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% 8E 100Hz BEIZELRTavTDRE
Chapter 8. Improvement of the dip at around 100Hz
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8-1. BELETIL
Examined field

Fig. 8- 1 IR T EBERIEETT NELT, 100Hz BFICELDT v T OREEZRIET D,
Fig. 8-1 IR TMHTET /VIE, ZThETORIEDLEL RIF TN —LAOBREEZ R T D5
ERTAHILOHERIN TS, RIEET /AT, FTREBE3.om{T4A 10°), I¥F o rary—
/v Type A (Fig. 2-4) BMRES LTV VD,

AIEETORIEICLY, REPLOEBEET Hy(f) 2 100Hz LEIZAELDF 4y 7L TK
EFELTOBIERSD>TB, Fig 8-1 IRTEINZ, Hy(f) #HRTIERIX, REET
HHRLEIER S DIEEZ T o TCBIF L Tary—Lm 2 5>Thh, KETIE, ThbH2D
DEFROBRBUCLY, 100Hz AFIELDT 10T DREL R D,

W, IFTTAr—VORERFIZEDETFE H(f)bT 4y TRIZFE L TOAIEMNEIE
FOREESNTVDD, Ty 7 ORERENT, EHEF H(S) LRPODIEBR I E H(f) EOF
WTHY, H(f)BENICLS>TELIET 4y 7 IR L TRERR BT ET>THHEY Vo7 & H
TOHERETHD, WoT, H(f) ~DORHILIZENT 407 DI ER 52 5 LIIFRETH DA,
RERBEDHRIIHIFTERWEE LD, T, H() BOOEDIIF o Tar ) — L ORE
WL TRBEOFENEBLITIZLIE, FEEERLRLTHD,

sourge 3 0m z Mixing console
H{f) ) Type A
H(f) 10degdT—— L.P.

(07 1.2)
Hz(.f) A \e
//;;._‘ \l)

V¥ Floor

Fig. 8-1 The calculated field for the examination into the im-
provement of the dip at around 100Hz.




8-2. —ERDERE DR EFIZL DR
Effect of the sound absorbing of a part of a floor

AETIE, ROBRFIZED 100Hz IEEDT 47 DU EDRIZEL THRIEE1T,

ERBIEETIE, 2 TORAEZRETHIILIEREMNLRLELEZOND, #-T, 2
T, RHEZEDREELT, TEMOIX 7Y — L OEBETICRIGTHREICRL T
WEREEREL, FHIZLD 100Hz DF AT ~DNRERIETS (Fig. 8-2), M, 5 6 EDOKRIE
BENSIX LT ar ) — VDRGNP IA= T RAV MBI DRI E LD BEDD IR
RSN TWAIY, IF Lo 7ary— AV THOKREICEL TR FLEZREL TRV,

LEECRLT, /—<ATRIvZL R B,=0, 0.06/pc, 0.17/pc, 1.0/pc #5212 HEDEHE
& 2% Fig. 8-4 ~Fig. 8-6 127", AAIZ, ERROTRIvFL AT, TRAF—RERICHRELT,
FnFh a=0, 02, 0.5 1.0IZFHEHETA(HE®B.1), K. (8.10) BFR),

(8.1)

where, | a ; sound absorption coefficient
B, ; normal admittance [m/Pa-s]
p ; air density [kg/m’]
¢ ; sound speed [m/s]

source Z Mixing console

Fig. 8-2 . Absorbing a front part of the floor to reduce the reflec-
tion sound from the floor.
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> x

Fig. 8-3 The hypothetical one-dimensional sound field. 4;; incident wave. A4,; reflection wave.

AFHE (4) B, x=1IZBIFBTRIVEVR By( 1) DRFEFICEDRAE 4,) 25, x
FEIZ—HRITERTD I KBS IRE TS (Fig. 8-3), Z0LE&, AFERUORHK
iE, (B2 ~R (B4 DIINIRTILATEL(K(B.2); HEFRT T+, H(83); FE,
N (8.4) RIFEE),

[

D, (x,t)=4, e/ @*) , @, (x,t)=4 o/ (8.2)
a(D. ,t i{ ot aQ :t f{r+1
$p(x,t)= P_'a(,x_) = jopA @™, p(x.1)= Pr—a(,x—) = jopd, ™) (8.3)
oD, ot foot= . od 5! (ot+
ui(x’t)=— ,(x ) =jkAi ej( ) H ui(x’t)=— r(x )=_jkAreJ( ) (84)
I ox ox
where, 4, ; amplitude of an incident wave (velosity potential)
A, ; amplitude of a reflection wave (velosity potential)
®,,@,,® ; velosity potential [m?/s]
D;»D,, P ; sound pressure [Pa]
u,,u_,u ; perticle velosity [m/s]

B, ; normal admittance [m/Pa-s]
a ; sound absorption coefficient
7 ; reflection coefficient

p ; air density [kg/m’]

¢ ; sound speed [m/s]

k= wfc ; wave number [rad/s*]

@ ; angular frequency [rad/s]

IO, BEBENIIBIA»EERT UYL, BE, KHFHERER, TR (B5) ~
H(8.7) DIICEFT I ENTES, AL, I CIIEEME & 1L TIHABL TS,

D(x) = 4 e +4.e" (8.5)
jcup(A, e+ 4 ej’“) (8.6)
Jk(4€7 - 4,.e™) _ (8.7)

)
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x=0, x=/IIBITPEREEEX(8.6) KUK B NICEATHILIZLY, FERIER v
B x=0IlBFBTRIVZUR B,(0) iF, LLTFOINIRTIENTES,

x=l ; —%=4U
p(1) Al
_i_l—pcﬂo(l). 2k
:>}/_A _l+pcﬂ0(l) e (8.8)
7(0)
=0 ) - = 0 0
3y p(0) A (0)
A-4
:pCﬂO(O)=A,‘+A,- (8'9)

1. REELFRIVAL ZOEE
X(8.8) LY, TALF—RER oL, BREDOTRIVIVRB(1) ZAVTUTOLY
IZRT LN TED,

|_|t=pe (O] (8.10)

1+ pef, (1)

2. x=0IZHI1BT7FIVILX

R (8.8) AR (B IR ALEETHL, x=0ZBIFTATRIvF U RB)(0) 1%, REHERE
TOERE I FORHEROTRIvEZ R B( ) ZROWTUTOIINIRTIENTES, =
IT, REEROTRIVZVAN B(1) =0, THROLAGER THIES, TRIVFLR
Bx0) 1E, H(8.12) TRTIENTES,
1 {e,k/ jkl}+pcﬁ ) {ejkl+e—jk1}
pc {e’“ +e'""}+pcﬁo 1)- { JH e‘f“}
1 jsin(kl)+ pcB, (1) -cos (k)
pe cos(K)+ jpcp, (1)-sin (k)
1 jtan(kl)+ pepB, (1)
pe 1+ jpcpB, (7)-tan (kl) ' (8.11)
B) RETEHBEI(B(!)=0) DEHE

By(0) = jtan(kl)/pe

P (0) =

(8.12)

TIT, x=0 TOTRIvFLVR B0) Rk RLA2BEELL, UTFTE2oN5,

an(kl)=w = k=2Z(2n-1)

N|=l

" f_ (2n 1) [Hz] (n=1,2,3,..) (8.13)

i, REIDEF, RIIOFEEORAOMIIBITATRIvF RTHESEL, K (8.13)
X, ERAEAYTIRETEER (B, >> Upc) ELTERZNIBAREFEZRL TS (Hid,

8-5. #1),




Fig. 8-4 DB AR Hy( f)+H (f)+H(f) #ELTEY, Fig. 8-5 R\ Fig. 8-6 IZTFNETNEF
BENSDEE H(+H () B, EFERPOOFS H(f) 2RLTWS, BF, KERFIEEF
MBEHILVHEORRERLTRY, BMH, —S8K, ERIzhEh, BERa=02,
0.5, 1.0 (FRIyZ> R B,=0.06/pc, 0.17/pc, 1.0/pc) DHFEDFERZRL TV,

Fig. 8-4 I2L5¢, MEFE a=02, 0.5 DHAET, £NEK3dB, #5dB OEIEZRD
100Hz DT 4> 7IZx L THBBAITE D, £z, REED LEFLEGBITT 107 O RERBEHENTE
BIZHB L TO<ERTFABEBIEND, BREE a=105E1E, 100Hz DF o772 TER<B K
B 2 RIC KRB EARNTHEY, BELARVE S OBHLIHI OB E LTV DT
BERIEND,

Fig. 8-6 (Z&5&, RERDOEILITIET, ROLOEBMRHFEF Hy ) BEERNTHED L TS
BFMEAZ5, ¥7-Fig 8-5128d&, KEOWRTIE, KRHE H() I L TET TIHR<ERF
FEDODEE Hy f)y+H () ITH L THEBE 52 AL ER TES, 4 —T 4 OZHERE T,
EH#E Hy(f) PREOTHAILERDHHT-D, EFENLOFS H( fy+H,(f) 2 0dB LA L, T
ROLEFFRIOOFEDEEEIVDREVIENEETHHLEZLN, H()+H(f) DKIE:
B TEFELLARV

TATREBODRERLFTEE, RERa =05 ETORENREENDD, RERa=1
EVo B ERRFLEL, BRI IREREILTTIINS, EFROEEASZE
FEEL L (0dB) L FITEA S TUEIRRLRDIZOEEDPLELBRDND,

Freqguency responses : total response (from S + S')
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o 5 = Dt
2~ RN = \J]
o ~i i \ / 7 4, \jh
& SEOWAAL LY \
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10
3, of the part of a floor
0 ( e=0)
A5 ~==- 0.06/pc (a=0.2)
— =+ 0.17/pc (a=0.5) I
1lpc ( a=1 )
.20 I B MO S Y A I {
10 100 1k

frequency [H2]
Fig. 8-4 Calculated results of the total response Hy( f)+H,(f)+H f).
The modeled field is shown in Fig. 8-2. The front part of
a floor is absorbed. Gray line; no absorbing. Black dashed
line; 3,=0.06/pc (&=0.2) is given. Black dash-dotted line;
B3,=0.17/pc (a=0.5) is given. Black line; B,=1/pc (a=1) is
given. The 0dB indicates the level of a direct sound Hy( f).




