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The earl lest evidence of human concern For pltch and tuning

may be found in & Babylonian cunelform tabley housed In the
Unilversity of Pennsyrvania Museum(C. B. 5. 10988). This
tablet. which may bé dated approximately 1500 B. C. E.,
contains a set of instructions For tuning a2 |yre. The
directions Inform the playver te tune by rifths and thelr

Inversions{fourths). Thirds are also employed, perhaps to

check the fifths or fourthz already tuned. |t |Is tempting to
s
call this the First evidence of what will later be called
.-

Pythagorean tuning. but the treatisze could equally =mploy the
Just tuning s=ystem. The Writer was also concerned with pltch.

A central tone. simllar to the Greek mese |ls employed. Perhaps

It polnts to an approximate standard. H. Duchesne-Gulllemin

made thils Information avallable to the schelarly publ lc(Revue

de Musicologie, XLIX, pp. 3I=20).

Western tradlitlon has given credit to Pythagoras(c. 650 H. C.

E.) For the system assoclated with his name. However, Porphyry

stated that Pythagsoras had learned muslic from the daktylol

(dwarves. = Hittltes?). Various other classical authors made

eimilar attributions(lambl |chus, Dicgenes Laertlius, and
Yalerius Haximus). A list of parallels and simllarities
between anclent Greece and anclent Mesopotamia would engulf
this study, so It must be passed over. We wlil, however,
accept the potential of the Greeks learning musical concepts
from the East.

The Pythagorean system conslsts of the practice of tunlng
Instruments through perfect Fifths andsor Its Inverslon, a

fourth, The tuner tunes a standard pltch., then tunes up a

e o, A, e —
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FiIfth, down a Fourth, up a Fifth...eteg, Each interval is tuned I
5
perfectiy. without bgats. Beats, a Phenomenon of waves in the 1
|
alr. produced hy Pltches that are close but not ldentical ., are
L]
readlly identif|ed by the normal human ear. Pythagoras, or a

predecessor, equated the intervals obtalned With the mathemat|-

cal ratios af string lengths. Odo of Clunyi{c, 975) presented a

lueid explanation of this system({Strunk, Source Readings in?

Hugle Mistory). The traditlonal form may be Found in example |

l. The intervals, with catlos, and the equivalency Iin Ellis" | 3
| %
Cent system are gliven. : : J'
1
xampie | The Pythagorean Tuning System o M
Interval Ratia Cents 4
st 256,243 ag |6
Wt 9,8 204 ‘¥
m3 32/27 294 |
M3 81,64 408 '
P4 43 498 j-| |
+4 729,512 G112 |
-5 1024729 Sa8 W
PS ars2 702 5 A -
e 128,81 792 Yy
H& 27716 S06 i
m7 1&6-9 Q9§ ‘
HZ? 243/128 1110 -
octave 2,1 1200 '

The Pythagorean system may create severe musical problems.
Early ﬁhalcians descovered that tuning twelve perfect Fifths

did not yleld the same pltch as =even octaves. The dirfference

between the two has the ratio S31441-/524288(24 ceEnts].

This |Is

called the Pythagorean Comma It Is cleariy aud|ble.

Aristoxenos(c, 340 B. C. E.) observed that the FPyvthagorean

ratios did not produce secondary Intervals agreeable to the

ear. He Introduced a system that divided the octave |Into

seventy two equal parts. This approach has not been accepted,

THo

later writers, Didymos(c. 30 B, C. E.) and Ptolemy(c. 150

— W . A -
i



C. E.), tried to find a means of making ratios agree with the
AT 's response, Ptanmy's solutlen was to employ BUpErpar
-ticular ratios for*thirds(5/4 and 6-5]. while retalning Pytha-
gorean fifths and fourths. Major and minor thirds are tuned

perfectly. The resulting system |s usual Iy called the Just i

svstem, It ig |llustrated In example 11, 1
Example || The Just Tuning System
I
Interval Ratio Cents
gt LH-15(135/128) 112(92) i UL
Wt 9<B(I079) 204(18B2) & [
m3 655 316 I I
Ha 574 386 |
=F1 4,3 498 .
+4 45,32 590 :
-5 5445 610 E
PS A2 o4
mé& 8-s5 Bl4 i ! |
M6 5/3 BE4 25
m7 16/9(9-5) g9a(l018)
M7 15/,8(256-135) l0esli108)
octave 2.1 1200

Seconds and sevenths present two passlbllities depending, on
whether major or mlnor thirds are used for the basic tuning.
The Just system has problems similar toc those of the Pytha
—gorean system. Four miner thirds do not equal an octave. The
difference is sixty three cents. the Great Dlesis. HNelther do
three major thirds equal ar octave. The difference Is Forty

one cents., the Hinor Diesis. The need For a cholce betwean

major and minor thirds leaves some intervals in conflict.

