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Transposition of Color Sets

Student: Chang-Fu Shen Advisor: Dr. I-Ping Chen

Institute of Applied Arts

National Chiao Tung University

Abstract

For a long time, many researchers are interested in finding the
relationship between color and music. A great deal of effort was focused on
the mapping between the ordering structures of color and musical tuning
systems. A different approach is taken in this study, namely, we concentrate
on the color analogue of transposition in music. Are there any transposition
rules to entail ‘chord identity’ when we shift the hues of a set of color patches?
The HSB color model was used in this study as the basis of hue shift. Five
sets of color patches were created as the starting sets of colors. For each set,
the color of one of the patches was mapped to another color in an otherwise
blank set of patches. The participant was asked to finish the color mapping

for all other patches. The inter-patch hue differences were calculated for both



the starting sets and the destination sets. It is assumed that the better the
agreement in the inter-patch hue differences between the starting and the
destination sets, the closer the mapping is to the ideal transposition. We
found that if the mapping is over a small range of hue angles, the results are
close to a rigid transposition. Larger disparities were found when the starting
mapping colors are within the range of from 0 to 60 degrees (the range of red
to yellowish orange). Smaller disparities were found within 120 to 360

degrees.

Keywords: color set, color .plan, color. harmony, transposition, music,

synesthasia, the total work of art
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1.1 FREAET

¢ tf (Isaac Newton, 1643-1727 ) 1%+ = ZEGHdf B L 0 %H vl
CURRORE RN S o IR T ) SIREE R 2f0R %}Hﬁﬁﬂ p Y
[ B O T [ (R o B 3k O OBV R O
T EREET O %Eﬁjﬂjgl B 2 (Pythagoras, 580-500BC) - #fif# [faﬁl
(Plato, 428/427 — 348/347 BC) I | M ph L1 5w % 2" (Aristotle, 384-322BC)
AT - 7 (colorf LR NG FH ol 3L 4 140 - [y
i (tone ) FILALAT 5 e o g HIRLZSTang oo ooy 4 97 )~ EfR I
IR e+ Bl R S g
SR TR > i REIRL RS - iy 2 ST g e R o
Ko~ PREHDAL PSR 4 SRR R » 1]

il 03 FTgy 99 50— Rl 1 R U8 B e LR A ;,»oc[;ﬁl?»[

' The colors that depend on simple ratios, like the concords in music, are regarded as the
most attractive, for example halourgon (purple) and phoinikoun (red)and a few others like

them.

Aristotle, On Sense and the Sensible. Translated by J. I. Beare

it IR RS e [ RS = RO S HERLATR Y (note) i FRLFTHE ™
SIHIPE= [WS 2 4 STl A, B, C, D, E, F, G » |~ F&“ﬁfj’ fLfi Do-Re-Mi-Fa-So-La-Ti

EJIJiLiFﬂf?I IO £



SHF L R PRI + PR s
R (PR T VT -

’5[1& ™ ,iﬁmﬁa’?qi_’?gi(Vasny Kandinsky, 1866-1944 ) - r@-?lgli ( Piet
Cornelies Mondrian, 1872-1944 ) - fpfi i 7| (Paul Klee, 1879-1940) %™ *
A (HE] EFU?F/ g TR RSV R TEIVES (T 0 05 B b - R
T LAY ¢ (A%~ IR G R R g ¢
RYSU ~ R o G 6 T S PR AR F S AR
e et B P A B (R S ST T b e
U e R i ) BTSN Olivier Messiaen, 1908-1992) I']
F)U_IJJE' h'# (Alexander Scriabin, 1872-1915) = * 7 [‘PEIIEﬂ'jd[ %c FAE
[ A RE EL%WFF[E'I R T LY AR TR RS T e

Q%ﬁ' 1-1 Paul Klee, 1879-1940, Ancient Sound: Abstract on Black, 1925, oil on

cardboard, 15%15 inch, Kunstsammlung, Basel
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PR DA R R

1.2 PR e E

BEIR 32 RARIRO AL = e e L HANEORS o (T HIRL
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AU HE AP FE AR o

1.3 P
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U 1"’%?’%'?]‘
2.1 «1#;%[H (Color Space) -~ «1#8E] (Color model)

SV IR AR P EEE R ¢l - ARV ER S O Y
SR ) A T EF T I [ S S R 2 s e
#)(Jackson et al., 1994) o fElffj— ™ & [ " REREASTIFG - 2 GO i
MR Rl F F R R U E I SR R P B e B T R R
ifl IEFFJ?%I%WJE‘FFl%iﬂf*tﬂgg’_ﬁfiiﬁ'fﬁJ%E“ﬁ'l FWEI?ZH?]’F?? Eﬁj[’“i‘é =

AR 2 (PSSP €17 55 PR R - B L 2 R AL

TE[

ﬁ;. H 8 e F’?T £ (Schwartz;71994) - EI[E'I/TP'E'}'H' ] jﬁli%ﬁﬂfvﬁﬂ

H F[fj cﬁ'[%ﬁ9ﬁ;ﬁ'l fl?[ %‘;—"J i JJ*JF %mk&’gl Il':i— FE ﬁﬁﬁ‘ﬁﬂ o

PPN T B RS T 20RO R A R L B Y FFT—F pd A2 = a# ( Cartesian
coordinate system ) ik’ I JﬁﬁéL['r’??F'ﬂ Ve R (Jackson et al., 1994) - ==

PR A ST ) P

2.1.1 RGB

RGB ~ AR €15k = v & > fll— FEIEJEL & f9 & /A8 o iﬁf[ﬁ' SR

e 7 R T OB o SRR S et S AR



B8 (L-cone, M-cone, S-cone) Fﬁ% It “'ﬁgu%ﬁl | KA e
P SRR SRR D PO RER R A R o S R PETRLE) - (g
L PR R BEPOORRY Sh SR L 1 6 R (Jackson et all,
1994) - T3l Qﬁ“ﬁﬁﬂu'*@iﬂ?&ﬁ‘rﬁﬁ” (=5 Wikl > RGB
BRI PR R pjr%f%}: Pl o e SR
(Jackson et al., 1994) » [# 4 3% Color Matching Experiment lﬁzfﬁ%ar‘:ﬁ
e 2k I fmbﬂi?ﬁtf[[ﬁl 5| RGB ¢ [%ﬁﬂl‘ﬁtrc‘u%ﬁic‘ﬁpﬂﬁg -RGB
SRR F SR RRE T Y S FERLITHII] O F 255 gl A
F R~G B Uff - {1} (255,0,0) Ui (0,255,0) fUpie
(255, 255, 255) (YA flespl— FAka HFIRLI A A 2E 5k Ay A