Frequency responses : from the real source, S

10

o5

=) .-

a bz QT

y i/, 7]
S SA W)
I I s 2 v \:,)‘ 1}5 '
S T
g-s LA :
Q
-4
-10
B, of the part of a fioor S
0 ( a=0)
15 ---- 0.08/pc (a=0.2)
-« — - 0.17/pc (a=0.5)
—_— 1lpe ( a=1)
=20 H 1 I S
10 100 1k
frequency [HZ]

Fig. 8-5 Calculated results of the response from a real
source Hy( f)*+H,( f). The modeled field is
shown in Fig. 8-2. The front part of a floor is
absorbed. Gray line; no absorbing. Black dashed
line; 3,=0.06/pc (a=0.2) is given. Black dash-
dotted line; 3,=0.17/pc (a=0.5) is given. Black
line; By=1/pc (=1) is given. The 0dB indicates
the level of a direct sound Hy( /).

10 Frequency responses : from the imaginary source, §'

g 5
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5

- 0

O Sl e Ty e e \\j\

T T e~ L )

§°5 T3 N WAY ,’,\\i\\’,‘\

> 4w \ ¥ A7

\\\-—N‘ \. I.A\. . \\‘ ‘,\’gl
.10 ™ N “ "l/
B, of the part of a floor \ \ .
0 ( a0 ) '/\
A5 ---- 0.06/pc (a=0.2)
| = —- 01716 (a=05) V '
_— 1lpc ( a=1) ’
_20 H 1
10 100
frequency [Hz]
Fig. 8-6 Calculated results of the response from a imagi-

nary source H,( /). The modeled field is shown
in Fig. 8-2. The front part of a floor is absorbed.
Gray line; no absorbing. Black dashed line;
B3,=0.06/pc (=0.2) is given. Black dash-dotted
line; B8,=0.17/pc (a=0.5) is given. Black line;
B=1l/pc (a=1) is given. The 0dB indicates the
level of a direct sound Hy( f).
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8-3.3XL 5 a yy—IILORFIZLEITHE

Effect of the sound absorbing of a part of a mixing console

ARETI, IFP Ty — L OREFIZED 100Hz BEDT v 7 O ED R IZEL TREE
21T o

RENLNBEEZDE, RIS a Y —AD LREOREERARETHE, £,
YT MIK T BRPODRA BT DO AR KM EEZZDLL, IFI TV — NV DEE~D
REBERLIRAIZEE ZOND (Fig. 8-7), AEHTIE, 7, LR (top surface) ZFRIF
VT aV—)VOENL, T bERE (bottom), M (rear edge), FHI (front edge) IZXF4 5%
EOHROBEREITY, KRIZERLHDROBWEMLICH L TREROEIZLDT AT OWER
ZIRIET Do

sourcée 3. 0m Z Mixing console
H(f) ' Type A
H(f) 10degT——,a L.P.
(04.1.2)

Hf)

rear edge —» |

Fig. 8-7 Absorbing a part of the mixing console to reduce the re-
flection sound from the floor.




8-3-1. REFRLLDIRET

Examination of the console's part to be absorbed

E 3R (top surface) ZFR<IF T a Y — A O, T724HFAT (front edge), HiH
(rear edge), J&E@E (bottom) (ZXL T, FNFNEEE a=1.0 (TRIvZ R B,=1.0/pc)
BH 272358 D EFER% Fig. 8-8 ~ Fig. 8-10 (Z/R T,

Fig. 8-8 MEMFHE Hy( ))+H,(f)+HLA f) KL THY, Fig. 8-9 XN Fig. 8-10 ix#NF
NREFFEPOOFE H(fHH () R, EFEPOOFS H(f) Z#RLTWD, KF, K
BRPREFLBEEIRVGEORERERLTRY, BME, —a8E, ERTTIEN,
FHil (front edge), & (rear edge), EMH (bottom) IZXL TR FER a=1.02527-HED
FERERLTD,
 Fig. 8-8 ~ Fig. 8-10 {Z&5&, FH( (front edge) K& VNS T (rear edge) DR FIZ K DHMED
ELIXFEAEBRAIEN T, ENODEMOREFIZLDT 4y 7 ORENRIIHFTE RN
ZENEDND, —F5, KM (bottom) DR FIZLDFE~DEIIE, EIKIZBWTHAITE,
T AT DREDRPHERTED,

LEDRERIT, IFvv7ary—LOER (bottom) 25, KROLDREFITH DA
EEROTWAZERD, IxL v 7ary—LOBREEL TOERBRENILIZLEZLD
mEBbnd, #oT, Type A UADHROIFI v Z7ary— i BnTiE, SHTFLLE
EAROIRAVLRFEITCHY TLIROT, EOHEITE, KIAoDRFFIZHT
AAFEEL TOEMEEELTRETT LRV EEDND,
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Frequency responses : total response (from S + S')

10

w

3 == .
—J \ o~
% 0 \\\ k / ‘ f |
B ~
g - TN
s i\ i
2 \ /
10 L—— !
absorbing part of a console v
Bu=1pc(a=1)
no absorbing
IS o font edge
— - — . rear egde
- ——— hottom
20 r —— e’
10 100 1k
frequency [HZ]
Fig. 8-8 Calculated results of the total response

Hy( f)Y+H\( f)*H,( f). The modeled field is
shown in Fig. 8-6. A part of the console’s surface
is absorbed. B,=1/pc (a=1) is given to the ab-
sorbed boundary. Gray line; no absorbing. Black
dashed line; front edge is absorbed. Black dash-
dotted line; rear edge is absorbed. Black line;
bottom is absorbed. The 0dB indicates the level
of a direct sound Hy( f).



Frequency responses : from the real source, S

10
25 ;
= e
o
@ 0 pEmas et — oy
he] o
T \
g
=)
3 \
-10 | -
absorbing part of a console i
Be=1lpc{a=1) i
1 no absorbing !
ASH ---- front edge I
- = . rear egde ¥
e ROttOM :
-20 r S —
10 100 1k
frequency [Hz]
Fig. 8-9 Calculated results of the response from a real source
Hy{ f)Y+H,( f). The modeled field is shown in Fig.
8-6. A part of the console’s surface is absorbed.
By=1/pc (a=1) is given to the absorbed boundary.
Gray line; no absorbing. Black dashed line; front
edge is absorbed. Black dash-dotted line; rear edge
is absorbed. Black line; bottom is absorbed. The 0dB
indicates the level of a direct sound Hy( f).
10 Frequency responses : from the imaginary source, $'

Normalized SPL [dB]
o

\\ ‘\_ A \W gt

5 \
[RA) wh
=10 -
absorbing part of a console
By=1lpe(a=1) N s

as | —— no absorbing A

- - = = front edge ]

— - — - rear egde ;!

——— bottom jo
-20 r —r—r— )

10 100 1k
frequency [Hz) ’
Fig. 8-10  Calculated results of the response from an imaginary

source H,( f). The modeled field is shown in Fig.
8-6. A part of the console’s surface is absorbed.
B:=1/pc (a=1) is given to the absorbed boundary.
Gray line; no absorbing. Black dashed line; front
edge is absorbed. Black dash-dotted line; rear edge
is absorbed. Black line; bottom is absorbed. The 0dB
indicates the level of a direct sound Hy( f).
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8-3-2. REXIZLDHEIL
Effect of the sound absorption coefficient

BIEDRIEIZEY, Type A DIFT 7 ary—LOWFIZELTL, ERORTHED
HWFERTHHIED o7, LU, Eﬁkﬁ?‘é%%i&’*méﬁt%/—\@-/w/7"@&
ENRICBL TRIEEIT,

WEEICHLT, KF
0.17/pc, 1.0/pc) 52 1= & DFHEME R % Fig. 8-11 ~ Fig. 8-13 1T/~ 7,

Fig. 8-11 23 R&EME H( /))+H()+H( ) #RLTEY, Fig. 8-12 K Fig. 8-13 {ZFh
EFNEFRPLOFE H()+H(f) RVEFENODEFSE H(f) ZRLTWS, HH, K
ERPEFLBEHIROHEOERERLTRY, BER, —AHKR, FRIThth,
WER a=02, 0.5 1 DHEEOERERLTNS,

