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The Acoustical Characteristics of the Hae-keum
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ABSTRACT

I rder 1o investigate the aconstical characteristics of the Hae keum (Korean traditional musical instrument) (one
quakity, the spectrum and wave form of Hae keum sounds were analvzed by the FFT Analyzer, The analysis was
carried out by the varving of the tension of Hae-keum strings, the positionis of bridge aud the lop plate’s thickness
of Hae keum respectively., According to the cxperiment, the following results are obtamed : the over tone's amplitude
nearby the top plate resonance frequency is greater than the fundamental tone’s amplitude because the top plate
resonance frequency is highcr than the fundarnental tone’s frequency. Tone qualities are better when the bridge is
situated in the middle of top plate and the tension of strings i larger. The inharmonicity coefficient of the Hae-keu-
m's second string is 0049 cents/ n?, The brilliance and richness is poor, because we seldorn found the over tone over
6kHz and the inharmonicity of the Hae-keum is greater than that of a violin, Also we confirtned that we are abie to

got the best tone quality in 4.5um thickness of the Hae keum's top plate,
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2-1 @ string tenswon is high, bridge 18 situated i the moddle position of top plate and input sound’s fundamental

frequency is 243.75Hz.

frequency is 243.75Hz.

2 2 string tension is high, bridge is sitvatedd in the upper position of top plate and input sound’s fundamental

23 string tension is low, bndge 1 stuated 1n the muddle position of top plate and input sound’s fundarnental

frequency is 293.75Hz.

2 | ostring tension 15 low, brides is sitnated in the upper position of top plate and nput sound’s fundamental

frequency s 325.00Hz.
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33 1512 50Hz)

30 (550.00H2)

i, Poshaty & f, shift « {, shift « f. sheft o
3 G5 ) ‘626Hz TG 0 Hz u TTW TRz e T
(,25Hz Tt G25HZ 0,820 1 Hz 0 O Hz o
| 1250tz ool 12.50Hz -0.hi2 0 Hz 0 0 Hz 0
i 12.50Hz 0308 25.00Hz (.76 6.25Hz  0.168 4] Hz 0
i 125082 0178 S500Hz 006  Hez 0 8.25Hz  0.091
7 1873Hz (16K 3125Hz -0.322 " Hz 0 1250Hz 0215
» - - S3750Hz  0.259 6,25Hz (042 - -
i - - 1375Hz 0212 t.20Hz 042y - -
1t - 37507 0155 - - - -

w

33

31

frequency is JE2.50Hz,

frequency is 487 A0Hz,

frequency 1s R50.00Hz,

-1 @ string tension is high, bridge is eituated in the middle position of top plate and input sound’s fundamental
32 string tension s high, bridge 15 situated in the upper position of top plate and input sound’s fundamental
sstring tension s low, bridge s situated in the middle position of top plate and mput sound’s fundamenta!

frequency is 512.50Hz |
string tension Is low, bridge is situated in the upper position of top plate and input sound’s fundamental

Table 4. Frequency shifts and inharmonmcity coefficient al{vents/n’) of ae-keum Ist string tone's partials, in the

low finger position,

muode |1 (218 7THHz

1-2 (21256Hz)

1-3 {206.25H)

4-4 (187.50Hz)

4-5 (187.50Hz}

no, {shilt a f, shift w {, shift « f. shift a f. shift «
oStz w2 TG Hz 0 "0 Hz 0 0 Hz 0 628Hz 7152
300 Hz o 0 Hz 0 6.25Hz -1.933 6.25Hz 2,149 -1250Hz -4.228
I 0 Hz 0 O Hz 0 -6.25Hz -0.816 6.26Hz 0,905 -1250Hz -1.788
5620z ouT A8.7HHz -1.211 6.26Hz -0.418 6.28Hz 0463 -12.50Gz -0.917
i R20Hz 0230 OHz 0 -6.25Hz -0.242 1250Hz  0.537 -18.75Hz -0.796
T 626Hz 0115 6200z 0149 -6.25Hz -0.152 18.70Hz  0.508 -18.75Hz -0.501
g 620Hz  ufxy 31.25Hz (492 1250Hz 0204 1250Hz 0227 -25.00Hz -0.447
4 6256Hz 0068 -37.50Hz 0415 -6.25Hz -0.072 12.50Hz  0.159 -25.00Hz -0.314
W 626Hz 0049 -1375Hz -0.352 -1250Hz D105 18.75Hz 0.174 -31.25Hz -0.286
1-1 : top plate 15 unshaved, it's thickness is 5,0mm and input sound’s fundamental frequency is 218.75Hz.
4-2 : top plate 1s shaved, it's thickness is 5.0rmm and input sound’s fundamental frequency is 212.50Hz.
4-3 1 top plate 1s shaved, it's thickness is 4.5tmun and input sound’s fundamental frequency is 206.25Hz.
4-4 : top plate s shaved, 1t’s thickness 1s 3.8mm and input sound's fundamental frequency is 187.50Hz,
1-5 : top plate i1s shaved, it's thickness 15 3.0mm and input sound’s fundamental frequency is 187.50Hz2.