T+ g0 #000000 [ &) s #FEEERF (85147 -

2.1.2 HSB

o R Y AR R HSB > HSB <1360 B <~ 7 £ HSL g5
FLHSV €138 7] » kLT Alvy Ray Smith 7 1978 & [ 5L V] F{ LiEly
== Dick Shoup 7 Xerox PARC 3i%— & £}55 SuperPaint pJ "'sqﬁliﬁ

[ HSV 1345 BIHI[RL Y SuperPaint J& HoiAt IRy — 78 o348t
B[« HSV Ji [l % Hue (iff!) - Saturation (&#1% ) - Value (% ) -
%« Adobe System ’* ﬁjﬁ@ﬁﬂtzﬁ?’, John Warnock 5 HSV 4| * PostScript

FIPHFGRTR 2 e 2 e 85 HSB (B {4 Brightness » #S[f7% ) -



Alvy Ray Smith ﬁ?ﬁf@%ﬁ%’.%l’ﬁi%f;?ﬁﬁﬁ’?fﬁiéﬁf@?’,ﬁﬁg » ST HSV
CIRARE] o AR E Vgl B PR ey PR 2-1)
VORISR AORLIS R R AR 1.0 - SRS R
£ ORI 50 8 (585 0.0 <134 P %) RGB = U E3y s

R S T e R PO R g ) T BT R (S
o G EATE A - EH R HSY SEIIuR S 2T

JI/EJ"I PI_“ I—kFIF;Jl_F)}}E Nt FJ 4 ‘E'[ 0

q%ﬂ 2-1 HSV 1%L E| (%1 Foley et., al., 1990)

2.2 Color Context

RS G Gl Ee ) E LR g il AN e R KA el S LS
FiT e R BEINLE R I RO I RS
i SR R B R FTRIE R W2

B <1 PF"F%EE FUFSR o FF‘ %Tﬁfﬁl} 137 ARICEL == (K Eap i §7 =R



T U OB <1 [ﬁjiﬁj—iﬁfﬁg?{ﬁgf[‘iw 15N TR o SRR
S I%F“ 25 o IF‘ FE1 <15 f?&lﬁ[ﬁc‘[%ﬁ?ﬁ%f@p VIR G4 B color context e
Color context S{hZ5 1Y &1 24P Y2 5L > B H RLE & lgﬁﬂ%ﬁﬁ JENREE

$JE= (Levkowitz, 1997) « i 2-2 7 + Ui 1T B f LY 1R
ﬁ%@l BT ?J ERIIREERL > HiET Eﬁ'li‘F@}ﬂﬁEﬁ'l;ﬁ'Fﬂ _FEﬁ“J Fﬁ%ﬁ}%ﬁﬁ&'l
J“FJ Fsp J%{Zi&z ; rﬂf—ﬁ Y ﬁy]}ﬂ Color context “JbA FF'E“ 1Ry ﬁﬁ}fﬂ
puzpgs - Land Iﬁﬁi color context ?F, i 25 = 7 = (Boynton, 1988) - Land
= McCann jiﬁF % ViZpl Retinex model » o HHHPF LSS IKACM@I&

PSP R PR LHEFIBLAE o (Levkowitz, 1997 )

B3 lﬁfg PPz A R P AR L (e J§Ji[lfﬁ{ﬁ¢ﬁ:[]1ﬂ’?‘/ [y a:ﬂ"‘flﬁf?i
ALY gt e AT - R s B
& 4 AR {7 ﬁlﬁ—&ﬁﬂ:fifjj DIl s Eﬂl%ﬁ‘ﬁi?]fﬂ 18

%5?5“9|'F'3§T5‘I%FW§5¢[‘°“Eﬁﬁ[’?‘a YN SRR TIREE U RG] R &

g

Er{@@ﬂl [T R N S R AR A A f“[fl T R R A

ORI [ 5S 7 ~ 30GpOAT R AT L TR 3R < (Levkowitz, 1997)

A1 2-2 T[T TSR oy



2.3 HZ¢# (Perception)

m

LA 2 B YR I 2 AR S IR R

FE B ) SLE P MRy | SRR i
B - |, (What is real? How do you define real? If you're talking about what
you can feel, what you can smell, what you can taste and see, then real is
simply electrical signals interpreted by your brain. )lﬁi t Fuf YR & 2955(The
Matrix) f[1 Morpheus %f Neo Frgifiy— Egﬁ:jfl o BEIRE LRSI FRSY HIEL F oo
’F}H*”J%!ﬁ['I'J'F%f%if?ﬁ'?ﬁ’iﬁlmﬁf'%sﬂJfr‘zu o Wl R F: ST TR E g
M PRLE =5 PRSP e R il oSS 1 e =25 PR 2P T gkl

SU%E o (EURLEDFH el UF P S FISE S T - IRLTE - BTEERER 7 55 (]

—fi

R Eﬁig&u FLUE IH#J:gqj/;[l 1o 2% M IHEIF“FI%EJ#FFU  BIPEE

ARERLG Y Bk % -

FPIIEL e U B F o SR TIREPISE AV IR ST (ERLIY e
A BRI A AR SR » 1]~ B R
i ,thf SR RLUATRERS ] (Wolfe et al., 2005) « #fI 5 - SFLLLE > -
i z%'ﬁ”ﬁ@‘f”&ﬂ% R IRl S e R S S e I M E A
U B SE BLES P S iy RIS B OB ST R IR T
gl XA ERE R RO  AERLEN LT R R U - TR 2

fFﬂF‘fJE'ﬁfJ’ R RER) R AR s PO s O B e BRI
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7o

(LS LS 9 X AR TARLED ot RSB TE e R B i 50
HOPLR I B USETERLES rﬁrlﬁﬁﬂﬂﬁiﬁ HEE T EIN R T
RBEP - AR AT Y O B A e E o
fiE G S % Syl T o SEEJATR BRI -

L R 5 SR S L RELR PR LY o TR
PIFVH e S SRR TR ™ 75 % b o S fpRy RS o TSP 5 AR

__E

FlIji ( Heraclitus, 535-475 BC) RS 1~ ] fob=pay— © & T 54
MY HR 3, (You can never step the same river twice) - ?iiﬁﬂﬁa{
FEpRTH BT o AR o R P i R SRR, - [
TRV R PSS S B A Y R A R AL T
~ RV e W‘Jiﬁfﬁ'ﬁ?’l@?ﬂ\ PP PSS [ ) RLAE Y ol - flﬁﬁ‘j'l?% °
G UG P o [ AR Hy S 1T T = U o b RO AR
PR SN o HIRERR R SRR [ 0 L L R
TRBEIIR LIV gy g G RIS EL T (adaptation)
(Wolfe et al., 2005) » F 5|5t » Pl fUFGHL o o [IP1 24 o 7 g
SEE TR ST FIFORB (T 1B R R RO RS [ R