Fig. 8-11 iZkDé, BMEFL a =0.5 DFATH 3B OEFEL VL OEIEZHEH 100Hz
DF 4y I U TRBITESD, RKEORFIZHARDERFT R T HRFMEOE T2
WV T80T, IV ary—AOERICE, BWRETRICIDRFLENEEND, I,
Fig. 8-11 ~ Fig. 8-13 {2k5&, IF o 7avy— L OERORFTLEIL, KEOREDH
ELITRZY, BVRERIIBVWTHREEEEZERL TLIIOREEITR, T14v7D
HEHRICEPLTHARBBLN TS,

PEED, I 7ary—VOEEOREIZLHUELEIL, BEBIZIRELTHZIR
FIETHY, BVERERTOHEABRDHROTHIILN D2,

\

Ra=0, 02, 05 1.0 (FTFIyZ RZB,=0, 0.06/pc,




Frequency responses : total response (from S + S

10

T e vtang

. i

Normalized SPL [dB]
o

‘_ l
[ |
-10

3, of the console’s bottom

0 (ea=0)

15 = === 0.06/pc (a=0.2)

—_—- =~ 0.17/pc (a=0.5)

—_— 1 pc { =1 )
-20 H I IS U

10 100 1k

frequency [Hz)

Fig. 8-11 Calculated results of the total response
Hy f)+H,( f)+H,( f). The modeled field is
shown in Fig. 8-6. The bottom of a mixing con-
sole 1s absorbed. Gray line; no absorbing. Black
dashed line; 8,=0.06/pc (a=0.2) is given. Black
dash-dotted line; 3,=0.17/pc (a=0.5) is-given.
Black line; 8=1/pc (a=1) is given. The 0dB
indicates the level of a direct sound H,( /).




Fig.

Fig.

Frequency responses : from the real source, S

10
£? >
-
(o 3 =
50 = of ﬂ(
1]
E |
5 -5
Z \if
-10
3, of the console’s bottom
0 { a=0)
15 ---- 006/pc (a=02)
— - = 0.17/pc {a=0.5)
—_— 1pc ( a=1)
_20 H i 1 I
10 100 1k
frequency [HZ]
8-12  Calculated results of the response from a real source
H(f)*+H,(f). The modeled field is shown in Fig. 8-6.
The bottom of a mixing console is absorbed. Gray
line; no absorbing. Black dashed line; 3=0.06/pc
(a=0.2) is given. Black dash-dotted line; 8=0.17/pc
(a=0.5) is given. Black line; B8=1/pc (a=1) is given.
The 0dB indicates the level of a direct sound Hy( f).
Frequency responses : from the imaginary source, S'
10
a 5
jus
o
w
- 0
E S — __—_-_73\\1\
© N .
g -5 \-\\ N ‘w \\
2 \
-1
-10
B, of the console’s bottom
0 ( a0 ) |
15 ===~ 0.06/pc (a=0.2) 3
= 0.47lpc (a=0.5)
e 1 fpe ( a=1 )
.20 H T T 13
10 100 1k
frequency [HZ]
8-13  Calculated results of the response from an imaginary

source H,( f). The modeled field is shown in Fig. 8-6.
The bottom of a mixing console is absorbed. Gray
line; no absorbing. Black dashed line; (3,=0.06/pc
(a=0.2) is given. Black dash-dotted line; 3,=0.17/pc
(a=0.5) is given. Black line; 8=1/pc (a=1) is given.
The 0dB indicates the level of a direct sound Hy( f).




8-3-3. VIMIERICKBAHE

Effect of the acoustical soft boundary

HIRIZEY, X Tary— LV OERORFLEICILTUL, BVWRERTOLE
DBEDTHIIEBERENT-, £IT, IX L 7avy—AOEEIZH L TTRIvZ A
By > 1.0/pc 7855570 F BB EHELT-H SO RICEL TRIEZIT), ZITIR, TER
FIR vy =1 ERBIORTEBERLIX T ayy—VOEEICHLTREL, TRIvZY
A By=00, TbLEEMIY7NeEREEICER T3,

XL Sary— L DEEEY/ T H;fﬁi'%&bf:bz—é\w?rﬁﬁ%%% Fig. 8-14 ~ Fig. 8-16
R Y,

Fig. 8-14 DSERMERHME Hy /)+H,(f/)+H(f) KL TEY, Fig. 8-15 RN Fig. 8-16 1TFh
FREEFNLOEE H( () RY, EEESLOES H(f) 2ELTHS, Ed,
BERPYIMBERICLDHERR THD, SHELETIE, B, =10%pc >> 1.0/pc TRy
5 RODRPYICEA TS, ¥, EP, KRERRVBEEEL, ThERTRIvEL A
B,=0, 1.0/pc (ZRERa=0, 1)DEBEOERELRLTVS,

Fig. 8-14 (Z&5L, YIMMBERDZEIZBWTH, TOREMRITERKIZBREL TEDL
NTHY, 100Hz DF 4y 7HEBZH L THRHNTHIILPHEER TED, Fie, TAv7IT
RTHEEL L DOWERRIL, TRIVEZ B,=1.0/pc (RER a=1.0) DEELHIYT
MR DI NRENZENRS D, BL, YIMBEREZERALLEES, H(f)+H(f) DIE
BAk453 53 0dB Z TEl>THY, F—T4F OZRRELL UIEEL W LEbh 52 (Fig.
8-15), ZORIZEALTIE, BEEKREEDOHD Y7 MeEEBEROBRICLVERTELE
bis (8-5. Bz TEER),
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Frequency responses : total response (from S + S)

(6]

g = 4
o [e-- IS //
o il O \ !
7] 0 o
© ~
[} // - ~3
N
B 17
5 ‘
2 \ /
10 |
absorbing console's bottom
-15 L no absorbing
=== B=1lpc(a=1)
By=108/pc ( soft; v =-1)
20 1 [ R
10 100 1k
frequency [Hz]
Fig. 8-14 Calculated results of the total response

Hy( fy+H,( f)+H,( f). The modeled field is
shown in Fig. 8-6. The bottom of a mixing con-
sole is absorbed. Gray line; no absorbing. Black
dashed line; B,=1/pc (a=1) is given. Black line;
B,=10%pc (v=-1) is given. The 0dB indicates the
level of a direct sound Hy( f).




Frequency responses : from the real source, S

10

2° o
-]
% T -
-8 0 < = v \ ]
L T O Py
® /
g -5 - x
2 j

-10

|
absorbing console’s bottom §v
-15 |- = N0 absorbing

o m- =1 pe(a=1)

Bu=108/pc ( soft; v=-1)

i P i i Figid

10

Fig. 8-15

100 1k
frequency [Hz] '

Calculated results of the response from a real
source Hy( f)+H,( ). The modeled field is
shown in Fig. 8-6. The bottom of a mixing con-
sole is absorbed. Gray line; no absorbing. Black
dashed line; 8,=1/pc (a=1) is given. Black line;
B=10%pc (v=-1) is given. The 0dB indicates the
level of a direct sound Hy( /).

Frequency responses : from the imaginary source, S'

- 10

-

-

Normalized SPL [dB]
o

V\
-10 ot ’ \‘
_4—-"‘/———
absorbing console’s bottom \L
15 no absorbing
i ====5=1lpc(a=1)
Bo=108/pc (soft; v=-1)
20 ] P L T 1T 7771
10 100 1k
frequency [Hz]
Fig. 8-16  Calculated results of the response from an

imaginary source H,( f ). The modeled field is
shown in Fig. 8-6. The bottom of a mixing con-
sole is absorbed. Gray line; no absorbing. Black
dashed line; B,=1/pc (a=1) is given. Black line;
B:=10%pc (+=-1) is given. The 0dB indicates the
level of a direct sound Hy( f).
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Comparison of a sound absorptive floor and a sound absorptive console

KENTI, RIEIETIORT 2T 2 BEOSREFRE, ThbbRERVPIF VI 7ary—
NORBFINZIAMERLE TS, HERIE, UTO3IRBEOFRHELETS,

BRPDIF LT Ay~ VEBETOROERE B,=1.0pc (@=1.0)
XAy —VERORE B,=1.0/pc (ax=1.0)
XV TAY—IVRE DY TMER B,=10%pc (y=-1)

Fig. 8-17 ~ Fig. 8-191Z, ZTNENOFHEDLLEEZTRT,

Fig. 8-17 BB HK4EME Hy( /)+H, (f)+H(f) ZRLTHY, Fig. 8-18 XU Fig. 8-19 IFEZNENE
FRENPLOES H(fH () R, BERNPOOFS H(f) #RL TS, HF, KEHEIE
FUBERSLVES, BEEBRPKRKAO—HERELZSE (B,=1.0pc), B—R#HRAIFY
Ay —VERERELEES (B,=10/pc), BEREIFZIIary—/VRENZ TN
FEBALZES (B, = 10%pc) DFEEZRL TN,

