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Analysis of Sound Fields within Rectangular Enclosures
by the Image Method with Incidence
Angle Taken into Consideration

Naoki Taracl, Yasuhiro YAMASHITA
and Masayuki MATSUI

An equation containing the oblique incidence absorption coefficent as a variable
was derived in accord with the image method, and used for a deduction with respect
to the reflection degree. First, to obtain values of the absorption coeficient, the incidence
angle at each relfection wall was obtained by using the locations of image source and
receiver and the equation of the reflection wall, the absorption coeflicient for the
incidence angle obtained being used for the calculation. Second, the distribution of
incidence angles was considered in connection with the reflection degree. Third, a consi-
deration was paid in regard to the effect, on the incidence angle distribution, of the
reflection degree, the sound source and receiver locations, and the room form. Fourth,
reflection parameter t was defined by dividing a reflection wall into three sets of
opposite reflection sections and used to obtain the expected value and standard deviation
for incidence angles at higher reflection degrees. Finally, a use of all the information
obtained allowed the image method, with the effect of incidence angle taken into account,
to extend its treatable reflection degrees to infinity under statistical treatment.
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Fig. 1 Random incidence and oblique incidence.

3. HOAHRER
FREAER ] 0o AHA 0, THREL LOBERECAHTIHEARE LS. BR
EHOTMOFERHEELL, MFERESHEELWL. #
> TAHE, R§E BREFEOEERThTHh P,
Pr Pn Pt’ *.‘i?‘ﬁ&% Uiy Upy Uy %E%%ﬂ%‘h 01:»
z Pi + P = Pc <1>

v; cos 6; — v, cos 0, = v, cos b, (2)

¥ Zy ZywBE],I0EE1ve—gvALl,
AHABERHEARE LG ETRE, UToBEGRRES

°t na.
Pt cos 0, cos @
L(P,— P) = L(P; + P,
Fig. 2 Incidence and reflection. Z, ( ) Z, Pe+ P (3)



EIAZER DO ASBE O ELE R AN EGRET X 55 73

(cos 0, cos 0‘)P _ (cos a; cos b,
Z Z, f

s )P, (4)
BFERMFREEZ rp &35 &, KR40 0 7, 3UTOX 515

P, Z,cos0,— Z,cos 0, (5)
P, Z,cos0; + Z, cosé,

FEo TAS KT 2 HEFECORERI,

¥p =

Z,cos b, — Z, cosb, |? (6)
Z,cosl; + Z,cosd,

aotzl“‘{rplz:l_

CCTAHFOFEC I - THRMNHONFEENFRCEERFRICOLAETD &\
5EE BWERORE) #5125, Rkt 0, =01k, Z, 2BZ0( v -4
VA OC, Zy kB OBESFEAVE-AVAZCEERL, AHAY0LTHLUTD
AiELRA.

_ Zcosf — pc |?
=l st oc (1)
FLBEA /- AV ARREHTCH S,
R X .
2=t =i (8)
P TRER a, 3T 5.
47 cos @
“ I (9

= (ricos@ + 1)2+ (x1 cosf)?

DEDX5EBERAOREY S22 122, RDAHFEER o 3 FEH S v E—
L ADERE, BEBBICAHAOCIVRETEDL LTS,

TBEA V- XV ARETAERII R, —MOMBR VT OL Lo .
=Tt M. E. Delany & E. N. Bazley B&FLEM B DOWCDERIC X b RDAD
ToRA2Ho CHETEED 5.

-%}=r1=1+9ﬁq%ﬁw“
X oo 10
?;=x1=—1L%?j

Zoc S AEi (Hz), R ihiER (cgs unit) ThH 5,
FADEZRUDERATIEASEB I I ARDAHEEFRNEKED. chE2R 3R
T, FELERTELEICH T 5 BEFORFRY BWEIL 2000Hz wonwTRT. H569
BHE Bb—RCFERES AT HHET, AHACH LTSS LR EERSY



74 RARER - IR - A B=

HMEBER o, LFORPRIERTRT.
K% B2 & ad ASREZRZRNIBIA/D
BB ER AR ERETHY, i
REHDKREL DL 0T LD, X5
CIHABRIC X V&S S, £F L LTEA
B0 B HOOERE ¥ TR AL
Lizuhion L ofEm 2 Re, A
AIVEEENDABIKREL LY, SSER
0 TR0 30 46 50 85 7o so so ETHEAMER DL, *IibRmBucEd