Ig[ EI [ﬁ”@j}’ﬁj‘*ﬁlfﬁﬁjlﬂ?&t , s T I[_“[EI D«ﬂ‘fy]?ﬂ PFP: ,%I%J[ °

P13# B 4% 27 (Pythagoras of Samos, 580-500 BC) iV 5% :glf'mi =, i)
i S ol Rl L BV 4 SRS SR (e N Jiﬁﬂﬁﬁ%mﬁj‘:

= PPN R o TATREE ) B AR PP RS R S b
10



[H

frif i (Plato, 428-348BC) [I[:£ F”ﬁ' , aﬁ&ﬂ?’ . Pf xﬁﬁg

(inner fire) & ZPLE A SE~ W5 & 7 RS SRSS % 2 9e - SRR EI %

-

i (Aristotle, 384-322BC) H[[R&~ lﬁ%gj @Eﬂﬁﬁ@ FE LA BRI S LR
Uk REDRLE S (BT AT IS IR T, EIP o R e -
Fol Z(FlH] Al pofie J (f1 2 55 B2 38 A (Alhazen, FY7E £ Ibn Al-Haithen,

935-1039) F LT A ABLRLE P S R A U g

B 1 SO IR B W] BT R i R
[H-pE R (Comea) ~ [T (Iris) [ (Pupil) ~ il (Lens)
I} WA (Vitreous humor) .V i e ! flfL (Retina) - 3 £
b S PR S B s RORSEERRY > TSR N Ry e o
o AT S (M LT o R T PR g > i
A TR PR PR I P g R D o R

= (R TR EERLE B R fRE J’“Jﬁijtﬂﬁ’?%'ﬁfﬁ’l%ﬁ%i(Colorvision)o
PR E R IRFE 0T o B A P LIRS I 9 5

[ B R A W AR 2R 2 pOR B -
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Posterior chamber

Choroid

Sclera

Optic disc

Optic nerve

Zonular
fibres

Iris Cornea

Anterior chamber
(aqueous humour)

Ciliary muscle

- Suspensory
ligament

Vitreous
humour
“-____\
~~Hyaloid
canal

Retinal
blood vessels

qﬁaﬂ 2-3 Ef@ﬂ'lﬁﬁﬁ (d¥F1 Wikipedia ?[ﬁfﬁ 2007.4.29)

2.3.1 “1%mgE(Color Vision)

7Uff‘ (Carl Jung, 1875-1961 ) ]ElﬁmH "Colors express the main

psychic functions of man. ;| - Qiﬁlﬁﬁﬁ’ﬂ I'FﬂEQF#JEﬂEH » <R[S EiIFfI

S P 2 97 b [ SRS [ S T2 40 4 )

EURHE] 2 A HE TSRO SR LT N T 2 AR R

T 3 (PRS0 1%

B f B R A SO

SIS PRSP F R S FUIRIE S o A RS o R e

A i F[i@[”ﬁ”%r’?ﬁ G PN S S AR T H

IR SR AT o FUIRI E R DY gt

T TSR L * AR R ] SRR SR e

12



"EJrJi Cﬁ'[?ﬁ)ﬁﬂ?ﬁlfjﬁz B jﬂi{/[[[ﬁjﬁ;’rﬁﬁ LAY EIIE I;%—{\ AT 1

= Rl %E—Tjjﬁ‘: 0

w1 R R Hl ] [l 8% A <1 3k (photopigment) Bu ) T2 £ <0 45
( photo receptor ) s 75 ## I‘T”J?E'F”TE/ FIARLE I?E‘Agﬁ HR il = L
[ IR o S5 7 [ ST 3 TP 5 PR L Ififj’ﬁfi ~ AT
SUEIpV e R R S S (trichromatic vision) » [ETC R FENIE 0 E T

(- (great ape)l | 1 5 EH R 5 E S AR o iy P fivEr

n

A S E S S R (dichromats) - &N AYIF 2T ARV 2B ST
2 i # i  75( JacobS'et. al, 1998) - H it B SEAS A l] 2 WS
TP i 5 (tetrachromatic. vision) ¢ Gg KAV FE E S < f g TR
(trichromatic vision) % 7 @ =~ 4% 158 ﬁljalﬁiﬁfé@?ﬁﬁfﬂﬁg
BANPYIRE S Tl A AR T T AT ST > B P R
El c[J sz[ STPURLIT > U~ PR R - SRAEp P 1)

P PRORTH R - 4 DR AR R
A ACHS) RIS e B PR S TR R TR
i 1 5228 (monochromats)! | b S5 o e AL AU AL 4 T )
o - FERLNRR B RS PR o S R TR R ﬁ

<R E, ( color blindness)

13



SRR S R - SR IR = 5 TN E - W
F'UEJ%FAV f9fFEJEJFj:T%§‘FTT  FRE AR R IV DY ol BTHRLT [ 2 SRy
AT PR PO B o FRLE LS F R SR R R 6

Poo [EfREPIRRR L 2 G SRR > )T e A AR S e
P48 (Purves, & Lotto, 2003) - igamﬁ”i PrigE SRR SRR FL A
@Eﬂj}{ﬁj ﬁ TR e Tyl o BREFRLISIER S TR A T 2 P A
PRI S - 7 Jacobs ARELAIRIY l1(Jacobs et. al.
2007) - Fpl R W LR T RS AR ORI BT R O M AL I R
FpUHELE R 5(9%[ U1 (novel color) > iﬁ[’*‘%%?%ﬁﬁiﬁ*ﬁ
SURPEICIE R o RURREE L RS S e AT T EL

FupN R L PNEOEEAR I SRR AR 1) - PSS TR Ay eI e
%ﬁ’kmwiﬁwiﬁﬁﬁﬁﬁﬁﬁﬁﬁw’ﬁ%ﬂﬂW@ﬁmﬁﬁﬁ

R 4]~ RO -

2.4 # B=F (Synesthasia)

" RIPVRTE AR e 4 FEIRRE Y e SRR O

(RS ARE R RO < 09~ SRR b 0 g 3 PR (R T AT S 7

Frifjsp (sensory modality ) F‘F Lo 5 I ERR S B S R R PR

# o (Martin, 1991) - IHLP‘F'Y ﬁﬂ@glg — FER ?jf’ﬁﬁﬁ’l%ﬁjﬁ'{ﬁ%ﬁ‘iﬁi

L - 0P B G4 % S0 B(Lyons, 2001) - Hi-
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[ Filﬂﬂ 1A ?Hm“wﬁﬁﬁ[ﬂ IEHJEFJ 5@{/} %EI_FI&E E Ell”g”F—FUE} r‘g , £E$

dﬁ

IR ELH BRPE (Synesthasia) - Synesthasia — ;%ﬁrgiflﬁ??[mqg@ s L
HH Twith, (syn) ' Tperception | (aisthesis ) fiYy fi i 3 iy =5
LR Y B RIS 1812 - o f@BIEA Y Georg Sachs i
Feo 287 20 il Y EqFA U R I E IR - R SRR
PLSREF )R - 19 {f] el fF ﬁF[ﬁ: S0 ShPy 2 oW T o RL- MR M E =
e FEURTE VLR (Lyons, 2001) - TRE(R] ~ 3] % 82 (Charles Baudelaire,
1821-1867 ) fil-fL— b= ?ﬁlfj&ﬁtfﬁ[&ljﬁ s T4 1851 = &liﬁ’gﬁfjip‘@?&ﬁmj/l’—“—
§2f (Du vin et du haschisch comparés comme moyens de multiplication de

l'individualité ) [l ﬁﬁvﬂlﬁﬁf_ .