Fig. 810 12k 5L, EALOREE H(f) L TRLBS SHEAE FHE, KORELE
ThDH, BL, RIHTIREDRIL Hy( /) 203 TS, RFEFEPOOHE H(S)HH(f) 15t
LTHOEEZEZ TEY, BRILTT 7RI TR/ H( S/ )HH (S )HH(f) &
EFRECELSETND, #5T, KROBRFICLDLED, 100H2 BEFEDT 4y T DEREDHIZLT,
MOF T — I R0T 4 T HRAIEDFREENDHY, BRITERRXETS,

—7, IXV T A=V OEEIIRTHLER, EEICH L TESMICERALTEY, 71
TORBIHL THERTHD, iz, EFREPLOFE H(f)+H(f) TBL TS, EIBLSMT
IHETORNE, TRbbRELBEHIRVIGE DR HERLTRY, A —TAFOZREAA—
VIR L TRIEZ2 B EOE{bA B R S RetEr DB ohd,




Frequency responses : total response (from S + S)

— 0 absorbing
absorbing a part of a floor; By=1/pc (a=1)

10 — — - — . absorbing console's bottom ; B,=1/pc (a=1) T
- = = = absorbing console’s bottom ; 8,=10%pc ( v=-1, soft )
L7 W

T 5 g2es
k) V¢
il R N y ;\
N . N | 1/ y A
[%2]) 0 "~ i \y,
- Py e 5 GRAR
.g i o - D7
[ 17
5 -5
4

0 \

-15

-20

10 100 1k

frequency [Hz]

Fig.8-17 Calculated results of the total response
Hy fY+H,( f)+H,( f). Gray line; no absorb-
ing. Black line; 3,=10%pc (y=-1) is given to
the front part of a floor. Black dash-dotted line;
By=1/pc (a=1) is given to the bottom of a mix-
ing console. Black dashed line; 8,=10%pc (y=-1)
is given to the bottom of a mixing console. The
0dB indicates the level of a direct sound Hy( f).




Fig. 8-18

Fig. 8-19

Normalized SPL [dB]
o

Frequency responses : from the real source, S

no absorbing
absorbing a partof a floor; By,=1/pc (a=1)

10 — — - — - absorbing console’s bottom ; 3,=1/pc (a=1) hr
’ - = — = absorbing console’s bottom ; 3,=10%pc ( v=-1, soft )
=] . LN
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Calculated results of the response from a real source
Hy( f)+H,( f). Gray line; no absorbing. Black line; 3,=10%pc
(v=-1) is given to the front part of a floor. Black dash-dotted line;
B.=1/pc (a=1) is given to the bottom of a mixing console. Black
dashed line; B,=10%pc (+=-1) is given to the bottom of a mixing
console. The 0dB indicates the level of a direct sound Hy( f).

Frequency responses : from the imaginary source, S'

no absorbing .

absorbing apartofafloor; Go=1/pc (a=1)
— . — . absorbing console's bottom ; B,=1/pc (a=1) T
- = = ~ absorbing console's bottom ; B,=10%pc ( ¥=-1, soft )
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Calculated results of the response from an imaginary source
H,( f). Gray line; no absorbing. Black line; 8,=10%pc (v=-1) is
given to the front part of a floor. Black dash-dotted line; 3,=1/pc
(a=1) is given to the bottom of a mixing console. Black dashed
line; B,=10%pc (v=-1) is given to the bottom of a mixing con-
sole. The 0dB indicates the level of a direct sound H,(f).




Fig. 8-20 X ' Fig. 8-21 1%, #HEN 3 BMEOKENBIZLATEL ~ASHRE, TEA
TV TADEAERL TS, HH a) PREFLBEEZMIZVEES, b) BREO—HERELE
B4 (B,=1.0/pc), o) BIFL o Fary—VEBERELEES (,30=.1.O/pc), d) BIFL o ra
V= VEEICY TN REERA LS A (By= 10%pc) DFEFRERERL TV,

EELVSASHOKTIL, BEEEECBTIEOBFERRLELDLRZS>TIND
(Fig. 8-20), KEZRELIBEOEHb) 11, RELBLESRVHEOER 2) LIZER-T
ERERENTWS, —F, IF o rary—ADEEEZRELEESOFTEL L ofic) &
V) 1L, T a) OFMEELEBLYL, FF A EIMETIEEDOERBBEINZE B AK
ENTVWD, —F, FFEUIELTHDL)—D0HifkT, IF v rary—LOEEERET
BHIEIZLY, BIZRWEEDR~EEMLLTND, 2, FHLLRAKIC, KORFALEEDNLS
BEOBFELAPERLTERY, TEALOSHRUIMIELTL, FHFa) 27740 ALED
REBBEEIN TS,

FBAVTUOVTACELTE 2TOFERIIBNVT, RRELUEDRPERTED
(Fig. 8-21), MBELBEZEIRWIGE, VA=V RALVNEBEOEEA T T41%, £DOL
~ABNEL, BELEFMSLTH~EAPoTODIZRIL (Fig. 8-21, a), BELLITY7ME
FICEDMBEBLI-HEIE, LNABKRERYD, MELAIAPLEI~LEESNL TS (Fig.
821, b, ¢, d), TRbH, BELLIIVIZMERICEIDLEILLY, +0RTFB- LT -
ARG Tl BRI DI ~LEREN T BIENH DD, | |
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Height [m]

-—

Height {m]

Height [m]

Height [m]

SPL contour ; Mixing console, Type A

-20dB -10dB 0dB  10dB 20dB 30dB

Spatial distributions of the sound pressure level at
100Hz. a) no absorbing. b) B,=10%pc (v=-1) is given
to the front part of a floor. ¢) B,=1/pc (a=1) is given to
the bottom of a mixing console. d) 3,=10%pc (4=-1) is
given to the bottom of a mixing console. The 0dB indi-
cates the level of a direct sound Hy( /).




Sound intensity flow ; Mixing console, Type A
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Fig. 8-21  Sound intensity flows of the sound pressure level at
100Hz. a) no absorbing. b) B,=10%pc (y=-1) is given
to the front part of a floor. ¢) B,=1/pc (a=1) is given
to the bottom of a mixing console. d) 3,=10%pc (v=-1)
is given to the bottom of a mixing console.
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Acoustical soft boundary using acoustical tubes

HITED 8-4. ECTOMRIEICLY, KEAORFRPIF o raryy—VEROREILEDS, 100Hz
EEDT 4y T ORBE N THLI LIRS,

BEMLEZGEEEZLDE, REORETLBIZIEHETHLZLNE, EREINDBEFRD 0.1
BETHIUL, 7— v MEOt ETHICLORLATTREEBDNEN, TOLIRENRERTHE
SRR EDRPEDRNIEN, 8-2. IDRIEFE R TREN TN D, Fie, KRICHTIRFL
BiX, ERLAWEMEOEEEISREITRANSHY, BROLEMOEANOLRERNTITR
WeEZD,

P-T, AEHTIE, BEICHLAFEHETOUEFELV oBAND, RICHTIREFOR
ﬁ@%i&ui%vyﬁ:y%—wmié&%ﬂﬁm@bfﬁﬁéﬁm'%%if@ﬁﬁn;&-i
Frrary—AOERIHLTOTELERL, VIMBEERICIDFEIDRAITHLIE
PRERSNTWS, —F, YI7MRERIZLZLET, BERILRVERERSICELTLEEL L
ERAOSETLEND, TAy7#HITHS 100Hz EEORFEFICBEL-Y TR EEERD
BRASEELEND, |

AR FEEE A T2 7MY, FEELAVDIETERARETHIIES—RIZAL
A TV5 (18], Fig. 8-22 1%, BE I DEFBEFILIVEBESN-Y 7 M BFEEROHITHD, ZOR,
EEEOROIIZBITATRIvZV R BT, R(8.14) TRIENTED(KEBINEH), Z0O%
&, BE I VA EEOFHE CRASNOBEN S = (2n-1) [Hal, n=1,2, .. DIEHIHL
TYT7MeBEBERNEFEEOEDE CERINS (AL, AFHENETEENz KGR TSE
BEHBICIRD, RB.13), #-T, TAyT7OBEETHS 100Hz (2B T/ 7 MeEBEF
PEBRTIHE, $86cm DERIDEFEEIPHLELRD,

_I_ Acoustical soft boundary

T Zﬁ>>1/pc,-y=-l@f:—46}—(2n-l) [Hz]
T T n=1,2, ..

