2 7 Bl (Ligeti)®} a4 55 24,
3T Y=

A £

Brtel A7t &4 A E(Gyorgy Ligeti, 1923~ ) 29 dAq4FF
2ilo] oAl 53] fu7t Qe T8 AEFoE, oF “GAHL] AP
(Conversation with Liget)P& oA sy xo), o] FEG Ea)A4 29
ZF71go] 1A E Atz w3t

ojAl, o] F& F3d FI4 RYFo AL ¢FHA FMFF 24 3
GAE =tz k. e A Adelst vg 20C ALY ob
gl o# A9 FREdely & 3 FYddAE ALH " Agelet
A 75 e,

“gote A ok, 53 73tehA ol A - o] AL”D
(St. Agustine) Halet. o|Z e ZH o E st s 1 EH A AldA A
Fog : 559 24 JAL ol 2 2A4E 944 Fzxd HALse
25 282 AAAFAA 2 WA EATE Ao+

=998 stz E £ g (Hildergard von Bingen)d] A€ v 2E9}
e Eof o2 AAY FHE FHH P EY o7t ojn] AFrleln o] &
7FQl 4 « o] 229 (Pozzi Escot)ol] &3 A A= LAt

1) A g, &= (Ligeti, Gyorgy), # A € 2] o 3(NY, Da Capo Books, C1985).

2) #4%7kole ol 7k A - o 2T £F “z4 495 YHfZE £ Ya
o] Chantel 7t&o]q Zlehe o4 ol &3

3) Z2A o] 29 odAo]E FHx: Contiguous Lines (University Press of
America), Perspectives of New Music, Theory and Practice, Sonus.
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Y Ag5E 39S E7hx (47e)E U o o

Ex. 19| Spatial s =4 & 5 ARe]l, 44 7 FE=L Wi+
55T 24 498 ez dd. =3, A2 g #eriE v
Wz Jed 2 wesgEe b Zrh: Sec. 19 w2r]¥E J =56
o|#, Sec. I J =46, Sec. Il J =50 J =60, Sec. [V J =60, J=56,
J =803 J=60, 28 v}x 2t Sec. V& J =609 w27]|%E Ho F
o

27| 0l LbERt A= HIE(Exx. 2a, 2b, 20)

Ex. 2a
whole duration (2077) 360°
J =60 (62") 107°
J =50 (53"50) 93°
J =50 (48") 84°
J =46 (39") 67°
J =80 (4”50) 8&°
w (4//50)
Ex. 2b

i1 (m.1~m. 12) 0 (m. 12~m.19) lII(m 19~m. 30) IV (m. 30~m. 37) V(m 38~m.47):

J =80
: (m. 33~34)
: J=60 iJ=60 J=60 :J=60
J =56 : : (m.30)} (m.30 (m.34 (m.38~47)
(m. 1~12) : P~31) ~3D)
i =56

(m. 19~29)

=46
(m. 12~19)
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Ex. 2¢

Oz EAd ] =569 329}
AA e Bl dAHoz &

de $Eddl4
29 BAE

Zio|(niC(4eF AlZH)0| LIEI} Q= H|2(Exx. 3a, 3b)
Ex. 3a
J =80
] 1.5(4”50)
)
[
oo
J=601 | J=60
- 8”) | (135647 ]
J =36 ! =56
11.5(49722) ! (4728)
! =50 :
[ 10 (48”
1J—46 . )
7.5(397)
Ex. 3b

7 . "y __ "y __ 0y _ 7 s _
11,5(49&/7. 5(39/)—10(48"")—2(8"")—1(4/28) —1. 5(4"50)—13. 5(54"")

Agse 580 4

AAd 24 el £

+ +
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Pulsation speed®i| L}EIL} U= H|Z2(Exx. 4a,4b)

Pulsation speed =3 = (Ex. 4a)o]4 <2l Sec. o] Ve 9= Fo
time ofo}# (arch)¢t Sec. MelAl AF=e] E744 AZAHE i

Ex. 4a

640
600%

5004

4004

|
l

300

i

2004 == ]
]

I 100

pulsation

speed R e L I e o e o L B B e o o e o e S S LA o

5 10 15 20 25 30 35 40 45 47

—> measure

Ex. 4b
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°}°]'ﬁ;‘47]' e s & ‘F 9ty = time ofo}H Y A AL 128t oA
v 251 698} LA & pulsation speedE WER T AR F7}8t
05[ Sec. V9] 330} o A= 640°] g}= 2 3¢ Pulsation speedE xo|w A
Ae o]}, 2% w Az} 7+48e] Sec. VA FZALS zc) o9
o= £ time o}o}F & w3t = oFE Alo] 31vtH F-F 36utHe] AA
g des & F I