Sounds have a color, colors have a music. Musical notes
are numbers, and as the music unfolds in your ear you solve

extraordinary arithmetic calculations with alarming speed.

(Les sons ont une couleur, les couleurs ont une musique.
Les notes musicales sont des nombres, et vous résolvez avec
rapidité effrayante de prodigieux calculs d'arithmétique a

mesure que la musique se déroule dans votre oreille. )

WO T (P EE 2 pURY 5T £ idiopathic synesthesia 2 acquired
synesthesia ['| ¥ contrived synesthesia = %i(Harris, 2004) - idiopathic
synesthesia ﬁfgr?}fg B R L A o £ *EJiFEF%Ej HORE RS S B b
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{7 ) acquired synesthesia X |fiv+H B[ LLF 128 (LSD - J\Iﬁt T
AEST) R O FRL PR IR U g Ay Y (Harris, 2004) - (s
T2 > [] contrived synesthesia 7 BT HIRL I~ A il oAy
Il B9 BB 2o e GV TIPS RE FOAs &« (e s Py U
%‘f’@fﬁﬁﬂﬁ:rﬁﬁ'Iﬁ?’”’fﬁ?ﬁﬂﬁﬂﬁﬁi3’f’?fm‘ﬂﬁﬁﬁ G o TGP AR i? >
| idiopathic synesthesia K1%|fvH B% - » R. E. Cytowic f?'i?%’ﬁj )T

idiopathic synesthesia K %|H BFEfVH 14 ] 25 (Cytowic, 2002) :

1. HRFR % R IR (R
2. HBFER AL O H SR e T H TR e

FfffA X952 (photism ) SRPERENZH & B eI P ct il -

=

3. HRREAVPIRRRLAT < TR R PRI AR« R S
- BRSO F 2 E R BT B R B
B iU R ¢ R T L P S RO [ o YR

B B 7

4. FURGERVIGERRL ) N EEL Y o T2 S HURRATRRIY N A8

F:,E“[ﬁ (hypermnesia) AUzl 44 -

5. [ S [ & T T fp e RO
4 H RO I B 9 RO R IR B 5T > AU Sean A,
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Day fiui# gl (Day, 2001 » J[f1 Cytowic, 2002 » F1 17) ,L’Egﬁ?ffllﬁﬁfj’ﬁiﬁﬁ

S HUIHRL TR, -3 H @, (Colored graphemes ) ~ T E‘-'I%—Eﬁf'gﬂ

Hioh H @ (Colored time units ) - I'J & T 15— f{ﬁ@—* "% | (Colored
musical sounds) o [fijf& Fp[IFG PRl R SUREER T EE 2[RIV

ARKER] > 32l Sean A. Day EJ%@%ME‘?'"‘ EJ‘ 40%!") i ST H [l
Bet) 2781 ] FRudURR -
F 2-1 HRE R T B (Day, 2001 - #¥F1 Cytowic, 2002 > F1 17)

Types of synesthesia (N=365)

Colored graphemes 66.8%
Colored time units 19.2%
Colored musical sounds 14 5%
Colored general sounds 12 1%
Colored phonemes 96%
Colored musicalnotes 10.4%
Colored personalities 4 4%
Colored tastes 6.3%
Colored pain 4.4%
Colored odors 5.8%
Colored temperature 2.2%
Colored touch 1.9%
Sound —— touch 2.7%
Sound —,. taste 2.7%
Sound — smell 1.1%
Sound —— temperature 0.5%
Taste — hearing 0.3%
Taste ——» touch 1.1%
Touch —— taste 0.5%
Touch —— smell 0.3%
Touch —— hearing 0.5%
Vision . taste 19%
Vision ——» hearing 1.1%
Vision —— smell 1.1%
Vision — touch 0.8%
Smell —— sound 0.3%
Smell —— touch 1.1%
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OO e G AR 2R EL Y A (Nikolai Rimsky-Korsakov,

FEE ( Olivier Messiaen, 1908-1992 ) fﬂ}*}ﬁ A [%EH

]k g puﬁf

1844-1908 ) -
o ELRLE L T Y e

FUTPBIF R RERLIRE )= A0 SR = S0 POATRT G o P9 ORIt pre T

Colors are very important to me because | have a gift —

it's not my fault, it's just how | am — whenever | hear music or

even if | read music, | see colors.

FEE [ po— SIS IR S RER YR At PO kL g "modes of
gt ee === S e R S TR i R

limited transposition ; - &

S U R PSS g BRI 57 9471 tone helix

(ﬁ%éfﬁﬁ 2.4 Tone Chroma )2 S804 - fﬁ[j{[ %ﬁt%ﬁ! *ﬁ“f IR ‘/ﬁlffﬁj 14:( Cytowic,

ﬁi °y Rl f‘eﬂ i Fﬁ‘ g Y Tp I'EEII

2002) ) PALE I 9 e

% .

flipu ETEH ¥ (Alexander Scriabin, 1872-1915) == RS fL HEGR & A
VIR > [E RS SRR S R P PR 2l T g

[ kL A 7 Al B ”H rf“ (Theosophical Society) fiu #1 4+ 5 % FL A+
(Madame Blavatsky, 1831-1891 ) Ellel,?r"Tj TRy (Harris, 2004) - Bl BNk

FEERUEERL Y [il ﬂiﬂ?ﬁ”qﬁﬁﬂi‘f‘nm(Gesamtkunstwerk Fy7#i the total work
of art)— g R P9I~ kﬁvfiﬂq%ﬁ“@cﬁwﬁq irp- WRVEI I > [



gl pls B e = UL MY BLERHREG contrived synesthesia

UL T T D ISR B2 ST U R BT
£k (Composition) 3] - TJ#W*T“ RS L ﬁ;ﬁ“’ L FYEE
[i' I fgf9p g [=—Concerning the Spiritual in Art (1911)8!- 4¢3 - rir[

o Pr ) BP9 ) R

Color is the keyboard. The eye is the hammer. The soul is
the piano, with its many strings. The artist is the hand that

purposefully sets the soul vibrating:by means of this or that key.