B (normally 3,=0)

Fig. 8-22  Acoustical soft boundary using the acoustical tubes.




jtan(kl) + pcp, (8.14)

_ 1
'B_;_c-.l + jpcp,-tan(kl) _ :
where, [ [ ; depth of the tube [m]
B, ; normal admittance of the tube's bottom [m/Pa-s]
3 p ; air density [kg/m’]
¢ ; sound speed [m/s]

\k=w/c ; wave number [rad/s’]

Fig. 8-23 X U'Fig. 8-24 1%, &&= 0.86m (FREA K f= 100[Hz])) DEFEE IZRT 55 AE
DT RIvF L AEFHELIFERTHD,

Fig. 8-23 1%, FBEEBNTRIvFLZ G, =0 ) DHEOHEKERTHY, Fig 82413,
EEEREOTRIVIVZ B, =017T(REE a =05 DHEEOHEFREFLTND, TRIvZ
 ADIRIEIE (Fig. 8-23-a, Fig. 8-24-a) IZBAL T, 1/pc TEEMLIE pcB LLTRL TS,

WFRORERY, 100Hz DFEEOBEEIZB O TRERTRIVZ U RE (>>1/pc) B3EHNT
By, BEEIKEEERE T 7 M B BRERNERSNTOSLBRTED,

100Hz A F T, S0Hz IZBWTELRELEMRTRIv IV ADKEE (1/pc) BBR/LNTEY,
FNLVABEEDBMESRDIIONTRIOREREHEA~LEONTND, BL, FEELRV-FTEER
ROTRIvZ AL, HEREHUANOFERTIE, HIZ+90° HLLIE-90° DA EREERELDT -
¥ (Fig. 8-23-b, Fig. 8-24-b), #axtEEL T IEARE THoTh, MHMEOBANDIZELRR
T LEMITiT/e b2 (Fig. 8-23, 100Hz LA T OFIETIX +90° ), Fig. 8-24 12L5L, ZoLHRE
/oS TFRAEE DT, BEEDEEFRE THILT, HEBRERERDRFFLRDILEN DD,




Normalized admittance of an acoustical tube

Normalized admittance of an acousticai tube
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Frequency characteristics of the admittance on a cut end of an acoustical tube.

The admittance of the tube’s bottom 3, = 0. a) amplitude: black solid line; Re +
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Frequency characteristics of the admittance on a cut end of an acoustical tube.
The admittance of the tube’s bottom 3, = 0.17/pc (=0.5). a) amplitude: black
solid line; Re + Im, gray dashed line; Re, gray solid line; Im. b) phase.
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Application for the bottom of a mixing console

EEELROTEERLBAREEEKEEOHLV 7MERLLTEEL, R(8.14) TEX
NBTRIVFL AEIF T T ay— A ORIEICEALE B0 RERIET S,

REEICHAWAERET V% Fig. 825 17T, ZI T, Type ADIFL o ravy—ii
BIREL, TOEEDTRIvZV ALY T MR EBER2EAT5 (K (8.14)),

H, ZZCHEALZY7MeEEEROEROEDIZE, ERIIFBEOFERBLEL
2B, FDOEDITIX, BBBEREETI-ODAR—ANNLELREN, T2 CIFHEN:
BRI THEBITHEL, EX0 CERCEXIEEMNLRZ7MERANERINTHBILDL
RET2 (BREGBRICELTE, %), |

source : z Mixing console

acoustical soft boundary
1 jtan(k) + pcB,
pc 1 + jpcP, tan(kl)
Fig. 8-25  The examined field with the admittance of an acoustical
tube on the bottom of a mixing console, Type A.

YR= 2 TRA M FIT D IRE B I 5 R O FH B #E B % Fig. 8-26 ~ Fig. 8-28 (2R,
Fig. 8-26 ITH MMM Hy( f)+H (f)+H,(f) KL THY, Fig. 8-27 X\ Fig. 8-28 ixz+h#
NEEFEPOOFS H(fHH(f) RO, BEEEPOOFE H(f) #RL TS, HEICH
WEEBEOEEDNTFIvZU AL B = 0(Bl) THD, K, KERBIF L Tary—
NDEBDTRIyZ AN B=0(]), TROLMBMBLR2NGZEORE, BREERHN
& 1= 0.86m (B A &IEE B 100Hz) DEFBEICLDYTMEREIF L Tay—L D
EEIZE 2256, BEa— 8RS =043mGERARERB S 200Hz) DEFEEDES,
BEAEHEI =0.22m GEABEA K 400Hz) DFEEDHSOHERREEZRL T3,




Fig. 8-26 IZ&3E, FEEORIZETAIZE 100Hz DT 4y 7 DMERIZL 7T 52E
353D, BIZIE 1= 0.86m DHFE, 100Hz EFETOEFEL~VZEELTWEHDOD,
7242 S0HZ sEFZ T Ay 7 EL TS, 50HZ (IZ8iF5 1 =0.86m DEFBEDOEHMOTR
IVF L ADKEZL, TERFOKRELR— (1/pc) THDH (Fig. 8-23-3), EEZFEERE
LB BIiEZ 0 L7 S0HZ DT 4 FTAEL TV VeV (Fig. 8-17), 2T, ZDOLH7%
100Hz LU FIZELD T 4071, EEE L BT Ry B RO (+90° Fig. 8-23-b)
IZXDEELEEDRAS,

Fig. 8-28 2k %, %@%@Eérﬁﬁdxé&8%%7‘:4%&@@2%%%#—7’4~‘/7"7b§1£§iﬁ
CHBLT BT AEAISND, L, TAOCORESELIBRKE, ThENOEE
BEORIIZHSLZEARKE, /=0.86me 100Hz, /=0.43m& 200Hz, /=0.22m¢s 400Hz &
ERELTY R0,

Fig. 8-27 iZ2k5E, EFENOOFEIIXL T 50Hz IBEIZHT-RTF 4o 7 BELTNBT
EDRGTDD, TOZEND, FEEIZLDZVZMEROBEBRIZ, KOoORHEE T T
EFEPODOFSIIHL TOEEZHEA5LEB b5,

Frequency responses : total response (from S + S

3 ; admittance of a console’s bottom
( bottom of a tube; 3,=0)

B ; soft, tube length / = 0.86m
— « - - [3; soft, tube length / = 0.43m n
- = = - J; soft, tube length / = 0.22m Al
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Fig.8-26  Calculated results of the total response
H{( )H+H(f)y+H,(f). Gray line; 8=0. Black line;
soft 3 (tube length 0.86m). Black dash-dotted
line; soft 3 (tube length 0.43m). Black dashed -
line; soft B (tube length 0.22m). The 0dB indi-
cates the level of a direct sound H( f).




Frequency responses : from the real source, S

3 ; admittance of a console’s bottom

( bottom of a tube; 3, =0 )

10 A B soft, tube length / = 0.86m
w— « — . 3 soft, tube length / = 0.43m
- === (3, soft, tube length / = 0.22m
g 5 o /Y‘\l i
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Fig. 8-27  Calculated results of the response from a real
source Hy( f)+H,(f). Gray line; 3=0. Black line;
soft 3 (tube length 0.86m). Black dash-dotted
line; soft 3 (tube length 0.43m). Black dashed
line; soft 3 (tube length 0.22m). The 0dB indi-
cates the level of a direct sound Hy( f).

Fréquency responses : from the imaginéry source, S’
3 ; admittance of a console’s bottom
( bottom of a tube; 3,=0)
B=0 .
10 B soft, tube length / = 0.86m
( — . — - 3, soft, tube length / = 0.43m
- - = = f3;soft, tube length / 40.22m

é(\\
¥
\
7

Normalized SPL [dB]
o

L
o

-15

10

Fig. 8-28

100
frequency [Hz]

Calculated results of the response from an imagi-
nary source H,( f). Gray line; 3=0. Black line;
soft 3 (tube length 0.86m). Black dash-dotted
line; soft 3 (tube length 0.43m). Black dashed
line; soft 3 (tube length 0.22m). The 0dB indi-
cates the level of a direct sound Hy( f).




Fig. 8-26 ~ Fig. 8-27 DFERIZLY, BEEBEKENEEFE T/ 7MERZEFEELZAWT
EHL, FhEIFToray—AOEEICERALIZES, mEEHICHLTTHLRY
22T 4y T HBBIENT, FT2, ZOIIREFRT 4T OREIT, FEEITLDY
7}1,%5%0)7%“@5?:/7\0)&*&4%@ (+90° $,L<iF -90° , Fig. 8-23-b) MEFEFELTWBEE L
bhd, EEERAMOTRIVFAOMBEIE, FEEOERLRE THILTHDHE
EMHl4 523 T&5 (Fig. 8-24-b), UUT, FEEOERZRELILGEOEBIZEALT
BREEE1T,

Fig. 8-29 ~ Fig. 8-31 12, HEEEDERLREL-HE0OEML TS, Fig 8-29 iXHH&
Bt H( fy+H(f)+H(f) &L TEY, Fig. 8-30 R} Fig. 8-31 IZZENTNEFEMNLD
HE H(+H(f) R, EFTEGOOFS H(f) 2RKLTW3, HEICAVETEEOR
Xix, 1=0.86m ThHD, M, KEBNRIF L Tay—VEROTRIvFRZAB B=0
(A1), TRbLMHMBLARAVEAROKR, BEERVEROTRIVFL R B, =0@)D
BB LR/ T MEREIFI LT = VDEBICSAT-5E, BE—AHRNRETE
EDOEREDTRIvZ AN B,=0.03(REE a=0.1)DHE, BAHFERIEEEOERDT
Ry Z 20 3,=0.17T(REE a=0.5) OHEOFEBREZRL TS,

Fig. 8-29 I2L%s, BEEOREEZRET THILIZLY S0Hz TEDT 1o T NEEZN
BIEBSND, Fiz, SOHz BEOT 4y 7 HIRUANAOBEICIHLTIE, FEEEROD
REFICLBEBIAS, BEEEEOREICLEIOLIREAL, %%m)m#_a
(Fig. 8-30) R NEFHEHDEF S (Fig. 8-31) I L THRIRICEBIEND, K-T, HEE
DEEIZREMEELE2DZEE, TAyTUBIIHLTHEDRFERED 1 > THHEEZILN
%, {BL, Fig. 8-29 ~ Fig. 8-3112&LDE, BMEER a =01 BEOREF TII+HREEDR
AHIFTES, 3dB LLEOWES jJ%%: §57-011F, BREF 0S5 LLEOBRENEENDT