Table 5. Frequency shifts and inharmonicity coefficient aicents/n*) of Hae-keum 2nd string tone's partials, in the

high finger position.

mode 5-1 {(437,50Hz)
no, . oshift o
|2 G25Hz 3102
3 6.20Hz 0918
14 $26Hz 0387
N 1250Hz 0.397
6§ 25.00Hz 0460
Hz 0
b 0 Hz 0
9 -625Hz 0.0
10 G.25Hz  00es

5-
f.

2 {475.00H2)

shift a

0 Hz 0
0 Hz 0

O Hz 0
620Hz 0183
(250Hz 0211
-25.00Hz -.265
31.25Hz  (.222
-12.50Hz -Q462
-1250Hz 0046

5-3 (425.00Hz)
f. shift a
¢ Hz 0
0 Hz 0
6.25Hz  0.398
0 Hz ¢
1250Hz  0.236
-6.20Hz 0.074
6.25Hz  QUMy
I875Hz 0105
18.75Hz 0076

5-4 (425.00Hz)

5-5 (425.00Hz)

f. shift « f, shift «

T 5250z 3170 6.25Hz 3.164
-12.50Hz -1.876 6.25Hz  0.945
-1250Hz -0.793 1250Hz  0.799
-12.50Hz -0.406 12.50Hz 0409
-25.00Hz -0.469 6.25Hz 0.119
-31.26Hz -0.370 18.75Hz 0.223
-3125Hz -0.248 37.650Hz 03060
-31.25Hz -0.174 37.50Hz 0210
-37.650Hz -(.152 32%Hz 0128
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51 top plate s unshaved, ot thickness is S0mm and input sound’s fundamental frequency is 437.50Hz.
5-7 1 top vlate is shaved, it's thackness s 5.0mum and nput sound's fundamental freguency 1R 475.00Hz,
S tay plate woshaven, ote crckness s LI adad nput ssind e Saadionentat froyg sl 425 0OHz

B R Y L % S IR

s JOR0Hz.
und= tundarpental trogoeiny s 258Kz,

Larenta’ to

ERveel AT

1 g
5-9 i top plate

s shaved, s LLCRNCSs 1 T Ging 1t 30

Table 6. Frequency shits and trbtarmonicity coeffcient aicents - o0b of Hlae-keusi 11 ~tnng tene's partisls, in the
high finger pesition,

mode i3-1 {281.25Hz) 62 ek 25HZ R AR 13 G4 (26250Hzt i O {243.75Hz]
ne, [ oshift a { shift « shiflt L oshift o f. ahtft o
TYS0HZ 9Tt w0 HZ oo TThasHz 1A7e T woshe Tsaws T A25Hz 5.083
3 Inmoile 1321 honkz L0 “hanllz 1339 (.25Hz 1632 5.26Hz 1651
1 AL23H: 3047 (R PR X)) 1250Hz 1115 G25Hz 0646 1250Hz  1.396
3 A1e2sHz booe [l R R PRI yooils 0BT 12.50H2 1663 1250Hz 0714
6 21250z 088 1250 2 0,357 .00 2003 6,25H2 (1191 25.00Hz 0829
TOG250H,  LLau 600y s SS00Hz 0427 aroeniiz 0606 18.73Hz  0.390
LI Y1 | SR I Ik sy agh A1z 0357 25.00Hz 10321 A1.25Hz 01437
e iz 0 N F 't PR SRS B 13.75Hz 0351 1250Hz 0113 37.30Hz 11369
. 1N Tha i et 0 Hz a SKiHz 0,243 3T.00Hz 1214 12.50Hz  g.08Y

g o plate e

<t mpnt sound’s fundamental {requency s 281.26Hz,
A ot sonad’s Tundamental frequency s 281.26Hz,
H et ouad's fundamental frogquency o 203.75Hz,
Gl op plate s vl AR} el e o s fundamenes trequency s 262.50Hz.
30 top plate i sboved, w0s thckness s 30min and e sound’s fundamental frequency s 243.70Hz,