T 1 T 5 R g T T B
Prometheus: The Poem of Fire (1910)- iFPF TR FHIE 1915 & T
E%']: » fj E'J’J'F["TF?I;J'EIU "clavier a lumieres ; (% &84 - Keyboard of Light » 4
i1 Luxe) 2o o SETTRGCIR I BRI ] - FVERE > (I kAL
GIELET » s I S S BT R o {2
[ R AR o I R KR RO < R L B

ThL- it idiopathic synesthesia » El [ 1fi— TFIRHEET | OAS T c‘[%ﬁ"ﬂ?ﬁ S

GO — €1%) 50 (color organ) kI 1730 # % ik~ 5% R.P. Castel
] ALY ;Jg-‘;r»;r,éw LSS RN (VR TIE$E Z (Arnheim, 1986) -

S @SR R 17 (Shaw-Miller, 2000)
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’E%F%EYJH_'—TT;%L_?%F?E XA e =9t > 7L (Friedrich Wilhelm Nietzsche,
1844-1900) pyvaEE(uGc4 (The Birth of Tragedy ) ‘?S‘r’ﬂ R ELWJEEWE% Bl
?Jfl'%'ﬂ*“ﬁ'l%?ﬁ TJ ARG o R TR T s RUEERRLT R i 5
+:§;j\ k}hjfﬂqﬂﬁﬂj [ilﬁftj]ﬂpjfg[yi £ r);al/&ggs ($3 2-2 i i) [ ELNJQEW?,
R S SRR R L R R -

Fe 2-2 Fuh A G A B 5"17"%1?‘?3#} ARV EE (J¥FT Harris,

2004 )
Blavatsky Scriabin

Red C C

Orange D G

Yellow E D

Green F A

Blue G E

Indigo A B
Violet B F#

2.5 Tone Chroma

N\ By SR E A ) [l fETayE P ?‘LH EB‘P&LEF/E Alﬂ

BT b SRR RO 9 ] DB S

lll

?‘ﬁ

SEEa

VR M RS PO (RS S R B EE R H R ERI R
I FORLFT T B R R o PR RS R A
I%iEJ“U = -r# = EF[E “ 3 ﬁ: _J ?'[ ?‘I%i}'{"\]j]; ” % Iﬁ( IEIJ q%‘ll :JI& Ei*jc;g ;[/ ,’L:El Tone

Chroma > yp[ﬁl 2-4 F. o
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Eﬂl 2-4 Tone Chroma (¥ Butler, 1992 )

Tone Chroma EIU,%?.#%T B o A IZRLE 3 I B BpVEE T o b AR AR
SURLE TR AT SR - & WAl AR R EL"I*C—{'?F'}“ IR
Rl B e I o IR T A, UL R AR A
Tone Chroma I/ - - ’ﬁiﬁ B 5 ﬁJ Tone Helix (%[l 2-5) - iﬁﬁ—iﬁfj
Tone Helix ﬁ’xﬂﬁﬁij‘:ﬂ%ﬁ}%ﬁ‘ﬁi RO PR AR [ A B R PO 0
[P Eiﬁﬂﬂﬁ)};’fﬁmﬁq@ﬁl Tl » P by lﬁiﬁ‘ =L N NEE: S JE"?”, g

STRJAFM 177 7 ORI 2 B Py R (e

C5

[ @7 IB——

Ca| ———1

A¥ B C1 C# D
Bb

b
D#E

E

Ab F
G F#
G# Gh

[ﬁl 2-5 Tone Helix (&*F 1 Butler, 1992 )
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2.6 %I%‘ (Transposition)

iSRS P2 GRS A L P P PEes o [flegefsi— R P2 g
PR PR ERE AR TR AITE ) ] R RTEAVEE ) SerpssIpaRa o
FigEHIpoPR g - =3l | SRRV SN PR A - W ] BRSPS Sk
fi- SRR BB A I = {9 2 RN @ SRR - - e
E;Pﬁ‘ﬁir% “JI}F)“:;LF’?E'EH[BR Key Vi > BN ydRg= Sl | RUE | Pz e 1

AR RN e IV EAt TUE

CK&R DX
— o
— . ——
~ ANV
¢ )
C
N
/ \ *E#zﬂilé &1
\ m%zﬂzlé =1
[ 26

RGN %%‘E‘Jﬁé@;i %‘I‘%Hfﬁ@f » LS AT 1 o A R
SR 05 1y 13 PGS B B RO

b TR YR o YRR PO YT BT B 0
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’ ﬁlﬁl&lﬁg%”m LR AT GRS frﬂ'ﬁucuﬁ] o T RY BN
F I—T;[fJFI A9 S fRRLL ¢ %{,1%&@ Mﬂ - [FIETES, 2007) © = 7H]

PR Y I A FESR T ] ﬁﬁ;mﬁﬂjg{é@ g 2-6

_ﬂ

o VAT IR R B e R A R s 120 R R G

[ > = 7580 PRI ) RO B

[ 27 TR A P R (IS TSN - 3L 2006.7)

2.7 H95E 1) PR PR

2.7.1 ﬂ‘uﬁﬁﬁﬁk]

RITE T I RSP B L ORI -
RIS [ SEREFOR 18+ SPRESEAE- VIR ] i R i e aR
T o RO R (R ST IR SR
FIPWRT A [ OFFARRLE - R - SRR A

VEREIBEE st = o B 08 fofd & RUELERL Tetractys (TetpakTug) sl



L

T AR AR R PRLMEERL S R R SR ¢
ﬁl?ﬁipnmq' » ELE1+ cu 8" ﬁ‘ﬂi«%ﬂc 1% pjﬁlrﬁgﬁiﬁz yp@l 2-7 F4. >
Tetractysigh4}%”%”5&5% = F% lﬂpul}iggu&@\rgl SIS

34 [T %ﬁgmﬁpﬁﬂﬁ’:ﬁiﬂl% 10 > ﬁﬁﬁﬁ%gﬁjﬁg v - RASEER o T
Tetractys Fin! &0l & GuEAHID o =07 0 SAHRIFOAIDS TR e
Tetractys TEJFFIBF'@ 3 E#I‘( 5Y1~28P) YR Z FRUF L 2 AT U

LR 5 < [ BRI PR 7 B SRR 7 RS

Q%ﬂ' 2-8 Tetractys

J‘JB% i rlmiNA [’[ﬁff[ ] (Hall, 2003) - [fij Tetractys *4 fi' " | Js i i £ 3%

ﬁiﬁi’?ﬁﬁjﬁ, %ﬁ‘ﬁgeﬁfllﬁ%ﬂﬂﬂﬁﬁﬁﬂ (interval) %*E“ frﬁwﬁlﬂl%p A

5% Tetracys Pl E IEES- ¢ [J}‘H

PR S — B R e

\’l

QJ

J

I“

ﬁ ST
v

- BEE SMERT I A0, 1, 2, 3 A fE] o

PE=OY FFFU*@NJ“%%’* R BT EHI AR R ]‘Fff*iﬂﬂl ] Fﬁf 0 BV 4 £E
# 1] EEf fF’J]EIHI SFE[ (57 o