DT DB,




Frequency responses : total response (from S + S)

10 A

- = == f3;soft, bottom of a tube; 3, =0.17 ( \Q

3 ; admittance of a console’s bottom
( tube length / = 0.86m )

B ; soft, bottom of a tube; 3, =0.00 ( «=0.0)
— . 3; soft, bottom of a tube; 3, =0.03 ( ¢=0.1)
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Fig. 8-29 Calculated results of the total response
H{()H)+H,( f)y+H,(f). Gray line; 8=0. Black line;
soft 3 (tube bottom «=0). Black dash-dotted
line; soft 3 (tube bottom «x=0.1). Black dashed
line; soft 3 (tube bottom =0.5). The 0dB indi-
cates the level of a direct sound Hy( f).
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Frequency responses : from the real source, S

A ; admittance of a console's bottom
( tube length / = 0.86m )
[R—

3 ; soft, bottom of a tube; 8, =0.00 ( «=0.0)

L — B ; soft, bottom of a tube; B; =0.03 ( &=0.1)
- = == 3, soft, bottom of a tube; 3; =0.17 ( ¢=0.5)
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Fig. 8-30  Calculated results of the response from a real
source Hy( fY+H,(f). Gray line; 8=0. Black line;
soft (3 (tube bottom c=0). Black dash-dotted line;
soft 3 (tube bottom «=0.1). Black dashed line;
soft 3 (tube bottom «=0.5). The 0dB indicates
the level of a direct sound Hy( f).

Frequency responses : from the imaginary source, S’

3 ; admittance of a console’s bottom
( tube length / = 0.86m )
=0

B ; soft, bottom of a tube; 3, =0.00 ( «=0.0)
— . — .« 3, soft, bottomn of a tube; 3;=0.03 ( a=0.1)
- = = = 3, soft, bottom of a tupe; 3,=0.17 ( a=0.5)
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Fig. 8-31  Calculated results of the response from an imagi-
nary source H,( f). Gray line; 3=0. Black line;
soft 3 (tube bottom c=0). Black dash-dotted line;
soft 3 (tube bottom «=0.1). Black dashed line;
soft B (tube bottom a=0.5). The 0dB indicates
the level of a direct sound Hy( f).
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8-5-2. BEENEHR

Imprementation of the acoustical tubes for a mixing console

AIITE 8-5-1. Tid, FEFIZIVRBRENAYIMERLEMARTRIvIL REIF Lo
Y= NADEEICEZDIEICLY, 100Hz EFIELDT 40 7 ORBIZEL TRIEETT-
Tzo FERIL, 100Hz EFEDT 4y IIWEBINDD, Fi2IZ SOHZ IBIBIZT 4 HBAELDD
L3I0tz ET DL, 100Hz EFEDT 4y 7R3 EFEEIZLY S0Hz L5 BN 7= L fiZ
RT&ED,

AETHE, EROFTEEOREZEMLKLZETAVEREL, 100Hz HEIZELDT 1
TOREHRICEAL TRIEZTT), 100Hz BEORKEICH LT/ 7 MEREER 5750
Wi, £90.86m DREDFEENLBEIZRD, ZOIIREVWEFEEOROHEZIT IS
aryy—)VEEREICEBETHILE, HEMOICATERTHD, £IT, ZITE, FEE0D
B O BB SR DR BT THOAHE LR DI, EROFEE#IF L Tary—n
DT ERZERE T3 (Fig. 8-32).

YRA=Z U TRAL MBI 2B EHSEICEAL TR, IFv o ravy— Lo FHRICRE
SN7=& X 0.86m D FEEELS (Fig. 8-32-2) DMLIZ, THhERUAFEZE TR
(Fig. 8-32-b, LT flﬂlﬁ:’ﬁj), FEEOROBICHYTIEEZEERFLELO (Fig
8-32-c, LATFTRFER]), RLKFEELEMRTRIvI A2 527200 (Fig. 8-32-d) 12

LCOEUERRT 21T,




source z Mixing console

a) acoustical tubes
‘—-—-—-—-_—I—l

Hl
i surfaces; 3=0

|

>y
b) rigid surface g=0
c) absorptive surface 3= 1/pc

d) soft boundary
—> g= 1 Jjtan(k) - pep,

y pc 1 - jpep, tan(kl)

Fig. 8-32  The examined field with the acoustical tubes under the mixing console, Type A.
a) acoustical tubes. b) to d) comparative object; b) with rigid surface, c) with ab-
sorptive surface, d) with soft (tube) admittance.




Fig. 8-33 ~ Fig. 8-35 (2, EEOFEEFOEREFTEERLL TEX =54 (Fig. 8-32-a)
DHERRE KB TEZLNAFTEEDOTRIVIVAZARBEILE XSS
(Fig. 8-32-d) DE BERE R LD EA RS, Fig. 8-33 3B HE M H(f)+H (f)+H,(f) L

THY, Fig. 8-34 XU Fig. 8-35 iZFNENEZTRENOOHFES H(f)+H(f) B, EEIR
PHDEG H(f)2RLTWD, HEICAVWEZEEBEOEIE, 1=086m ThHhd, X,
REBRPEEEOENEE, BAEGLTEEORBRETERERLLTELAEES, &
BN EEEDTRIVF A2 52 - HEDHBRERERL TN,

Fig. 8-33 I2&5L, BEROTFI I AL EZHEOHERRICROTERAIENS
SOHZ EEDT (v 77, EEEOMREEBERLLCERHAOHEBR T, 60Hz
AR BEA~EBBIL TOBIENS D, EOMIZELTE, MrRE—IRUT 407
DOFNIBRENDHOD, BWELHERRFEEZRL TS, U EOERAIL, EFERE?D
DE5-(Fig. 8-34) RUVEFRENOLDOFE (Fig. 8-35) 12t L THRIFRICEAITE 5,

UUERY, BEECIDDROBBERIETBRICIE, RNQB.14) DT RIvF o RE W
ELSEATLE R THED, MIREELZ IR TR0, TEEORREZEERLE
R RSB RDER DI,

Frequency responses : total response (from S + S')

3 ; admittance of a console’s bottom
( tube length / = 0.86m, bottom of a tube; 8, =0 )
e NO tUbeS

10 with tubes T
- = = = with soft (tube) B i
. M [
@5 | ] = ! '
: WIN TN \ ! ; y
o A \ ’ i . N
(11:) 0 A / ; A
3 \ A A
N ! A\
5 ' \' / T
1 U 1
e
V! ;
o AL :
l'
-15 .
-20
G 100 1k

frequency [Hz]
Fig. 8-33  Calculated results of the total response Hy( f)+H,( f )+H,( f).
Gray line; no tubes. Black line; with tubes. Black dashed line;
equivalent 3. The 0dB indicates the level of a direct sound Hy( f).
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Frequency responses : from the real source, S

10

( tube length / = 0.86m, bottom of a tube; 8;=0)

3 ; admittance of a consocle's bottom

— N0 {UbES
with tubes }
= = = = with soft {tube) 8 !
T Il
. N
{)
' '} :' |
- [} 14 ‘n 1
A s
AT ] ‘
NRVAE i) . il
4 2 i

Normalized SPL [dB)
o
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-10
-15
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10 100 1k
frequency [Hz]

Fig. 8-34  Calculated results of the response from a real
source Hy( f)+H,( f). Gray line; no tubes. Black
line; with tubes. Black dashed line; equivalent
(. The 0dB indicates the level of a direct sound
Hy(f).

Frequency responses : from the imaginary source, S’
3 ; admittance of a console’s bottom
( tube length / = 0.86m, bottom of a tube; 3,=0)
10 — N0 tubes
with tubes
= = = = with soft {tube)

5 5
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-20 N

10 100
frequency [Hz]
Fig. 8-35  Calculated results of the response from an im-

aginary source H,( /). Gray line; no tubes. Black
line; with tubes. Black dashed line; equivalent
B. The 0dB indicates the level of a direct sound

Hy(f).