L o= 1,000

ABSORPTION COEFFICIENT

o =20,000

INCIDENCE ANGLE (DEG) TEEENDMD. 2O ENDALEE
FREQUENCY 4000  (H2) . 5
Index; s gg,0 = 4o mm-—mmem ag,0 = 1,000 7536()):5@&% VC\D}%%QIQEV\: J: Z)%%Eki
PR — Gg,0 = ag,0 =20,000 - -
o Hipng, AR TR EOBAIXAS
Fig. 3 Oblique incidence absorption R DMENR TR kS S TH D Ly

coefficient «,

Pb.
4. FOAHRERZAALLERE

I THBEEFRECHD AR ER L RAT 5 ERDRMAC W TRT. B4R
TLORHFR S, Yo, 2, RER RX,, Y, Z) L35, CZTERERS »5E
BORHE~NDAGA I 2RDS. FEOFBAL TR TRLERS.

ax + by + cz + d=0 an

S'(Xs',Ys',25)

S(F(S,YS, 3 I
j %L___§EZUJL_
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Table 1 Coefficients @, b, ¢ and d

Wall No. Equation a b ¢ d
1 2=ZH 0 0 1 —-ZH
2 y=20 0 1 0 0
3 y=YH 0 1 0 - YH
4 x=0 1 0 0 0
5 x=XH 1 0 0 - XH
6 z2=10 0 0 1 0
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Fig. 5 Difference in the distribution of incidence angle between different
reflection degrees.
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Table 2 Expected value and standard deviation of oblique incidence at the
17th. reflection degrees. (sum for 6 reflection walls)

No. Room dimensions Sound source Observer position | E.V. m, | S.D. ¢
26.0, 25.0, 25.0 51.32 12.55
1 50.0, 50.0, 50.0 25.0, 25.0, 25.0 28.0, 25.0, 25.0 51.36 12.56
48.0, 25.0, 25.0 51,36 12. 64
3.0, 10.0, 2.0 52.91 18.98
2 30.0, 25.0, 10.0 2.0, 10,0, 2.0 10,0, 10.0, 2.0 52.94 18,95
28.0, 10.0, 2.0 52.97 18.99
3.0, 5.0, 1.0 56. 08 30.62
3 40.0, 10.0, 4.0 2.0, 5.0, 1o 20.0, 5.0, 1.0 56. 09 30. 60
38.0, 5.0, 1.0 56, 07 30. 60
3.0, 20.0, 1.0 55. 86 25,15
4 45,0, 45.0, 3.0 2.0, 20.0, L0 20.0, 20.0, 1.0 55,84 25.08
40.0, 20.0, 1.0 55, 85 25.14
3.0, 50, 0.5 57.83 34,31
5 50.0, 10.0, 1.0 2.0, 5.0, 0.5 25.0, 5.0, 0.5 57.86 34.26
48.0, 5.0, 0.5 57.85 34.26
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Fig. 7 Distribution of incidence angle
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Expected Value m, ; 52.97 (deg)
Standard Deviation ¢; 18,99 (deg)
Dimensions of Room
30.00 x 25,00 x 10.00 (m)

Fig. 8 Distribution of incidence angle.
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Fig. 9 Distribution of incidence angle.
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Table 3 Expected value and standard deviation of obligue incidence at the
17th reflection degrees. (for 6 reflection Walls)

Room Dimensions| Sound Source |[Observer Positions; Wall [Sygg] ¢ [Deg]
x=0 51,24 1 12.61

x=XH | 51.61| 12.80

1 50, 50, 50 25 25 25 48 25 95 y=0 51.32 | 12.62
o C n y=YH | 51.32| 12.62

z=0 51.34 | 12.61

z=Z2H 51.33 | 12.61

x=0 39.03( 13.96

x=XH | 39.04| 13.96

2 30, 25, 10 2 10, 2 28 10, 2 y=20 47.22 1 14.30
o o C y=YH | 47.05| 14.22

z=10 72.87 8.01

z=ZH 72.62 7.96

x=0 11.35 7.40

x=XH | 1.3 7.40

3 50, 10, 1 2 5 0.5 48 5 0.5 y=0 73.82 ) 10.76
Y C » 2 Py ym | 73.82| 10.76

z2=10 88.39 1.23

z=Z2ZH 88.39 1.23
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