=V 9t > Tetracys FriE= i ‘*ﬁ?“ﬁhﬂbﬁ — I RS ST D Fi AR T

S ET O THED T PR R BEC
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PSR FOR ST BNE D /21 o SRR OB ﬁt&

BUSFYY 7™ A > BORLPSEE T 7 SEApofT =T 1) e ok ke s HTE

Q%ﬂ' 2-9 EUE R IUEER (d5F1 Julyan et. al., 2002)
PRLR A FRURAY /B + BRI @ ERCR TR o TR
LR STFCT 34 R T OB @ ERCREORPE [
g [t 5 ﬁ“’—‘[?’ Tetractys ﬁ#lﬁ#@(ﬂ/ fIpu =g > #4 1:2 ~ 2:3
3:4 -

2.7.2 FEHIS
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T @%:%[ It FDH ( Scientific Revolution) % * ?Yﬁ Eﬂj & (Age of
Enlightenment) 7 i » S~ F I%FIIFIJQ?E_IF[%JJ\ i St I S e
B ISR B IR P - TR R S R

EERRIE o o g W R O IR K R

_-Ell

RIS e R v S U # ERVER) o s R R,

SIS LT PO R R -

- TEfYA 2 (Opticks ) - F;HI ; r:a%w I%Ffr%ﬂ (9 Y
2-9 57 - T Rl > Ma - ag - ge ~ eh - hi~ il + IG FRFE A
SPREIA G PR A~ TR Wi S S YN GM R TR
il MX ZH" GM =7 > 'AJ G Eler'T_f"fﬁl'?@ X F,'t@ 0-fiM-a-~g-e-
h-i- Ilﬂﬂ* (il <1409 55 PR GX RS R iU 55 5T H[RL 1/2~9/16 -
3/5~2/3~3/4~5/6 ~ 8/9(Newton, 1730) » iﬁ“J?FEV’flr}?E?‘fﬁﬁ i (just intonation )
pli J%%(Sepper 1994) - 7 1@ -J O IF:‘ R B RS -
RAPTEABEE BLT L e s

53 Kb FERH N ] [Pt P

g[ JE[FII T ET AR R 1R ?v[tf_ Elﬁ@_ﬁﬁgfﬁg];

A L X 0 T 0 f F
',I \\‘ ',l \\‘
Pi i T
\ ; A }
NG h el glal™, M.” X
1 85 3 2 39 1 0
9 6 4 3 516 2

q*éﬁ‘ 2-10 J & l"/ﬁ’ﬁ il STEPEd R (d3F 1 Sepper, 1994)
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2.7.3 FH Oy

£ DA R e AP MR Y R R
FARHE P TR RUERTRLST N T R IR e PR Lo 5P
PEAPTRE - S e <) U IV B IE R0 219 i © Alan Wells R~ & 3
FEFRL T PR S R BT PRI PREIRT ) Y BRI
el ?”E" [1= ﬁf, (tritone) fi J%%E&cu #H 1Y H] <1 (complementary
color) 5'F | HI{l] 3R i (Wells, 1980) = Tiﬁ FLs e fLigrparg > S
TP PR I B R S R o RS 1/1@?5?.@@5?4%1@
(diabolus in musica) =i AR i FH ]-ii] elH 1] (common
practice period ) ElfJiF%F&iﬁF J?ﬂ%ﬁzﬂﬁjﬁglﬁj %“ﬁlfﬁi@ (dissonance) -
R FRL T U (A RS T P R B R
FVRGE - FIUpb= 2 GRS "R A o3 BB e A
B E UL RO T IRARIFL - PSR R 8 o= = e S e
F“EIJF%}%JII o (RRL (R P BRI = 2 SRR

B o EIHINST) RO T AT g BIIRRSH ERAIRY R BRAY

® Moussorgsky ]"Elf,[}, Boris Godunov f[1jiv Coronation Scene I'] % Rimsky-Korsakoff [

Scheherezade [|IfiU57 = %.E'éﬁ[ » I'] % Wagner EJ%’«% D%EEEJ‘F“IF‘H ( Gotterdammerung )
[IRR1S 2 3 Fh = Hagen Ui » FrBepi ) " nbsfsdi, S RIfeIS 25 0 12
3] "o A% E (The Simpsons) | fi0H PRENFIEY RS 2 4
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PSR TR SO A LB R (i1 - B

ﬁ‘iﬁﬁ"?ﬁ‘aﬁ o g [B] T 'i[F' FITé ,]ﬂj,ijJ gkﬁl 1

I'm always in hope of making a discovery to express the
love of two lovers by a marriage of complementary colors, their
mingling and their opposition, the mysterious vibration of
kindred tones.(Stone & Stone, 1995)

=3t > Alan Wells 7 H[“chﬁLlqu f#jﬂjﬁ'&%? c‘-‘l%Hlﬁfﬁﬁ - Y

i ‘FF“]E}%JI'%F U FHEE C RS TR A E RS T DI GRRY TH Wﬁ‘%\'

2-11 5r=. o
VIOLET RED RED- c
- ORANGE B
RED C SHARP
B FLET D
VIOLET ORANGE
BLUE- ORANGE-
VIOLET YELLOW A E FLET
BLUE YELLOW AFLAT E
GREEN- YELLOW- G F
BLUE GREEN  GREEN F SHARP

il 2-11 @) FT 2 T (1 Wells, 1980)

7}3“4“‘?]?%@”, T % TM« Frossh Pl Garner%ﬁfﬁjt[' ) e
z_@m;cgmg%%?g[ P IO 1 (Garner, 1978) o (R0 Rk RLAL AL
SN EJrT“ET.H/ % > F|27FFT] " God Save the Queen | lﬁF[EII—J
2RISR, (IF - P> Wi T God Save the Queen | [ HI
Sl 12 @T[ﬁjﬁ@ﬁh?ﬁi@ﬁj% ’lﬁ TRLTE A Vi RE Upﬁﬁ"f&ﬂg—d ,

28



= SRR PR Rpig 12 TR IRl s e AR e
Pl Ao PEE ] IS PO Iy e SRy P g SRS, R
A g 12 P [IRRIEFOGE AT LR IS 1A agp i i
ﬁ‘ﬁ*i[a‘f,& G—G—A—F#—-G—A > [ HIEPER 1 7)) rﬁﬂ%ﬁe&—
Frb— i — A R R PRI RS G A RPEE D
*Ej‘:f I EJEI%FTJI’”}HQ@E% — R — F[—Eﬁa\ =R TR