Fig. 8-36 ~ Fig. 8-38 |Z, FTEEZRAW-Y7MEFRIZL2HEDEE T, Fig 8-36
IR AR Hy( ) +H, (f/)+H(f) Z#F L TEY, Fig 8-37 KU\ Fig. 8-38 IIFNENEFIREN
SOBEE HfWH () RO, BERESONES Hf) #RLTS, B, REGNIED
EOm S, BEEESSBELRELISA Fig 8320), BA—SMSNEBEL

BEEOAREE TR B LREL-HE (Fig. 8-32-b, TARE)), BAEESEO—@E
ZWELEA (Fig. 8-32-b, [RER)) DHERBRERL TS, EEBELREBLIEBED
EREIZIE, EROFEEORERZETEERLL TEXEAEOMERRZEEAVTNHS,

Fig. 836 1255k, SEELRESHILT 100H EBEOF (v F MBS TBHO
DEFTI-IZAELT 60Hz IHFEDT 4o 7128Y, FAEEFESEOEELVIBATIE, £
NeS R EE T ARREL L IR EBOH S RO THELRTES, UTF, %
FER CEERNSOE S I TEBE I LA BL SRS,

Fig. 8-37 12&5E, BEE TREZTREOLOEBRSIZH L TRDHRELZOLTLE
50, TEETIE, 0Hz EFIZEPOC—IRUOT AT BELDLDOD, EFRMPLDEF
BT L TREREEEEX TN IEBYR DD, iz, ZOIIRE—IRGT 473
%@%ODJEEE&%@“é:&f&%ﬁ%ﬁT%é(Fjg. 8-30), €-T, EFENLDEFEIZ
BLTIE, FEEOHFIPIRERLIVGENBELEXDTEBTFRIESND,

Fig 8-38 1015, BBEZRELIES, FALORFERSH 100H EHEOHEIT
U CHETHIERADB, £, B TN DR AR L TRE2
BEEZRAZERTERVD, TEETRANLTIRAEEHFRICHL TRERBRENS
BRTWE, #-T, KMOLDRHEFIZEL TR, FEEOFIBRIZBIVLEN-FiEL
52 TVAZERTHIENED,

PELy, BBEORER EERECEERAGOENOF I TILENH
I LRI TE B, ZHLOARE T EL TR +5 KB RSB CER I LA
Fing, SEEOREN BEIOESICHLTREVKENRLE 2N, TN
DARBEAERLAVERLASEREL T, THEN 0 BICBI BBk
ThoHEE X BB, Fig. 8-23-bITRLIEENC, FTEEROEOTRIvZ L ADAABRTIL,
EIRERBARE, FIZH90° bLT 90° Lhies, ZolofimsEoRLiT, TBE

%

DEBERETHIIEILVHIBRERBTHILNTEDH (Fig. 8-24-b), FD=HIZIEE




WIREZROBEAMSLELRY), REMNZLEBLLUIRENED, —F, TEELZEAL:
BUZRIRAL 2D SOHZ SEFIZAE LD T 4o 7 1L, BEREORIREZOREFIEICLVE 7
¥E%E R TEY (Fig. 8-26, Fig. 8-33), TNODRABICIVKETELFEEMEDHD, Fo,
AEICRBTAIEEEOBRAET N, Y= LD TEHIHLTIF 7z P=7 (Bl
F) DD ABAR—RE WAL TDE, REMZERBHIEFEIN TS,
_L)J:%:E’éif_, WEITIE, LOBREMNZRFIEICEL TRIEEZITI.

Frequency responses : total response (from S + S)

B ; admittance of a console's bottom
( tube length / = 0.86m, bottom of a tube; 5;=0)
no tubes
with tubes
==« = - with box; surface 8 = 0 (rigid) ;
= = ~ = with box; surface 8 = 1/pc (a=1) i
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Fig. 8-36  Calculated results of the total response
H( f)y+H,(f)+Hy( f). Gray line; no tubes. Black
line; with tubes. Black dash-dotted line; with com-
parative box (surface 3=0, rigid). Black dashed line;
with comparative box (surface 3=1/pc, absorptive).
The 0dB indicates the level of a direct sound Hy( ).




Frequency responses : from the real source, S

-
o
1

( tube length / = 0.86m, bottom of a tube; 3,=0)

— - — - with box; surface g = 0 (rigid)
- = = = with box; surface 8 = 1/pc (a=1)

B ; admittance of a console’s bottom

no tubes
with tubes
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L e

=TT
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Fig. 8-37  Calculated results of the response from a real source
H( fY+H,(f). Gray line; no tubes. Black line; with
tubes. Black dash-dotted line; with comparative box
(surface (3=0, rigid). Black dashed line; with com-
parative box (surface 3=1/pc, absorptive). The 0dB
indicates the level of a direct sound Hy( /).

Frequency responses : from the imaginary source, S’
B admittance of a console’s bottom
( tube length / = 0.86m, bottom of a tube; 3, =0 )
: no tubes
10 B with tubes
— - — - with box; surface 3 = 0 (rigid) N L
= = = = with box; surface 8 = 1/pc (a=1) \ :
@ 5 L
B, UL
- h LI
5 RGN
5 0 — = 3 T
 p=swne: WIS
= -=~~aib. .y ~ ‘
E 5 -+ Y] { ST L L
N 3 ] )
N / q, ' t 3 4 d
-10 A s A i
<70 Y 1 k .
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Fig. 8-38  Calculated results of the response from an imagi-

nary source H,( f). Gray line; no tubes. Black line;
with tubes. Black dash-dotted line; with compara-
tive box (surfaée (3=0, rigid). Black dashed line;
with comparative box (surface 3=1/pc, absorptive).
The 0dB indicates the level of a direct sound Hy( f).
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8-6. EET I TOHOERBHIDIREE

Example of a practical application of an improving method

T 8.5, T, ERE~OEFICHTARELRELETIALEEL, BREREICLS
&%%%KﬂLT%%%@ﬁé%w%ﬁﬁbto%wﬁ%,%%%%EE#%?%@,%%ﬁ
RUOEFFENPOOEMNDOEFEEICEAL TIFEDOMREB/DIIENTED, RERMEIZEL T
Fi772 S0Hz EBEDO T Ay T OREZEOT Ay MR ELDRZ LRI, BL, 50Hz DT A
FICEAL T, FEEORBREICIVEFOFENRELTHIEND, RENLRECRESNT
%@%&@'ﬁ%&lE@L’C%*ﬁ?ﬁ%ﬁiﬂ\gﬁbébﬂbﬂéo

AE T, BEORIFLLIN—LABRELEEL, BETEEICLS 100H DF (v T DK
EFREICELUTRIEEZITD,

8-6-1. TEEDERIZLDIUR
Effect of a length of the acoustical tube

Fig. 8-39i%, IF v 7/ary—L Type SOEEIML TEEETOEELHRITLZK
Thb, ZITHE, KPOORFE H(f) OPAFEIZHLT, YI7MEERERSNET
AMEXICEFBENEESIN TS, Fig 8-4013F, REBEINATEEO-TEEZRLEZKTH
2, BHILTHHERTHD 100HZ IZHETHE R 86cm (XL T, HARTEDKIHSFD
40cm DERDRBENBEN THOHIENSHSD (Fig. 8-40-a), T, YTMNeFEERIT
215Hz BB BRI L TERESNAZEA TFHIS, BIELENS 100Hz IZIZRITR0,
AETIE, FEFORIPEESHICEZDEEBICBLT, RENREFERRIZE
EL, EOPRERIET D,

sour%e 3. 0m z Mixing console
H()+H(f) ] Type S
10deg I d L.P.

Fig. 8-39  The examined field with a mixing console Type S on the
acoustical tube stand. All admittances of the boundaries
are assumed to be zeros for numerical calculation.




a) Tube depth 0.4m . ' b) Tube depth 0.2m

I

0.68
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Floog © ] N\ Wen "y Floog °
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0.4 ’ . (
o 0.65 50 ] 0.55

Fig. 8-40  Two types of the tube stand for the mixing console Type S. a) depth of
the tube is 0.4m. b) depth of the tube is 0.2m.

Fig. 8-41 ~ Fig. 8-43 (3, FEEORBOABIZLIBFHOE O EHEL-ERETHS,
Fig. 8-24 DAL Hy f)+H (f)+HA ) 2L TIHBY, Fig. 8-42 R\ Fig. 843 IZZhE
NEFESODEFES H()HH(f) RV, BERNLOFE H(f) #ELT\5, ”H, K
ERPEFEEOEVRETOREERLTEY, EERNEE 40cm DEFEELREL-
FEDRRERLTND, E, BBLLT, TEEOEEL 20ecm LL7-54 (Fig. 8-23-b)
DEBERFERE BB TRL TS,

Fig 843 1255%, &HE 0m DEBEZRBELEHERUEE 20cm DB EOTN
ZHUIRLT, RODREF Hy f) DR2ERBA D34 150Hz & U 220Hz 123\ THEL
BlEhd, ZORRIZ, F&k 40cm R R 20cm OFEBEFIZLD, FREFNH 150Hz R UK
220Hz IZTY 7 MR BEBERBPEREN TV DO THIEEZLND, ZOZLE, EED
RERETE, FRO V4 ERLIVLRVEROBRBREIC T/ 7 M EFEERNEHRIND
AREMEDHDILERELTND, £, FEFORBIZLIIDRIT, BREOAERKSSTT
1372<, ¥ 40Hz EFTOLENERICE > T Hy(f) ICEEBE2 52 THBAZLB5H5,

%‘f"‘fﬁ?ﬁ H fYHH()+H( ) IR TS, H(f) ERBRICER S E I CTHFEEICE
DHNRDHER TED (Fig. 8-41), EBEDORBEIZLY, 100Hz IEEDT v 7 B EAMER
CBBIL TV 52, ATE CERRIShRABEDT 17 (Fig. 8-36) IEL RV T A7 TIEARV,
ZDFRER, FEEERBLRVG AT (o7 ORSHRELRY, BB EE&DTEHE
{EBELNTVWD, F-, FEEOERICIPEEBIINIE, BR 40cm B 20cm DHFE
BEORFGELICERRPEDFTLNTOBIEN DB,