6Dt plat -

*

Sup olat

Table 7. Fn apnnct st et etents 070 of Hae keum vnd stnng tone’s partusds, o the

low finger pesition

mode 7 1 i681.2 FoeLenH. T e il R EAET IR P AT BV
no, f.oshlt o« {, shilt a fowhsft e {, siifi o I, shuft &
» nHr # AR NV 6aHz G asHe 22 oblz o
3 [T E P IRVY s0HL 0638 6N nnos TN 3 AR WEaY) uHz
{ KOSt ERTAr 12 50Hz 0037 1200kt 0512 12.5Hs 0560 [P N VTS AT
3 2500Hz 1506 US00HZ 000 TRS PRTE B 1250z ulsy abls
b 250.00Hz 0243 3125 0308 1570 e 0228 18.75H7 23] a2hHz -onsy
7 56,2500z 041y 2.25H2 13,061 RAYUNIE PRI R U1 ool Ll A125Hs 0281
8 - - - - - - etz el -65Hz 003k
71 :top plawe i unshaved, it's thickness js 5.0mm and inpu sound’s fundamental frequerey s 681.25Hz,
7 v stop plate 1= shaved, Uz thickness s 5.0mm and input sound’s fundamental frequency s 631.20Hz.
T-3 swp olate s shaved, s thickness s L5mim Aned mput sound’s fundamental frequency is 662.50Hz,
T4 top plate is shaved, s Huckness s ARy arsd gt soand’s tundamettal trogquctioy i 60000z,
T octng pdate podbaved s Thichness s ik Gt send’ Fandaments) fregeeney s 562 50Hz.
2) RE®L| inharmonicity armoruerty Al et 550 00194 5 0F 513l violn
ol ooka 2, prano®] A §-3s b 13 ofiiic
W el oliHeol mharmonicity - (28] ol £l 80 g EEel Mgeatel nharmonicity Al 2] FLvl s
s, el wbd e 000udem Mol IS violinzk - Ae] o abek @ 4 eldh avdeh Ry
Mo5Hz ®el el 3L5em Mol e A5 W iotup e dlbody boll 2172084 Bl B e g

fl

B dvne Fem’ a8l BN 1250 Jemtel il it ed gk mpedanceo abe o 7l el 2t inhar-
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rwpnicity 2k ek A Xk Table L8 "Fundam-
et of mosical acoustics™ pal3e] ok d el violin
sUoned W g L LIOHzZ) o el IR ER fedh b
e 7o o)l dbed inharmonerty Al S5 4k sked
b 4 A AR R

Table 2.1- dke Table 3.& kLl inhannon-
iy ilamel (R i frequency shifis)S 7h 2
b g s godoll Sl ak s, HEE At AN
off gt xbgh sl @& glidryt Fekell gt gl
b1 B A - I T - ) Vi B e K R B
vhebst Aolel, Table | ~7. & Bt el 57t 94
29k Smm. FSE 7N Smm, L5mm, 3.8mm,
Aommeled el l5iE# f2® ) inharmonicity T
vhelgl oo 7 Table 4.4 a2l it e, Table
5.4 SEMBGE el digkel, Table 6% W@
ighof, Table 7.2 Wmia@hekeol ikl £elo
ab gk Alejot,
vichnelf ®lal] 2 zke| zru, o] A& ZEEol violinol
wlaf ggrel ubal kgl iqlel shulepar W AsIch

Table 4.0l 4 Table 7.4 #s1nvd A=z o2 Mtk

el mharmonicity = Table 1.9

o 7 45mm ¢ el inharmonicity # -2 v v}
R R F

armonicity 42 3tel %8 adye RE A4 F

FH 7 38mmel st Qe inh-
gheivk, %3 Table §.o] G-3(8&4#-F7 4.5mm, 42
gl nhar-

ol violind A Z3e o +

fHzyel A%4- Tablel. 2| violinst sz
monicity A 42!
elct,

v.d E

SEdat

o

| A@)2] inharmonicity 2l o+ (.04
93 s viohne] 0.0429F Aol & dtelvt BE T
inharmonicity"‘-ﬂ-'?-l—_'- violin®h ] itatod =t lwfd-of
wF Tl Hélshir aqlel Fich E¥FS MAR
{mam air resonance el peak+- MWR{main wood
resonance) 2] peakell u]al) cn ojodo] 7wl
ForT e el el N Holrkal Hr WA BF
Gel mEE vt Astsle slqlel gleh, w23 FioriT
(partials) 2 GkIzo] sbell 3= 7 2) WA szl ofgts-

1o] 4

Ul elefd e wldol EMel £ olef

.1_

CElel] SR ELE D B SR

mgEE i Chrilllance ) #1 B kM (richness ) of 4] o 2] 42
ege (violin ol ol wlo]glcli- 25 o 4= 2
o}, RERel g el skl Hol i R ig s
o} 2o b A& CEES hipEel Swel M
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