, four-pjart writing seems to be the most perfect and the most frequently practiced. The first and lowest of these voices



is



the so-called Bass.



It is



the most important and must satisfy the ear completely, since, as we have explained before, all other voices must bear a strict rela-



The bass



moves not only by step but ,also by leap. were invented to remove would from the awkwardness which result the inequality of the pitches of a single consonance. If one pitch were produced immediately after the other, the higher pitch would strike the ear much more forcibly than the lower. But this awkwardness is less noticetion to



it.



The rejason



for this



often



is



as follows: the steps



able in the bass than in the other parts; since it is the lowest voice, must strike the ear more forcibly in order to be heard distinctly.



it



This



achieved better by the use of lepps, that is, by moving immediately through small consonant intervals than by stepwise is



motion.



The 48



voice next to the bass, called Tenor,



is



also important in



its



own way,



for



it is



sinew in the midst of connects possible



and



its



all



its



whole composition 56 it is like a the composition's body which sustains and



the basis of the



;



other members. It moves, therefore, as often as



by step, so that its parts may possess greater coherence tones be distinguished more easily from the tones of the



other voices*



The Contra-Tenor is the antagonist of the Tenor; it is used in music solely to add the pleasure of variety achieved by contrary motion* It proceeds like the bass by leap, not for the same reasons, but for the sake of convenience and variety, for it is located between two voices which move stepwise* Composers sometimes write their counterpoint so th^t



it



imitation, fugue,



and



below the Tenor, but this is not seem to add anything new, except in



crosses



very important; nor does



it



similar elaborate contrapuntal devices.



the highest voice and is opposed to the Bass, so Superius that they often converge or diverge in contrary motion. This voice must proceed almost exclusively stepwise; it is the highest, and the



The



is



its pitches would, therefore, be most unpleasant the tones produced by this voice were too far apart In fastmoving music it moves more quickly than the other voices, while



distances between if



The reasons for this are clear from sound strikes the ear more slowly, and the the preceding; the lower ear can therefore not tolerate quick changes in it, because it would the bass has the slowest motion.



not have time to distinguish the single tones, etc. Having explained this, we must not forget to mention that in compositions of this kind one often finds dissonances where consonances should be used. This is made possible by one of two devices, diminution or suspension. "Diminution"



which against one note



in



one voice there are



is



that technique in



2, 4,



or even



more



notes in another voice; the first of these notes must be consonant with the note of the other voice. The second note can be dissonant



reached stepwise from the first; it can even be in tritone or false fifth relationship with the other voice, for it seems to enter



if it is



56



A



Could



a date. Fundamentttm modutationis. be a reference to St Augustine's "Musica est scientia bene modu-



rather unusual remark for so late



this



landi"?
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in this case as if



move from



consonance with the



But



voice.



and



accident,



by



to act as a link



by which we must form a



the first note to the third* This third note



if



as well as with the note of the opposite is reached by a leap, that is, if it forms



first



the second note



must also be consonant with the other voice, for the previous consideration ceases to be valid. In this case, however, the third note can be dissonant if the motion is with the



a consonant interval,



first



it



stepwise; for example:



A suspension



occurs



when one



hears the end of a note in one voice



together with the beginning of a note in the opposing voice; one can see this in the example above, where the last beat of the note B is



dissonant with the beginning of the note C. This can be tolerated because the memory of the note A, with which it was consonant, is



still



in one's



between



ear*



The same



relationship



and dependent



state



B and



C, a situation in which dissonances are tolerable. Their variety even h as the effect of making the consonances between which they are located sound better and more eagerly exists



t



anticipated.



For while the dissonance



BC



is



being heard, our anti-



increased, and our judgement about the sweetness of the cipation is harmony suspended until we come to the tone D. The end of note D holds our attention and the note F now following produces ,a perfect consonance, an octave* These suspensions are, therefore, is



usually used in cadences, for that which is long awaited pleases all the more when it finally comes about. Following a dissonance the 50



sound



even more



at rest in a perfect



consonance or in a unison* must be classified as dissonances; for wh-at is not a consonance must be called a dissonance. is



Even the



steps



It is noteworthy, too, that the ear is more satisfied by an octave than by a fifth as final concord, and is satisfied most of jail by the unison. Not that the fifth is very unpleasing as & consonance, but



at the end we demand repose, and that is found to a higher degree between those pitches between which there is the smallest difference or none at ,all, as in the unison.



Not only this effect of repose but a full cadence is necessary at the end of a composition. During the course of a composition the avoidance of such a cadence has a charming effect. This occurs when, so to speak, one voice seems to wish to rest while another voice proceeds further. This is a type of figure of speech in music, just as there ,are figures of speech in Rhetoric. Sequence, imitation,



also belong to this category; they occur when successively, that is, at different times, either the



etc.,



or



its



two voices sing same [melody]



opposite. The latter they can also perform simultaneously. elaborate contrapuntal devices, as they are called, also



[Other]



when they occur in parts of compositions. when however, tricks, they are used from beginning to end of a composition, have as little to do with music, I believe, as



c


contribute a great deal



Such



acrostics or palindromes with poetry; poetry



is



supposed to arouse



the emotions in the same manner as music.