EFEPOOFES H(f) ICELTIE, FEERBICIDIEENRDRNIEND, A—TF 4
FOZERERAOLBELL TUIFELVEE 2605 (Fig. 8-42),

UEXY, ZZTRELEZREIZBWLTE, 100Hz D 1/4 BRIVLEWFEE LAV
$ETh, 100H EEDT (971 H T ARENBAIETEDLE 251D,
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Frequency responses : total response (from S + S')

without tube stand
with tube stand; tube depth 0.4m
- —= = = with tube stand; tube depth 0.2m

AR
. N7 ERT
ULy

|

10

Normalized SPL [dB]
o

10 100 1k
frequency [Hz]

Fig. 8-41 Calculated results of the total response
H(fYH\(f)+H,(f). Gray line; without the tube
stand. Black line; with the tube stand of 0.4m
depth. Black dashed line; with the tube stand of
0.2m depth. The 0dB indicates the level of a di-
rect sound Hy( f).
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Frequency responses : from the real source, S

without tube stand
with tube stand; tube depth 0.4m

- — = = with tube stand; tube depth 0.2m

AN

Normalized SPL [dB]
o

-5
-10 U
-15
-20
10 100 1k
frequency [Hz]

Fig. 8-42  Calculated results of the response from a real
source Hy( f)+H,(f). Gray line; without the tube
stand. Black line; with the tube stand of 0.4m
depth. Black dashed line; with the tube stand of
0.2m depth. The 0dB indicates the level of a di-
rect sound Hy( f).

Frequency responses : from the imaginary source, $'
without tube stand
10 with tube stand; tube depth 0.4m
- = = = with tube stand; tube depth 0.2m
g 5
-
&
he 0 o
f TN
«©
g 5 \‘_7)-\- > 1\
; V2
-10 . 1 \ ¥
IR
i -~ 3
-15 h" a8 \"
ML ) !
ot L} I
104 N L
-20 . ’[.'3"'1 N
10 1008 v .
frequency [Hz]
Fig. 8-43  Calculated results of the response from an imagi-

nary source H,( f). Gray line; without the tube
stand. Black line; with the tube stand of 0.4m
depth. Black dashed line; with the tube stand of
0.2m depth. The 0dB indicates the level of a di-
rect sound Hy( f).
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8-6-2. YIMIBEBROERH

Example of the application of the acoustical soft boundary

A 8-6-2. DRIEF RIS, BEMRBRAEZE/LBETIE, XL r/avy—L
THICEBELREBETHIIELY, EEEORENRPF TELIENTRINTE,

AHEITIE, TypeS DIFT 7 ar/—/WZx LT, Fig 8-44-a iR HEE LT, [&F
BERL R AR BELLHEOWENRERIET D, 22T, FEEL, 45cm, 40cm,
35cm, 25cm O 4 BEOERICEVEREINLTEY, =ov=7 (BERE) DR FOAN—2
FERL Vo= ERRREADS, KIGEOLOIELEEREBIN TS, £, IOIRE
EOFRRV V2T BEEF X, FEORKEICKTIEELEFEMERZERTOICH
B THBLERD, ¥, ZITHE, YIMEEERIIDDRLHRETIH0C, Rk
AFEA LSEEOR OTICHY TAEICHL TREEDOER (8,= 1.0/pc) 2EX1-ET
VAT, TRERAZVRDRY, KAHEOSER(8,=0252-€7 V(ULTF, [REFRZS
R IZBEALTHENT 217D (Fig. 8-44-b),

source

S Z Mixing console

\\/ b) Comparative stand

a) Tube stand boudary of B=1/pc , 0 (=1, 0)

103 f’t\ 1,03 s t
L.p . Vr.e.

ﬁk;.Z)

"0

0.68

| =
—— L
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L':ﬁk
360

w
>
\ )
w OE ] =3 o ] =
~m f el N
ol e & s I
Floog ] i 5 |y Floop 5 iy
10.25 (P, 9) 0. (p. O
19, l Q.38 I
0.4 | R
0.45 0.6 0.48 0.6

Fig. 8-44  The practical model of the tube stand and the comparative stands with
the absorption boundary instead of the tubes.




Fig. 8-45 ~ Fig. 8-47 |2, ENENDERMIZBIT I EFRE R 2T, Fig. 8-45 NEHLEr

PE H(S V(S HH(f) KL TEY, Fig 8-46 KU Fig. 847 TN ENEFT RN HDHF
B HfWH(f) RO, EERNLOES H(f) 2RLTOS, BH, REENEEERS
YROEVKETOMEZRLTE), BERNEFEBERASICNERBLEEEGOERET
LTWD, £, B—A#HBRRUEBBRIT, TNETNIFHRZRRORTRY U RERE
L7255 & DB RERL TS,

Fig. 8-47 12 k%L, EBERAFLUNICEDH()DBOHERL, REAZ 2K
FAZURTIEBLILLWV300HZ ICBELTHRESEALTEY, ZOHER, BRER
P H(SYH(fH(f) BT B300Hz DF 4y TREBECH L TEDICEALTNS
(Fig. 8-28), —#, 100Hz DT 4 FHBIZH T B H(S) DBV B, REXZ
NROBRERZVREDLEBERZVFICLBBOFBDR, EORER, RE%kH
Hy fYH(S)+H( ) \ZB1F5 100Hz DT 4 THEBHRICEL TS, REERZR R O
FARAZRINLEEBERAI L ROFIVNEN, ZORIZELTIE, EEOFEE, FICHM
RBREPLELIREDND, BL, RERE—IR0T 4y T OOV EEREL L TRERE
(Fig. 8-45) IR L7- 565, BEBEAZUVFIZIDRA/FE(BER X, RERZVFEY
WEAZURIZE DR (B— SRR VEER) LVDBRWEREE X TWALER T
BTED, F, WTHODOAZARIZEDREED, EFENODHFS H(f)+H (f) XL T
ERELZBEEZTELT, A —TAAOTHEBREICHTIEEBLELL TUIFELINE
Ezbhb,

UEDISI, BAENBRELBELLETATE, FEREORBICIVELD 50Hz i
FEOT 471, B 8-5. ICBITARIEBROIIICHEFIZIIRAET, FEEAL PN
I EEDOREFIELL THERFBRD— O THATENHEREN, -, TBEOEE
DA EDLREITLDNRLEDLND 300H2 IEFEDT 4 T DRES, FBERAIRIZLD
KWEFEIL, TOEROFABIZIVEICHEDORBEILZRIAZEN TELTAEENESNT
BY, TOIORBEAPLLERANTHLHEELZLND, M, BREAFZUFIZBWTE, B
OREEBZIHEIT, BITE 25cm ~ 45cm OERKIZH LT 100Hz HETHRZTE a=1.0
LRBISRREEEERDIENEETHILEDN, FOLOAIBWTUIESLIE
HThorLEbhD,
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Frequency responses : total response (from S + §')

-
Qo

- = = -~ with comparative stand ; 8, = 1/pc

without tube stand
with tube stand
with comparative stand ; 3, =0

[}
L
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-15 i‘l
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Fig. 8-45 Calculated results of the total response

H(f))+H,( f)+H,(f). Gray line; without the
tube stand. Black line; with the tube stand.
Black dash-dotted line; with the stand which has
the same rigid shell. Black dashed line; with the
stand which has the absorption boundary instead
of the tubes. The 0dB indicates the level of a

direct sound Hy( f).



Frequency responses : from the real source, S

_
o

without tube stand

with tube stand

— « — . With comparative stand ; 3; =0

- = = = with comparative stand ; 3, = 1/pc

[4)]

Normalized SPL {dB]
n o

4L
o

-15

10

Fig. 8-46

100 1k
frequency [Hz]
Calculated results of the response from a real source
Hy( f)+H,(f). Gray line; without the tube stand. Black line;
with the tube stand. Black dash-dotted line; with the stand
which has the same rigid shell. Black dashed line; with the
stand which has the absorption boundary instead of the
tubes. The 0dB indicates the level of a direct sound Hy( f).

Frequency.responses : from the imaginary source, S'
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Calculated results of the response from an imaginary source
H,( f). Gray line; without the tube stand. Black line; with’
the tube stand. Black dash-dotted line; with the stand which
has the same rigid shell. Black dashed line; with the stand
which has the absorption boundary instead of the tubes. The
0dB indicates the level of a direct sound Hy( f).
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Fig. 8-48  Spatial distributions of the sound pressure level at 100Hz. a) without
the tube stand. b) with the tube stand. The 0dB indicates the level of a
direct sound Hy( f).
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Fig. 8-49  Sound intensity flows at 100Hz. a) without the tube stand. b) with

the tube stand. The source is located at the 3.0m distance from the
L.P. with the elevation angle of a 10degree. The background’s gray
lines indicate the contour lines of sound pressure levels at 3dB inter-
vals.
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Fig. 8-50  1/3 octave band responses. White bar; without the tube stand. Gray bar;
with the tube stand.
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Phase difference from direct sound Hy(f): final response (from S + S')
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Fig. 8-51  Phase differences from the direct sound Hy( f).
The dashed line; without tube stand. The solid
line; with tube stand.
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