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section (Latin: sectio aurea) or golden mean.

The golden ratio is also called the golden

Other names include extreme and mean ratio,
medial section, divine proportion, divine
section (Latin: sectio divina), golden proportion,
golden cut, golden number, and mean of
Phidias.

In mathematics and the arts, two
quantities are in the golden ratio if the ratio of
the sum of the quantities to the larger quantity
is equal to the ratio of the larger quantity to the
smaller one.

Many 20th century artists and architects
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have proportioned their works to approximate
the golden ratio—especially in the form of
the golden rectangle, in which the ratio of the
longer side to the shorter is the golden ratio—
believing this proportion to be aesthetically
pleasing. Mathematicians since Euclid have

studied the properties of the golden ratio,

including its appearance in the dimensions of

a reqular pentagon and in a golden rectangle,

which can be cut into a square and a smaller

rectangle with the same aspect ratio. The

golden ratio has also been used to analyze the
proportions of natural objects as well as man-
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made systems, such as financial markets.

4 History
i)

The golden ratio has fascinated Western intellectuals of diverse interests for at
least 2,400 years. According to Mario Livio:

BENENETERSIEANFEELEZL 2400 F7T, BER - FHERYIS .

Some of the greatest mathematical minds of all ages, from Pythagoras and
Euclid in ancient Greece, through the medieval Italian mathematician Leonardo
Pisa and the Renaissance astronomer Johannes Kepler, to present-day scientific
figures such as Oxford physicist Roger Penrose, have spent endless hours over
this simple ratio and its properties. But the fascination with the golden ratio is
not confined just to mathematicians. Biologists, artists, musicians, historians,
architects, psychologists, and even mystics have pondered and debated the
basis of its ubiquity and appeal. In fact, it is probably fair to say that the golden

mathematics.
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ratio has inspired thinkers of all disciplines like no other number in the history of b
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Ancient Greek mathematicians first studied what we now call the golden
ratio because of its frequent appearance in geometry. The division of a line into
"extreme and mean ratio" (the golden section) is important in the geometry of
regular pentagrams and pentagons. The Greeks usually attributed discovery of
this concept to Pythagoras or his followers. The regular pentagram, which has a
regular pentagon inscribed within it, was the Pythagoreans' symbol.
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Euclid's Elements (Greek: Zroixela) provides the first known written definition
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of what is now called the golden ratio: "A straight line is said to have been cutin
extreme and mean ratio when, as the whole line is to the greater segment, so is
the greater to the less." Euclid explains a construction for cutting (sectioning) a
line "in extreme and mean ratio", i.e. the golden ratio. Throughout the Elements,
several propositions (theorems in modern terminology) and their proofs employ
the golden ratio. Some of these propositions show that the golden ratio is an
irrational number,

BRJLBBRIE (FAEE: Togeld) B—RUBEMBREXT HARRARNKZ HE
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The name "extreme and mean ratio" was the principal term used from the 3rd
century BC until about the 18th century.

MATTHET 3 HEE 18 FER “HKREL” XPEF,

The modern history of the golden ratio started with Luca Pacioli's De Divina
Proportion of 1509, which captured the imagination of artists, architects, scientists,
and mystics with the properties, mathematical and otherwise, of the golden ratio.

MREMBESLLHIM 1509 FAF - EFRENEMILAILTS, B0 FINEFETSE
HMRTZARR. ERIB. BERWHBEXFEHER 1.

Michael Maestlin, first to publish a decimal approximation of the golden ratio,
in 1597.

BIR « BETHRTE 1597 £ AF T BE2 FIRNEUEIME,

The first known approximation of the (inverse) golden ratio by a decimal
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fraction, stated as "about 0.6180340" was written in 1597 by Michael Maestlin of
the University of Tlbingen in a letter to his former student Johannes Kepler.

HEH (FE) F-AEMNECVNRE, REHS 249061803407 , 7 1597 FAA
RAFIERR « SEEMEMSSMMFIN —RFENRRLT - ALEHNELS T XM EIE.

Since the twentieth century, the golden ratio has been represented by the
Greek letter ® or ¢ (phi, after Phidias, a sculptor who is said to have employed
it) or less commonly by T (tau, the first letter of the ancient Greek root rouj—
meaning cut).

“HHENK, FEOE-—MRAFETE o N ¢ kK7 (phi, ERERFEBETHEH
FERAXNFRFURARESDIZE ) AEFFNEAFE 1« k&r (tau, B—NEFHE
R Toui——HER ) .