The ancient Chinese alse showed concern for pltch and tuning
probiems. The legend of “huang chung”({standard pltch) explains
the constructlion of 2 sets of "jus"(pilpes) to show correct
pPltches. Although there are many dating problems with the "

tale. It may be as early as the fiIfth century B. C. E. Later

more concrete versions of the tale give results that resemble |
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ffthu Pythagorean s#stem- There is no certain means of

"ﬁ t

determining whether the Chinese developed the system |ndepen-

dently, or whether It represents a cultural transference Mrom

Hesopotamia(acculturation). Chinese court musicians alsa

developed Flve, seven., and nine note scale tunings during the

past two thousand vears,

S
The above systemsz are Focused on a seven-toned scale. In

-,
contrast. the pentatonic(five-toned) scale has played a strong

role In Chinese musle. Several elfforts have been made to

quantify It. Example Il |llustrates some of the results.

Example 111 Chinese Pentatonic Tunings In Cents
Scale Step | 2 = | 4 5 ] |
Ti-tsu ] 178 448 662 BBE 1200 e

Yang-chin @ RS 481  6&1  A7R 1209
&1 b - tau B 1G9 A&  PA2  &93 La0n
Other pentatonic tuninge may be found In Asia. The Bal |nase

Slendro. although much argued, probably consists of Flve Bteps

of 240 cents each. J. H. Kwabena Mketia has directed one to

gimllar practices In central and eastern Africa, but was care

=ful te notlice that the intervals may be approximate(The Husic
of Africa, pp. 115-117). That such equi-distant tunlngs appear
in both Indonesla and Africa has led A. H. Jones to hypothes |za |

that the |atter derived their xylophone tunings from the Foarmar

{Africa and lndenesia, Lelden, 1964).

Equi-distant tunings Introduce disturbing musical problems.
How may one tune such Intervals? How doess the human ear
respond to such Intervals? What aesthetic guides the cholca?

Can a syvetem be obtained that will allow soms degree of consls=




tency in a muulcil performance? The Fythagorean and Just
systems each prdvide |imited answers. As leng as the number of
pltches Is restricted, the ear may select some perfect

intervals as standards. An |nterval of 240 cents does nbt have

such a potential. The two nearest system intervals are the

Pythagorean whoie tone(zo4 cente), and the Pythagorean minor
third{(294 cents). Each#may be tuned as part of a series of

-
perfect, non-beating Intervals. It |= not possible to arrive

Wesztern musiclans of the past attempted to solve simllar
probleme by tempering intervals, making some notes elightiy out
of tune to help lessen a greater problem elsewhere, Franchino I
Gafor! mentloned the &light Flatting of fifrths In 1496 Pract ica

flusica). Some twenty years |ater Pletro Aron described a

procedure of perfect major thirds, slightly Flatted fifths. and
one pltchiD) arbltrariiy placed equil-distantiy(at the mean )

From “"correct." but unl lsetenable chejces. This mean-tone tem-

.

perament was employed, with numerous variations, For more than

threa centurles.

The origin and empicyment of equal temperament |ls much |less

certain. Chinese Prince Chu Tsal-vu used a complax segquence of

o
n
i
¥
|
i
L
at 240 cents in such a manner.
i
il
i
g
i
3
|
_
Equare roots and cube roots to equally distribute tweive tones
I | over an octave during the |ate s|xteenth century (Ly Hsush Hein E
| Shuo, 1584). A Flemish engineer, Simon Stevin(1548-1620),
. simplified Tsal-yu's mathematics to only one term, the twelth “‘
l root of tWwo. Joseph Meedham argued coherently that Stevin's

knowledge of Tsal-yu made his improvement possible(N/story of

Science and Civilization in China). The ear||est practical
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appl lcation of thF concept 12 not =elf evident. Giovann| Haria |
Lanfranco suggested tuning fifths Flat, and thirds as sharp as |
the ear can bear as early as 1533(Scintille de Musical. This

could approximate equal temperament, but predates the intro-

_'r:dh
e

ductlien of the concept. The modern tuner emplovs only one
Interval. the perfect fifth, or |ts Inversien the perfect
Fourth. The Pythagorear’ cycle of FiIFfths is tuned, with sach
Fifth being flattened™by two cents. Substituted Fourths are
sharpened by the same amount. Equal temperament in |ts
practical Form g thus a tempered version of the Fythagorean
system. It is uncertaln when this procedure was Frst

emploved, or by whom.

y
Equal temperament of twelve tones |s accompanlied by several FL
problems. The twelth root of two iz an irrational number.
Only the octave can be represented by a ratio(2,1), " Nothlng
else |z exactly In tune. It has been observed that egua | |ﬁ:

temperament consclously opposes normal responses of the hiuman
ear. Similar problems exlist when the octave s divided lnto

five equal parts.