THE MODES The use of the modes is well known among musicians, and everyone knows what they are; it is, therefore, perhaps unnecessary to explain them. They originate from the fact that the octave is not divided into equal parts but is composed of whole-tones interspersed with semitones. The modes are, furthermore, determined by the



the most pleasing interval, and since all melody seems existence to the fifth, it follows that the octave can be



fifth; this is



to



owe



its



divided into seven [sets] of stepwise progressions. Each of these [sets] except two can then be divided by the fifth. Each of these 51



two exceptions contains a



We



true fifth.



false fifth instead of



have, therefore, only twelve modes, four of which are less smooth than the others for they contain a tritone among their fifths. It is, therefore, impossible to proceed stepwise either



up or down from



the principal fifth (thanks to which all melody seems to be composed) without unavoidably creating the false relation of the tritone or



As everyone knows, there are three degrees in each mode on which one must begin and, which is even more important, end. The modes owe their name to their ability to prevent tones of felse fifth.



a melody from wandering in all directions. Furthermore, the modes allow for a variety of melodies which affect us in different ways according to the characteristics of the mode. Composers employ them in many ways based on practical experience. Many reasons for this variety can be deduced, however, from what we have already stated. It is clear, for example, that in some modes major



rather than minor thirds will be found occupying the



nent positions;



in other



modes the opposite



will



be



more promi-



true.



We



have



shown that ,all variety in music is dependent upon these conditions. Similar statements can be made concerning the steps themselves, foremost among them and is closest to a directly from the division of the major third, whereas the other steps are formed "per accidens". From these confor the whole-tone



consonance.



is



It arises



conclusions might be drawn concerning the nature of the modes, but this would kjad too far afield. I should be forced siderations



many



to deal in detail with the various emotions it



would be necessary



to



show which



which music can arouse;



steps, consonances, meters,



are instrumental in arousing these emotions 57 exceed the scope of this small volume. etc.,



.



But



this



would



I am already close to land and hurrying to the shore; I have omitted a gre-at deal in an endeavor to be concise much because '



I have forgotten, but most, without doubt, because of ignorance. Yet I permit this immature offspring of my mind to reach you although it is as uncouth as a new-born baby bear, to serve as a



57



Some years



later



Descartes evidently came to the conclusion that



it



even erroneous, to attempt to correlate music and the emotions. were living today, Descartes would probably be a positivist. fruitless,



52



was



If



he



token of our friendship and as unmistakable proof of my love for I beg of you, however, thpt it remain forever hidden in the privacy of your desk or your library; it should not be submitted to



you.



the judgment of others. For they might not, as I trust you will, turn from these fragments and look with good will at those writings



which



some characteristics of my talent find accurate expression. They would not know that this booklet was hastily written for your sake only, in the midst of turmoil and in



I



can say that at



uneducated soldiers



58 ,



least



by a man without occupation



with entirely different thoughts and



58



To explain



or office, busy



activities.



this reference to soldiers, see Introduction.
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LETTERS (1619-1634) REFERRING TO MUSICAL SUBJECTS Date and Addressee



Subject matter



between two



24 Jan. 1619



Relation between consonances



Beeckman



ferent voices.



Sept. 1629 ?



On



8 Oct. 1629



Same as above. The psychological effect of these movements. Also interesting section on movements of a pendulum relating to simple harmonic motion.



Mersenne



13



Nov. 1629



the



On



movement from one



occuring



(vertical)



dif-



consonance to another.



vibrating strings.



Mersenne 18 Dec. 1629



Mersenne



Why



Concerning intervallic leaps in the bass. ascending melodies "awaken." more attention than descending melodies. Difference between low and high sounds. Difference between judging the effect of sounds by ear and by reason. Relative vibration ratios of strings of different lengths. The music of its probable effect on them. Differences in



the "Ancients";



on theorists and those with imagination(!). necessary for aural perception.



the effect of music



Vibration of



4



March 1630



Mersenne



air



Difference between "sweetness" and "agreeableness" of consonances. Lack of correlation between consonances and the "passions". Comparison of "agreeableness" of consonances is impossible. Monochord division of a major 10th into an



octave and a major 3rd. 18



March



1'630



Mersenne



"Beauty" and "agreeableness" are subjective value-judgments. Conditioned-response theory



(I).



The movement



of air in a



flute.



15 April 1630



Why



Mersenne



in the ability of individuals to hear "subtle" differences in sounds. The effect on the extremeties of a string of plucking it



1631? Mersenne Oct.



the ear



is



not pleased with



all intervals.



Differences



in the center.



difference between "simplicity" of consonance and "agreeableness". Importance of the context in which consonances appear. "Simplicity" can be defined objectively.



The



A



new



chart of the consonances.
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Oct. or Nov. 1631 Vibration rates of strings of proportional lengths. Date of the Compendium Musicae. Quotation from it concerning the Mersenne use of 4ths above the bass in contrast to the use of 3rds



and



6ths.



Why



June 1632



"5 to 8"



is



a consonance and "5 to 7"



is not.



Mersenne Refraction of sound in different media (!). Length, tension, and vibration of a string in relation to pitch. Vibration of



Summer 1632 Mersenne



air is necessary to



cause sound.



Nov. or Dec. 1632 Mersenne



Difference in spacing between the fingerholes of a serpent Overtones above the octave (including the 5th partial?).



22 July 1633



The way



Mersenne



2nd, 3rd, 4th, and 5th partials (erroneous).



End



of



Nov



1633



in



which a



string vibrates in order to



Repeating part of previous



produce the



letter.



Mersenne April 1634



Criticizes those



who



advocate tempering the just scale.



Mersenne 15



May



1634



More



against temperament. The vibration of strings, conMore concerning the division of a string producing overtones.



Mersenne



tinued.



14 Aug. 1*634 Mersenne



On



the vibration of a string, continued.
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