§ Aesthetics
x¥

De Divina Proportione, a three-volume work by Luca Pacioli, was published
in 1509. Pacioli, a Franciscan friar, was known mostly as a mathematician, but he
was also trained and keenly interested in art. De Divina Proportion explored the
mathematics of the golden ratio. Though it is often said that Pacioli advocated the
golden ratio's application to yield pleasing, harmonious proportions, Livio points
out that the interpretation has been traced to an error in 1799, and that Pacioli
actually advocated the Vitruvian system of rational proportions.
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Industrial Design
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Some sources claim that the golden ratio is commonly used in everyday
design, for example in the shapes of postcards, playing cards, posters, wide-screen
televisions, photographs, and light switch plates.
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Music
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Ernd Lendvai analyzes Béla Bartok's works as being based on two opposing
systems, that of the golden ratio and the acoustic scale, though other music
scholars reject that analysis. In Bartok's music for Strings, Percussion and Celesta,
the xylophone progression occurs at the intervals 1:2:3:5:8:5:3:2:1. French
composer Erik Satie used the golden ratio in several of his pieces, including
Sonneries de la Rose+Croix. The golden ratio is also apparent in the organization

of the sections in the music of Debussy's Reflets dans I'eau (Reflections in Water),

in which "the sequence of keys is marked out by the intervals 34,21, 13 and 8, and

the main climax sits at the phi position."

RIELRE - ZEIEWD, Btk - MUNERIETRMERNERS: RS EIMSE
BRE, FMEEANSRFEREXMDNER. AERRNZE. fTEHK. WAZEREH,
AREEPL 1:2:3:5:8:5:3:2:1 IFEMEREILHIEI, EEEMRKERT * FBEMOJLEIERRER
RATRENE, Hhstem 7T hORS CRERRMN+FRNMHE) . BEEEEEHRRE
REAER (KPER) ENRENARDRXATEES ), XEERMNBETOFIIERE
X 34,21,13 7 8 FRiRHREY, EREHERME phi (0 ) XMIB L,

The musicologist Roy Howat has observed that the formal boundaries of La

Mer correspond exactly to the golden section. Trezise finds the intrinsic evidence
"remarkable”, but cautions that no written or reported evidence suggests that
Debussy consciously sought such proportions.

BRRFF - ERFUELIN (KE) LKEBEWMHNAREFNESS)IZEYE. FEFT
AT “AFE” NAEIHE, ERUBIFRFITEEMIEUIREER LIMIEER
FPEEAREBRIRMET RXALLA .

Pearl Drums positions the air vents on its Masters Premium models based
on the golden ratio. The company claims that this arrangement improves bass
response and has applied for a patent on this innovation.

DHEHNE DN EMREBUR T DS REER, X MEREETESDE. 1%
PEERR, XMRITHE T RERWE, XHEENRITE RIEEH.

Though Heinz Bohlen proposed the non-octave-repeating 833 cents scale
based on combination tones, the tuning features relations based on the golden
ratio. As a musical interval the ratio 1.618...is 833.090... cents.

REBRTERRY TETAHSEBRNIESE/N\ESM 833 RFFL, EEXMEHAEN
BRZEMXRAZETRENE. EX—ME%E, tth 1.618----3kx 833.090- - 4o
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4 Nature
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Adolf Zeising, whose main interests were mathematics and philosophy,
found the golden ratio expressed in the arrangement of branches along the
stems of plants and of veins in leaves. He extended his research to the skeletons
of animals and the branchings of their veins and nerves, to the proportions of
chemical compounds and the geometry of crystals, even to the use of proportion
in artistic endeavors. In these phenomena he saw the golden ratio operating as
a universal law. In connection with his scheme for golden-ratio-based human
body proportions, Zeising wrote in 1854 of a universal law "in which is contained
the ground-principle of all formative striving for beauty and completeness in the
realms of both nature and art, and which permeates, as a paramount spiritual
ideal, all structures, forms and proportions, whether cosmic or individual, organic
or inorganic, acoustic or optical; which finds its fullest realization, however, in the
human form."