Robert Ellls teld of a conversation With an ambassador From |§
Thalland who described an equal temperament of seven steps used |
In his homeland. Erich von Hornbostel, Curt Sachs and others

accepted thils description, (f with some diffidence. Sache

described the baszic Thal Interval as being between 171 and 172
cents{History of Husical Instruments). The exact flgure may be
calculated as 171 .42857... cents. David Horton, In hig study
of Thal music. accepted the seven step equal scale with

apparent reluctance. HKwabena Nketla does mention the pressnce




' .
"

of approximately equal seven step patterns inp AfricalMusic or L

Africa, p. llii.r

An equi-distant tuning eof seven EiEps presents the same

|
problems as those of Five or tuelve steps. The basic Intervai

ig Irrational and dees hot match any ratio From gither system. E
There |s no seeming means of creating such a temperament From
any chosen simpile ratio. The Mahido| University tuning project |
was developed as an effort to determine Whether solutions exist
Lo such problems. The Craduate Schaol and the Musijc Department
of Mahidel University set ocut to address the |ssues.

A research team comprised of three Ffaculty members formed the
core of the group. They were ass|sted by three muslclans From

the University starr. A Bet of guidelines was developed by the

reésearchers:

1. The traditional Pl Phat band and other Closely related
ensembles(Mahor| . FPhat Mon) would be the lfocus of the
Study

2. Emphasis would be placed on central Thalland,

3. An effort Would be made to dlscover undamaged, unmod]| -
fFled eariy Instruments .

4. Huseum Instruments would be examined, but emploved
cautiously due to the non-muslcal state of thelr
preservatlon,

5. lnstrument makers would be Interyiewed regarding thelr
Ideals, goals, techniques, sources or Information, and
Pltch =tandards.

&. Band |eaders and teachers would similarly be Inter-
¥ lewed ,

7. All portions of the study would be recorded. '

8. Recordings aof bands and Individuals would be made |In
thelr own rehearsal reoms so as to prevent Plteh changes
caused by moving Instruments.

4 Severa| Declelons were made regarding equlpment .
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1. Husicali recordings were made with & Sony TC=-DSH
cassette recorder, a portable,. but high qual ity machine. ]

: :

2. TDK meta| tape was used because of |tg exce| lent

I aver |l oad characteristics,

3. Radlo Shack 33-3010 directional, electret mlcrophones,
arranged In the Bluemlein pPattern, were emploved when
It was al]owad by the enyiranment .

4. Radio Shack 33-1070 omnidirect|onal microphones were
used In less Favorable acoustic ¢lrcumetances.

5. Pltch measurement Was done with a Korg HT-1200 tuner,
which allowed a hypothetical Thai equi-distant scale to

be set as a staffdard., This device |s accurate to $+/=
one cent.

6. Confirmation of Pltch measuremente and Epectrum analyses
done with an Alllsan Ip recording oscl | loscope attached
to an IEH compatible 488 computer.

At each site Interviews were firet compieted, Individual
Instruments then were recorded throughout their Compass, and
Flnally, works were Performed and recorded by bands or indlvi-
dual players. Each piteh on each Instrument Wam rEpElFed
several times and recorded throughout, This data was later

analyzed for pltch and timbre qualities., The results were then

tabulated, and are Included as part of this study as an

ﬁpPInFIH.

The pitch analyses were done by two researchers who connected
the tape recorder output directly to the Korg tuner, then read
the results from the meter on the tuner. Example V shows the

pltch names, cents per step. and the necessary ad justment In

cents to the tuner.

