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Vibration mechanism of the sound transmission of human ear
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Abstract: The research aims to demonstrate the vibration mechanism of the sound transmission of human ear. Theoretical research
methods are applied to demonstrate the functions of sound transmission of outer, middle, and inner ear. Herein the resonance
process in the outer ear is elaborated. The mechanism of the sound transmission of the malleus-incus complex in the middle ear
is illuminated initiatively. The frequency division function of basement membrane in the inner ear and the cause of travelling
wave on the basement membrane are comprehensively demonstrated for the first time. The concepts of resonance sensibility and
threshold sensibility are proposed. The essential basic knowledge of sound and vibration is combined with the new knowledge

acquired from the researches to provide a comprehensible, concise, and systematic elaboration of the vibration mechanism of

the sound transmission of human ear.
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Fig.1 Resonance curve of external auditory canal
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Fig.2 Structure of malleus—incus complex and tympanic membrane

2.2 E-RHBIEFIBIRD)

e B AP o T SR A, SR i u B 2 T SRR
B WA T EALRB BN AMUY N KRR Py o h
T AR e AR IR ey, — B
PR B BEAMIN Y FE 5 A 7 R P _E K SUE P,
T PARATS A R S AE P 0 RS Py SXFRESIMIN 5 P
[ SR 25 M 75 P XA 75 R SR A FH T Bl - 5
Ak A% Sl 5 , (5 HL 2 75 R 0 0 M FE . A8k
A M [T 25 S 2050, U] >0, 75 s 748 ) PN T M 4%
A Sl B A SE il 1] N 5 B 5 o SR AN TS 25 <
#,00 P<0, 75 R 348 101 SN M B Sl R A Sl )
AN o A AT Al AR AMIN T 45 Ao
S DA N - i B S s AR TR 2D R A 5% 4R 3 (B AR
ATRLUARTA] o K30 XX AR BB A G 4%
MARIE i BUE 1.2 3 34T o IR 7 B e
EFE B AT M R, i 5L DL RO AR Sl IR A E A 5%
YR8l , — 5 i 1A 5% 1t A IR T 7 FR R0 1M 6 45 4
5y 1a)— B, [RI2E G AR R 0, v 4545 s 2 1
K (B S nT i S )

.=RO (3)

A X (3) PR, il A 37 114 o7 70 L ] s 0 2 ok 1)
IR MK, PR AR o B A 45 4 DA it I W e
Koo AliE KA A L O iR iR e Ko R=uX, R=
OX,, 2R RS RZHEM 1.3:1, IR HE 20 (3)
AL L2 B R R 1.3:1,

{8 BI85 T KB O it 1) 7 41 Sl S s
it B s 22 X2 B0, A Bl B0 18 1 B O Bk 317, AT IR
J P ERA N L A5 T AU TR A A 5% e Bk 50 o

Z LB T 15 AN BN EL 5 28 HSE F Y R[]
—WR B A AR ME W TSR A o T TR 26 6]
B R IR AL 4 . AR A GB35 458k 1 000 Hz, T
JE 4 60 dB, A AR FE A S R A R R
J A (T O AR IR 56 R SRS ANEGE 28 S0 T 10
PRIF R 11.0 nmo FEH TSI K A R 75
Hoom AN HAE O oRsoRF 2 IR A R IF 2 e

11.0 nm K KVT 2, HE R H AR s E IR iR
45 2 — K (&R 7 B AR /N ks, N H-
SREEWT S, BT SR R MR AN Y, H s
BRSSP B AR R 20, B =X (3) AT e B A
Ui 5 vt (S AR 0 ) B IR i LU B Rl R AT A —
R o W T MR 25 5y A BN IR R i sl . 2
FRAG RZ A 1.3:1 Tl B 1) O v, RV BT [ 4 J5 114
I R Ay e AR i 5 i P R 1 1/1.3 , v A% i e
PRUFIR /N o N5 5 I K LA M 25 A HE , 4R 1
EIN
2.3 EEEH
231 TRINFARAFEERE RIS ES S5hhEiE
25 TSR 2 T XX R B ) B 48 R 2 FAATAE O
PLZ BB P EAL PR R, [RIRHA DA SN ERE iR B
B2 SN T S I S S TR B v T, B4k
HF i A U S i, R N AR T Il X AR A
i TR, ST AR U S5 R ST 2R R AR
SRR 22 22 RAE o F DA A S s ) A 23 B K- (1)
VBT B S B 5 a8, BT IE R R T F
DEEFE R P, SEE A s TR TSP
7 A T LTV FE A 2 1 A, B IR S S T 1
S VR B4 E , HL 8 5 A1 38 BE AR 40°~50°f
CFEVE T SR A5 B A7 1 75 R AN vl g iy i Ab
J7 1) R A9 30 285 o B 2 1 7 ) ), AT LU AN T
] () 70t ) VTR AT I RV AN 38 S FTAT 7= AR VR I A
J7 AR AT R, e R 3 S P Ul Py A TR A U
Bt AR F ) <Fo, BV EAR = A IR sh A R
TNFRFEI ()T F R Aa i, i Tk
HAREEN TSN, £y SEBRAS AT R RAE TR R T
Sl R P S it e A O o TR AR T R AR
B 2% /INBE b 3CRE S PR R (A B A 7 A= e 8 1 7
JE 77 9156 MO E R R B AR A/ NS s R 7 A
(1562 . A I R, 51 S0 He A
o WA N FAER Tk il i, Foe AR 0 e
5 M AZERN Fo Ro= M., F RN ZE305 K 7™
f(/.jﬁ\,Fc<Fu<F00