260

240

220

200}

180

Light frequency

160} « DE

140
o C#

120 1 1 1 1 1 1
120 140 160 180 200 220 240 260

Sound frequency ( vibrations/s )

[ 2-12 Garner fi9 5-1%?% ﬁﬂfﬁ?}ﬁ’ﬁgﬁl{ (d¥f1 Garner, 1978 )

E*?ﬁE'H PR AR At o I (BT Garner ERARYH AT

S 5 T R e R R [ -

=

9+ PR B Y BBy G125 % R

PRSP @ Ry B < 1 8 R R (ERL e Y A e
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aﬁ.‘i ; ”7;, s ,*j:g E&FI@WE{?} ‘»FIE&},EJﬁéﬁ HJH[ , BF}\“-* ,Jr;ﬁj £1A7s rﬁ?fl e
AR T COSRE MR I R (R IR R

CESR I D)3 PR OB RL (P R

Pridmore [IRLES + S == 7ty i [T RS SRV R - PP
RS EFJEW%%(%FJ‘} (P BB PSR F RS (o PR = 5
S e T R P e IR EP R AR TS [
ol Tt 1 85 g R e ORI ISR = P93 e po - (sonic
energy )E"?E‘,%?Fﬁﬁi (radiant energy)gﬂ Ut | o [l — Jﬁ (amplitude )
“ylR (wavelength) -« Jffb ga«fyﬁlrﬁggvé? <R AT
TIFIFS P55 IR T RRAS T TIPSR o 9% > [ e

FfUpE- ’FE'FTJIHM S HRGELHI = LB o S 2R L it
f= SREIY B S AHRL > [ SRR BRI R 5T (octave cycle)
Tl BEIRRE P e e BRI AR T - (R R B PRV T
EUI] > JIR0AFISARED 2 £ (L FTURIRRL Do s i < oARRLE o e gl 20
ARV I o VAR -l (R R TATE) 9 210 R e e

R R LY R

1. i RS O 0 fefion]ss L - (ALY
DR e PIRT R PPt FIJE«LE*J Fi S80I R A R Pk R

o'
Ef ) IﬂjjﬁiF ﬁ?’fu_ﬁ[ 230 E%jn ILJ?T © PQLFLA{-'[Q/&;I/ F'EEJF[SHEL’:‘{ ™ %‘:‘\L"ﬁﬂéﬁfj
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frlyls
-
!

2. SR I S 2 A B o (E5 FIRALY e o8 o

5% IRk LAEE F‘ﬁFﬁ PR PUEREE -

AbPA BPB C DPD EPE F GPG

- N Wk~ OO

qgﬂl 2-13 J*;[ﬁﬁ@f%%ﬁﬁqpf@(ﬁ;*&;&‘ (d5F1 Pridmore, 1992)

F s Pridmore fiv F U R LG s~ ’F'@?‘ Sl AL NI TESTRIES
4 Elﬂﬁl%’%é“@ﬁ? Eﬁ'l?ﬁﬁ’?%?mffﬁj e /4 F"Eﬂﬂﬂ?ﬂ‘i%%% (7 T P

¢W‘cﬁl%§4§@§ﬂ G

11 AR I B
2. PP PSS W ) (semitone) U A -

3. IR A 7 R gl e

4. PIAFAPREPY AR 5 (RIS -

5. T eI 0B R PR T R (I 2-12)

6. (AEA=CIf fU 3% (L NRR - C kgl (2.997x108) - f

FeRAF ) foh (PSR S W R (IR C pudsR ig
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‘an

261.6Hz > iyl <t} 1,145,642m) » FIEiH[RI] 2 @ Z [

% P pLoA py AT [ ( Pridmore T Py T fL Sk E B RS £

440-620nm) - HEF|H ,*NJ:,LWJE" <RI F s

2.7.4 YRS P

e BT ) 2 W O RLA 05 e T R G TR
FRIERPERY It - PR R (Wilhelm Wundt, 1832-1920) g e R
=25 (Experimental Psychology ) I') & » ffi™] lﬁﬁdﬁ > IR

ESRE S A JEHEEAI%JJ(“J Fit U | © l%@% AL T:J ﬁ" [P

°I'] Sebba Frfit IVt [y 8 e = 2 48] UFTJI o I R
1. jFF[ ﬂclﬁfﬂf =S L RO - ) 2 F&ﬁ‘“ﬁ?@@g%ﬁ%

JLJ%«?DJF S st ’ﬁﬁjﬂ%ﬁ HAY S T ;6[;4;}*135&4[}%;?[1 i o
4 N R ﬁFT @ i * There are perceptually convincing
correspondences between colors and sounds based on shared

expressive equalities. ( Arnheim, 1986 )

2.

T R R Ry R SR I TR
DPUEARY et R 1 0 R TR BRI O A S
e PR BRI | RO e U T (R 6 52

BB 5 A L L R A
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3. - KT ﬁ%l% CRVRHE Y o - REEE R AEET ] Ay S
B HAL e T W) SRR PRI R RIEOAR S U
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3.6 R
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A S < e T T 30 BB T Y HSB YR 0 A 3.1

Nt

FIETE B 1 A5 e fR 'Efﬁ Pievh il 2= ([ E[Jﬁ 2 ShUERHEYR ) o R
BERVRUR ISR e 4 2 6 - PURER] SR PERPIRR 1

@ Hh Jf, FREEEL e M Hhpu el (Garner, 1978; Wells, 1980; Sebba, 1991;
Pridmore, 1992; Caivano, 1994) - [fijf=5g 4 fﬁ”%‘ﬂﬂﬁlzﬁl’ xjf[ﬁ‘jﬁ%ﬁ”ﬂﬂ
PRS2 ?ﬁfﬁ'iﬁ’ %‘n&igﬁiﬁﬁ'g Bl | e R AT EY - WL =
S SR TR RIS | @ < FETE R RIOSEES: (% 32 9]

ARG R o FI TR (ORI PO SRR R P e Y E T

% 3-1 BT 15 lﬂ%HlF[“ VR Vs G TRRRD

2% A 01 2l 02

H S B H S B H S B

HO 147 76 77 95 76 77 95 76 77
H1 17 72 60 19 83 64 30 93 58
H2 199 90 69 204 67 59 161 72 58
H3 278 97 48 265 73 47 241 77 51
H4 226 34 83 263 36 50 194 26 71
H5 96 89 78 73 77 07 75 79 80
H6 45 57 4D 25 52 47 34 82 59
H7 294 26 60 314 45 60 255 23 66
H8 23 87 99 26 81 093 6 77 99
HO 320 68 91 329 77 94 288 81 93
H10 251 37 47 268 41 45 185 34 41
H11 161 90 69 147 62 67 131 66 70
H12 82 85 05 74 84 97 52 91 89
H13 205 23 31 137 24 31 81 34 30
H14 150 50 51 129 44 48 83 44 49
H15 110 73 60 87 66 60 104 78 71
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SV HIPURREE S T 5T 1 O H T BT A R P I e ] I A