A AAEG(AZ) ZE oA S(Ex. 2b,2c,3a,3b, 428} 4b)g FE3}e],
% w27 5o, Aej(vte)%, A7b), pulsation speede] “Ept e v]E
£9 2AzF F5ted, 2749 2z TEHoE TAHZD AAH
B8] Ve AAA Bl @etaFF 24 39hAe] A4 AMAL &
FT=49 ofelfoldE ¢ F Ut

1-—2——3——5(8) ——~——13——————— 2l———————— 34 |

3———()——9——(12)——15——18——(21) ——(24) — —27——30

B. =25t 2ot AlH 1} 2272 Fibonacci Series

e 1 FAGRE
2 FAUKIE
3 BE 9 AFz AFo] ARAn,
5

£ Sec. & ukwl7] A Zgtet.

21 ¥ F& 9% 1%de 52 TAHH Sec. 9 AFA4

=z
34 34viH e F3k
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C. 39| H{f=>
vhe] 3o A — oy 6—
9 12
5 2E gl 7 MEEE
8 e A%5¢ 9% v
27
30 —

D. Golden Section(&=Z&H)

Positive Golden Section& 29t}t]e] A o o]1}e] negative G.S.2 18v}t]
oA Qelvtz gleh. 29uit]e] A GEE 7] A FE Feholatat 30wt o] A
Zutsle, 18vtde]AE BE o759 H2L Pl FAF 2 negative G.S.&
QAHANZ Qek. o7 18k A B EL 3ukE o ALHH, 4764
&0 2 doble stope] }Ebdct.

b

E. b

Jon

mjo
ofi

oftel| ZHFEHZE 7|

+9, &, W2 AzAAd wet Ex. 59 A4y, 44 =xE
23 F ok S(pitch)# FAtolg AH, & &4 4 £2F AHRA,
Sec. TeAY HzwFez Yet Jde 574 @G, DI Az
& @A), @F) Sec. oA 7t=3FxA @), G(oHH),
Sec. MelA 9 7tz asa @), @) SolA H3H 445 ¢4
g Aok =23 3947 AR AFFEY 3 @B As Abol)et £
4 @Fi} ADE dAAHolgtE S & F Utk o|delx o e
3 2ARAE @, @ @, ® T 39 gz CRelA w3yd 39 w9
TRAT I A2 dode] Jee =T ¢ F A
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Ex. 5
ot 24 L I% (hig]l}cjt
: g Ge § o porsm e | pitch
(highest pitch of '
start 2£I3 - section]) [I
. 9(3)
start A“\Ff }
S 9(3) !
9(3),
\\ [«I' JI
N F, ) 59(1) 1
N
& o :
N D [I)If \4A !
. 6](2) N b h '
510\ 16/(@) \ Bi A '
93N Gy Gy I
F, N . I':: |
N Dz'/4‘ 3 |
\ ’ !
N |
N (
\\ {
B! \33(3) i
(lewest pitch N II
of sec. T) R |
N
N |
S
(lowest pitch of \\ Il
see, ) C, (lowest pitch)
A =
AZAA A B ShE AL eSS £ &9, A%, T2
FAsE AAAz FeAcl PHEL AFHet $HE Fooltas £
o

Zkel 3077 =& A E 8] &S (proportions) & FF3tz Ate A S
QAT F g} A We 29(C,—By), 7FA =2 pulsation speed(640),
£ ¥ ol e wE wstge] Febolutaql 30vtHE o & Feholnt
248 53 gt =3 FEhelutast vEly] o] AR E, F& S04
TAA R UReAE B TR, pp, ppp, pp0pS OFF Qh& dynamic %
o2 Fgolataz o]lE7] & FHldz Yt
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71249 A AEE 7] EAGT: F AZEE 2ntH S wpA T
20}t 9] Silence; Fibonacci Series$} 3¢ #Wl4¢} #A#" 2949 359 F8
3 75 28z R go s zhEelAl s]Este] (pitch), ®ES} &9
o AAE FAEE Bo] £, o] EE

2E Aol A% A4 A%
F ZAE9 “high order regulator”Z Aw & Ftt.

-
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MATHEMATICAL MODEL:
Ligeti’s Second String Quartet, 3rd Movement

Mee-Eun Jeon

INTRODUCTION

The composer Gyorgy Ligeti has said that his Second String
Quartet is very important to him; that in this work he crystalized
his compositional technique as quoted in “Conversation with Ligeti”.??