FIEX - AFK, MHETENBZHFNER, BAIEMNRE. ENHHNESEERRINE
R ERAIIN . MRGHRNARY R ARDIOERNENOEENRE, REHRARLEY
BILLBI AR REILATCRAL S, EEZHBRENIINATIA, AXERFRHMBEIE
ENENFEAR—NERNME, L& 7T HETHREDFNMAGLLENTUN, 1854 FARKRE
HH—BXEFET P ERME “EEARMZARAEEET ERERRUNMRESR,
WRRMTEMERBERTEMER. BANMLLG R, TRRFEFFEARATFENEZAN
89, BVRNEE LN, it ERNTERAR LR, —ETREAZRERTOHRALRA,
REHZUEFALBFENRIATIRENR, ”

In 2010, the journal Science reported that the golden ratio is present at the
atomic scale in the magnetic resonance of spins in cobalt niobate crystals.

2010 5, {R%) HELIRE, B0 FETURT RENBLIROEENRRE
mikE,

Several researchers have proposed connections between the golden ratio and

human genome DNA. b

—ERRECIREGES DB RALERFLE DNA BRFEXR,
However, some have argued that many of the apparent manifestations of §

the golden mean in nature, especially in regard to animal dimensions, are in fact ;4

fictitious. =
R, —ENAABARARPEENTZHRENESSE, LEHEXTIMRTHES,

KR EEERE.
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® divine [di'vam] adj. #EHY; FEFLAY; RIGEY; REFEY
® mathematics [maOs ' matks] n. £%; ¥z E

® proportion [prou'pafon] vt R ELHI; (Fir; 4
® dimension [dr'menfon] #. 4; R~F; Xit; B
@ ubiquity [jubikwott] n. HIRBF7E; F4FFHE

® pentagon ['pentogon] n. FL B

® proposition [propa'zifon] n. frak; IEWL; WA
@ irrational [rrzfonol| n. TTIEEL

® decimal ['desmmol] ad. /NETRS; +HAIAS

® keenly [kinlr] adv. §15it; sBZUH; $iFH

® harmonious [har'mounjos] adj. FNEH], FNEERT
® postcard [ poustka:d] n. BAIEA

® progression [prou'grefon] n. BIEE; L

® musicologist [mjuzr'kolodzist] n. TRZEE, FRERR
® consciously ['konfosli] adv. B ; B &R

@® innovation [mou'verfon] n. BIET, FHT; &

® skeleton ['skeliten] 7. B28, BES; NE; SEMLEMNA
® permeate ['psimrert] vi. 3738; BA; 8h

® crystal [kristol] n. &, R K&; KIS
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1. Mathematicians since Euclid have studied the properties of the
golden ratio, including its appearance in the dimensions of a regular
pentagon and in a golden rectangle, which can be cut into a square and a
smaller rectangle with the same aspect ratio.

XHH cut into FLBHR—NEERE, EXHE VIR, B B MEE,
Eb4n. Cut potatoes into dice. IELEEELIAU N, B B, IZFBEHREFRIE “TIN, BN,
WA H9ER, tbin: He cut his name into the bark with his knife. /N JJIEE Y
BFAEWRE L, thsh, ZERER “fHEE, T B MR aREET BEE,
Eb#n. She cutinto our conversation several times. # J1RFTBrE A 1E9%IE

BHiE: RLEEBIMROBEERNBAARTEZESPENEN. HPBHFEERA
EH—ANESLHIEEHRT, INESLFIER LIRS BIR— N EAFEN— 18
INRYEERE, TS Bl RB/MIBEFAKELLthE RS DLt
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2. The golden ratio is also apparent in the organization of the sections
in the music of Debussy's Reflets dans I'eau (Reflections in Water), in
which "the sequence of keys is marked out by the intervals 34,21, 13 and 8,
and the main climax sits at the phi position."”

XHE) mark out EFER—ANEEER, EXFE “‘HlEd, AL HER,
EbZn: The directions of urban development have been marked out. I & EBHIF X!
EFRELRT , ZBERER “BLALSTREE; R, A%, ¥E 88, . |
marked out an item in the list. EMEB ERIET —PIRB ., B, ZBEE B THED
BAF, SMAfor as EM, ®IE “BHhiEE, BR, A€, A" NER, .
One of the graduate entry has been marked out as “likely to succeed” . IREHIHR
ERFE-—PASFERERA “TEMAIHA” .

BiE: BEEAEERREZANIE (KPERE Y SMRENAROIXATES
AE, XEERNATHFIEREL 34,21,13 71 8 #RRE K, ENESHIERE
phi ( ® ) XPMIE L,
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H3|HE#”) states that every point mass in the

Newton's law of universal gravitation ( &

universe attracts every other point mass with a
force that is directly proportional to the product
of their masses and inversely proportional to the
square of the distance between them. (Separately
it was shown that large spherically symmetrical
masses attract and are attracted as if all their
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