3-3 1 CEIITHEI R -

% 3-2 FT AT VR =Y c‘rﬁ%&w SRS ALY AR PEEE (Hm-Hn,
m=1~15, n=1~15) (%[71 TR

/)
2% ((
HO1-HO1 0 HO2-HO1 182 HO3-HO1 261 H15-HO1 93
HO1-HO2 -182 H02-HO02 0 HO3-H02 79 H15-H02 -89
HO1-HO03 -261 HO2-H03 -79 H03-HO3 0 H15-H03 -168
HO1-HO4 -209 HO2-HO4  -27 HO3-HO4 52 H15-HO4 -116
HO1-HOS  -79 HO2-HO5 103 HO3-HOS 182 H15-HOS 14
HO1-HO6  -28 HO2-H06 154 HO3-HO6 233 H15-H06 65
HO1-HO7 -277 HO2-HO7 -85 HO3-HO7  -16 H15-HO7 -184
HO1-HO8 -6 HO2-HO8 176 HO3-HO8 255 H15-HO8 87
HO1-HO9 -303 HO2-HOS 121 HO3-HO09 42 H15-H09 -210
HO1-H10 -234 HO2-H10  -52 HO3-H10 27 H15-H10 -141
HO1-H11 -144 HO2-H11 38 HO3-H11 117 H15-H11 -51
HO1-H12  -65 HO2-H12 117 HO3-H12 196 H15-H12 28
HO1-H13 -188 HO2-H13 -6 HO3-H13 73 H15-H13 95
HO1-H14  -133 HO2-H14 49 HO3-H14 128 H15-H14 40
HO1-H15 93 HO2-H15 89 HO3-H15 168 // H15-H15 0

F 3-3 SV AT R BT 1 AU EH AR EL"IirFaLHIFj AR AT BEEE (Hm'-HN',
=1~15, n'=1~15) (f? SRR

/)
2HH 01 ((
HO1-HO1 0 H02-HO1 185 HO3-HO1 246 H15-HO1 93
HO1-H02 -185 H02-HO2 0 HO3-HO2 61 H15-H02 -89
HO1-H03 -246 H02-HO03 61 HO3-HO03 0 H15-HO3 -168
HO1-HO4 -244 H02-H04  -59 HO3-HO4 2 H15-HO4 -116
HO1-HO5 54 H02-HO5 131 HO3-HO5 192 H15-HO5 14
HO1-HO6 6 H02-HO6 179 HO3-HO6 240 H15-HO6 65
HO1-HO7 -295 H02-HO7 -110 HO3-HOY 49 H15-HO7 -184
HO1-HO8 -7 H02-HO8 178 HO3-HO8 239 H15-HO8 a7
HO1-H09 -310 H02-HO09 -125 HO3-H09  -64 H15-HO9 210
HO1-H10 -249 H02-H10 64 HO3-H10 -3 H15-H10 -141
HO1-H11 -128 HO2-H11 57 HO3-H11 118 H15-H11 51
HO1-H12 -55 HO02-H12 130 HO3-H12 191 H15-H12 28
HO1-H13 -118 HO2-H13 67 HO3-H13 128 H15-H13 95
HO1-H14 -110 HO2-H14 75 HO3-H14 136 H15-H14 -40
HO1-H15 68 HO2-H15 117 HO3-H15 178 // H15-H15 0
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SIE PRBHERR]

4.1 df R PN AT

A FYTE SR R O ORI e b AR EESE BT T L (I 3-7) )

BRI 0 TR ST AU BT RS RS E IR R AR BT g

A 41 R CATEREEE BT SOV SR A

g 01 i 02 thf 03 i 04 i 05
Figal Hal FHAW B4 FHAM 55t FH2W 5sl FaoW 55
K300 05 02% 137 65% 189 9.0% 242 11.5% 0.7 03%
300 01 01% 1.7 08% 23 11% 25 12% 09 04%
280 01 0.1% 1.2  06% 22 10% 27 1.3% 09 04%
260 05 02% 1.7 08% 18 09% 21 1.0% 12 06%
240 01 0.1% 15 0.7% 24 12% 21 1.0% 12 06%
220 05 02% 19 09% 18 08% 20 1.0% 1.3  06%
200 09 04% 20 1.0% 23 1.1% 24 12% 21 1.0%
180 0.7 03% 26 1.2% 25 12% 23 11% 29  14%
160 1.3  06% 26 12% 34 16% 25 12% 35 17T%
140 09 04% 39 19% 43 20% 25 12% 32 15%
120 09 04% 44  21% 37 1.8% 38 1.8% 39 19%
100 25 12% 56 27% 65 3.1% 49 23% 63 30%
80 52 25% 76 36% 71 34% 63 3.0% 59 28%
60 109 52% 110 52% 116 55% 100 47% 112  53%
40 211 10.0% 147 T0% 121 57% 146 T7.0% 158 7.5%
20 435 207% 287 137% 212 101% 209 10.0% 37 165%
0 35 1.0% 16 0.8% 16 08% 16 0.8% 28 1.3%
-20 575 274% 2719 13.3% 223 106% 206 98% 392 187%
-40 313 149% 143 6.8% 138 686% 156 T74% 25 10.7%
-60 147  T70% 107 51% 108 51% 114 54% 124 59%
-80 56 27% 74  35% 7.7 37% 77 30% 86 41%
-100 1.6 08% 63 3.0% 59 28% 44  21% 62 3.0%
-120 1.6 0.8% 51 24% 43 21% 34 16% 54 26%
-140 1.0 05% g  1.8% 38  1.8% 21 1.0% 40  1.9%
-160 1.0 05% 28 1.3% 30 14% 20 1.0% 43  20%
-180 08 04% 24 11% 23 11% 15 0.7% 29  14%
-200 0.7 03% 14 0.7% 22 1.0% 19 0.9% 26  12%
-220 01 01% 22 1.0% 1.7 08% 10 05% 1.9 09%
-240 03 0.1% 15 0.7% 22 11% 16 0.7% 09 04%
-260 04 02% 16 08% 18 09% 16 0.8% 04 02%
-280 03 0.1% 1.2  06% 19 09% 18 0.9% 0.1 0.0%
-300 01  00% 15 07% 20 09% 23 11% 01 0.0%
54-300 00 00% 136  65% 18.7 89% 235 112% 0.0 00%
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0 - 40 74.7% 41.5% 33.8% 35.0% 54.8%
300<py <-300 0.2% 13.0% 17.9% 22.7% 0.3%
260<pY <-260 0.5% 15.7% 21.9% 27.2% 1.3%
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