Here TI'll be discussing the 3rd movement of the Second String
Quartet, focusing on the mathematical models. 1 regard the mathe-
matical concept of music as not only a 20th century development
but indeed a concept which we find applied in earlier European
music as well as other culture’s musics.

Music is a mathematical science, particularly geometry, writes St.
Agustine.? Three steps are basic to its true understanding: knowing
the laws that are of its essence; applying them in musical creation;
and discovering them in actual composition.

Many examples of mathematical models from Hildergarde von
Bingen to Schubert and Webern have already been shown by com-

poser-theoriest Pozzi Escot.®
1) Ligeti, Gyorgy. Ligeti in Conversation.(NY, Da Capo Books, c1985)
2) as quoted by composer-theoriest Pozzi Escot in her article “Gothic Cathe-
dral and the Hidden Geometry of Hildergard von Bingen’s Chants”.
3) see Pozzi Escot’s essays in: Contiguous Lines (University Press of Ame-
rica), Perspectives of New Music, Theory and Practice, Sonus.
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THE PROPORTIONS

A. Tempo marking

This third movement can be divided into five sections: The first
section is from measure 1 to the middle of measure 12, The second
section from the middle of m. 12 to the third beat of m. 19. The
third section from the fourth beat of m. 19 to the third beat of m.
30. The fourth section from the fourth beat of m. 30 to the end of
m. 37. And the last section is from m. 38 to the end.

As we see the spatial graph (Ex. 1), each section shows a very
unique shape and motion. Also, in every section the tempo changes.
The tempo markings are: first section J =56, second | =46, third
J =50 and J =60, fourth J =60, J =56, J=80 and J =60, and

the last section J =60.
Proportion in tempo (Exx. 2a, 2b, 2c)

J =56 of m. 32 is an interruption of the large shape in terms of

the speed
Proportion in duration(measure and time)(Exx. 3a, 3b)

An abrupt decreasing line of m. 31 and m. 32 is an interruption

of the entire increasing shape.
Proportion in pulsation speed (Exx. 4a, 4b)

In this pulsation speed graph we can see the small time arch
appeared in the Section I and the larger time arch of starting from
the beginning of the Section II to the end. The large time arch starts
in a very low pulsation speed (69) in measure 12 and gets increasing

to the Section IV in the highest pulsation speed (640) in measure;
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33. And it declines to the end. While in mm. 31~36 an another
abrupt decreasing line appears which is an interruption of the large
arch.

From all those examples (Exx. 2b, 2c, 3a, 3b, 4a, and 4b) I can
get the point that they have similarity and relation of having

applied an idea of interruption to the whole structure of music.

B. Fibonacci Series Sounding Significant Musical Event

measure silence

1

2 silence

3 the work opens with all the instruments playing

5 rhythmic pattern of each instrument is different

13 changes to the second section with new tempo marking

21 establishes the typical shape of the third section with a
narrow and low registration and repeated pitches

34 changes to the fifth section with new tempo marking in
the middle of measure 34. (the movement has 47 meas-

ures)

C. Factors of Three

at measure 3— measure 6—
and 9— and 12— )
and 15— all the instruments and 21— exception
and 18— play the same rhythm and 24—
and 27—
and 30—

D. Golden Section

The positive Golden section occurs at measure 29 and the negative
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at measure 18. It is measure 29 that initiates the climax which
explores at measure 30. At measure 18 the negative Golden section
coincides with all the instruments playing the same rhythm and
although this has happened previously. Here, at measure 18, it lasts

for three measures and it introduces double stop.

E. The Hidden Geometry (Ex. 5)
CONCLUSION

These proportions examined offer systematical and mathematical
ways of organizing the register, rhythm, and structure of the music.
Also, we can recognize that the climatic moment of measure 30
synthesizes all their proportions. The widest space (C2-B7), the
highest pulsation speed, a quick change of tempo and dynamic make
this point more climatic. In addition, before the climax of measure
30 a narrow register, regularly subdividing rhythm and the soft
sounds in pp,ppp, Dppp prepare and lead to the climax.

An underlying symmetry exists here: the opening silence of the
first two measures correspond to the silence of the last two meas-
ures; the fibonacci series and factors of three sound indeed significant
moments in the flow of the music; and finally the hidden geometry
shows the precise relation of pitches, tempo and pulsation speed.
This all offers the work its unity and variety and accounts for

Ligeti’s term “high order regulator”.
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