Example V Korg Tuner Settings i
Fltch C D D F G A Al c .
Cente 0 171 342 S14 6B5 857 j028 1200

L Cents AdJ. @ -29 442 414  -15  -43 428 0@

/-
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The piteh names may be cons|dered as arbltrary, although they

Were assigned to match the +-/- 50 cent ranges of the tuner. |

|
The stepg |n cents represent an equl-distant scale of 17] cents

each. The Korg tuner allows setting a pitech standard betwesn |

A = 390 hz and A = 470 h= In Incrementz of one he. Each ln:tru#

ment was First tested to discover jts best standard rr-qunnnr.!{

Only after this had been determined WeEre Intervallile MEASUre-

ments made. The standard Pltches are given |n the Appendix.

Table | lllustrates the Pltch standards that Here Found.
Mearly half of the Instruments(46) employed A = 425, Any

additional thirty one Instruments wWere within five hz of that

frequency. Tha remaining thirty Instruments show no

tendencies,. Thaij musliclans may ind It to thelr advantage to

hold a convention with the purpose of establ ishing a natlonal

I
pltch standard, PErhaps A = 425, The greater portabllity of ing+

This project had the Iintention of testing the hypothesis that

truments would be a convenience to aj| .

Thal traditional musiclans use a seven step equl-distant ncall.lt
Despite the fact that there |s no Thal theory of music or ;
tuning, the results show a3 remarkable |level of accuracy and
conslstency. Band number 30, which used a Korg tuner, simllar
to that of the project, was an exact match to the hypothetical
Iintervals,.

Two common discrepancies merit some attention., Forty of thme
Instruments examined had a slgnificantly low A. These wera
found almost equally distributed throughout the regions that ‘.
were studlied. Eleven Instruments placed A at B840 centa.

Another nine were 820 cents. The remaining twanty Instruments
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of this group were Placed somewhere between 795 cents and B47

cents. An additional eleven Instruments had the Pltch D tuned

low, usually at 140 centz, Al]

possible combinations af Intervais

containing these pltches were tested. The anly resul ts of

poesible interest are shown in
Example VI Variant Intervals

B20 - 514 = 30s cents

Example VI.

B40 - 342 = 498 cents
342 - 140 = 202 cents

840 - 140 = 700 cents

A B20 less 519 cents of F yields 306 cents, only ten cents away

from a Just minor third. A B840 less Dr 342 is 498 cents. the

Pythagorean perfect fourth. D# 342 minus D 140 |s 202 cents,
only two cents From efther the Pythagorean major second(204

cents), or the western equal major second(200 cents).

Subtracting the twe varlant Intervals, B840 - 140, wvields 700
cents, tWwo cents flatter than the Pythagorean perfect fIfth,
and an exact western equa| Pperfect Firth.

Another phenomencn that has been previously unnoticed |s that
a8 Thal equi-distant step of 171.42857 cents Is |ess than eleven
cents below the Just smal | whole tone(l10s9 ratio, 1B2 cents) .,
Thiz is approximately the same difference as the d | screpancy
from the Just minor third.

David Morton recognized the closeness of Thal fFourths and
FIfths(514 and &85 cents) to western and Pythagorean intervals
(The Traditional Music of Thailand) . Several solutlions have

been suggested For the Thal practice. Flirstly, these |ntervals

may represent an anclent Thal tradition that has largely been



lost. Secondiy, these Iintervals could represent a recent trend
toward the acceptance of perfect Intervals, Judged by the ear.
A third possibllity would be that Thal music |s being
inflltrated by western Practices that are weakening the

tradlitleon, There |5, unfortunatelyv, no historical data aval |-

able that would allow tracing past trends. Even quite old

Instruments in the present study, some were two hundred years
ald, showed traces of tuning which may have been recent.
Present day Thal musiclans are more concerned with the
cveral|l soundi{timbre) of the music than with exactitude orF
pltch. The overriding aesthetic |s ong of sound. This Is the

chlef determining Factor in all variants of this music, Thal

I
musiclans have developed no theory of Thal muslc. They do, ‘
however, place a premium on retalning and using traditional
melodies or tunes. They alsc retaln related basic rhythme. A ;
collection of Thal music, and a following analysis would
provide addlitional knowledge and Information related to this
wtudy of pltoh.

Despite the Interest or musiclans |n sound, many of the

Instruments that were examined would not produce a full range

of pitches. This Is a common problem with mallet Idiophones
(ranat, khong. xvlophone). |In a fFew |Instances Instruments ware
omltted from the study when they produced no digcernible tones,
only nolse(veri|fied with the escll loscope). Hany Instruments
had this railling for some plitches. Dashes, rather than cants,
Indicate this condition In the Appendix. There wWould seem to

be room For Tha! Instrument makers to Improve the averall

design and structure of some |nstruments,
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