DL FASTE R A, X 58 f AT AT 7= A PR sh A 2 R
JEAE TS B Ry, XS R R R &
A FH T B 0t A A D 25 o, R - R RN L
B RA BT AT 10 25, 5T B BA T 38 ST AN A5 5 v
FAL R B SE PR . ASBFT LU -B 1 WA AR A fa AT
T, LA TE B AR 0L R [ B o B 4 75 D
232 HEETENAEE —HURERSBEGAE
ZEFFTAT ST, HE T F 5 O (8 7 1 527 75 e 2
)29 24 4% Ak B ) Fo AR TR AE T wiifi  u



- 1348 - H ] B2 B

AR $354

ity S G i A B 25 R Ruo IS TA KRB (R -85 D1 0 i
T 25 91 5 7 B 1) S5 R 1R, o Wi B e St A 25
MR, R/R, =13, THEH:

FeR,=F R, (4)

X (4) A 18 F,=F,-RJ/R, = 1.3 Foo M5 H
o uity f% FI| U 5 7 B o, 9 575 K 1 B R AR T 5 I I
BB R Foi 1345 o MK A8 AT AT A A
T 500 19 51 (B 755 BES 114 75 K pos A <

pulzi”:'izl.:’jipo (5)

LS55 4 A 2R 3 1 B s = 59.4 mm?® 1B 5 77
AT R 501 = 3.2 mm?*f A (5) , 7531 O[5 7 f162 i 27
R 20 R SRR 24 4%

W5 o 5 A u YRR R R R
Z AR R RARA B o A S BRX 38 AT =
PR B BEAIE B ) Fosl por sor= A2 10 J15 M,
o For R, WA F P2 IFEM 5 F - R,, T /2 F.
AR I ML F R, o A IRFEE HIEN(4) PR
RFE AR F,=13 F., Bk F,=1.3F<13F<1.3F,,
iz 20 (5) B Fep a3 AR Fo il po, FEARA 501250 1Y
BUE 15 por = 24pe, p. = Fulso N FAYPELEBEIE |- 59°F
WENGFE . BIR po = 24p<24p <24p,,p, = F /ss N
F Oy MEAE B T RS2 75 e . ISR IR R, 2R
16 3 O [ 7 52 1 7 R 7 L B TR T i 1.3 57N
JE HES IS BR FRY) 24 5/ AEEA TR A
SR RSy R R R R IR A B, MARA [
AR5 T B SEBRAL PR LR AN FF N B FTAT
AT Ao

3 WEHISE

3.1 fTRFR

George Von Bekesy T 20 {22 40 45402 HH FE S
JEE AR 07 B B, RIAT I 27 U, IFAE 1960 4% 1X —2= 15
ET RGMAR™ 0 [ e i ge , TR 3h 7 —
Uiy , P LA U B0 DA T HR AL A2 1) 31 5 o, 33X S —FhA T
W o FEIRC B TP H- B B 0 A B PR L, DA
U B B MR T, AT S B, YA — Rl
VB 7 5 M i P S 23 R B3Ok iR el
PIATIE o AT PR B UG T s , T I TR 2 T ]
BERE 2500 B B R IR 8, B B PR IR I
R, TR HE A0 B 3R I 2 e, 280 1R
FEBIA TR R (181 3) o B A it oy S ST Y R RC JE
JE  FRAE 0 2 i m , bs (E B B2 i H oo o A A7
B BRI L 4R 2l , B T R AR AR, T A
VA AT I 1 B AN 5 S JIEE A R 3 30 s o A AL Al |

WO . DAL BRI 2 517 IR 3l A HE R A5 L
YRR o B T A A AR il R 2 4R ) 2
B AR SRR IR IR 9 2, T AT WL SZ AR B AT A 9 S
(Y, B — L B 1) 25 SRS AR TR . AT I AR 5 I
RS AR . — TR R R K
FERTRRAATIENAS o AT th B N B R e A%
AE BIPRBNTE o AT I AT ANRE AR (D) 254735
P8 i AR M o7 T A B TR I T ), IR T A
Ao AR Ry AT B R I M ) o e 3 i
J2 Z W ERE U T 5 (2) AT ARAA ML . & ATUAE
PR A% L ) R M AT 19 i 20 e iR M o 5 2 1
BER, o5 B A48 Ry o MR IR MR 32 ¢ ) T
Uiy 75 16) A7 M U 5% A5 L ) 40 ek s ), Wl e
KA BRI A 0, W7 & Tl FEAR L, A Ry Hp 1K Y
ARFBL—T53 o FhIHRR AU AT R0 v AP T i £ 2
VA4 T A I ) 30 1 i 7 A AT I, (EL T T i
AL BEX R AU I A BRI AT . A AT
W S AT IR i A ) — A P ) BRI , 1 4 e
e AT, AR, S 2B st TR AT I A G
R KRR M 07 2 [ R 1Y, A AT DA R R o
B ER .

1001z il

e
e

[ 4001 _’\
3

= 2 [ 1600Hz,

LB 1 ety /\

0030 30
FE A FE mm
&3 ERE_ ERITR

Fig.3 Traveling waves of basement membrane
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