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APPENDIX A

DATA OF PHASE ANGLE 
IN

BAND PASS CONSTANT 9 0  DEGREES PHASE SHIFT CIRCUIT



The Phase Angles o f Phase S h if t  Network Whose f 01 = 743 Ha , Q(= 0.2405612

f Ha
f o i  743 
f  = f

f  f
f 01 743

f01_ f 
~  =

J S

=2tanQ(M * *
50 14*8600 0.0672947 14.792706 148,

%
60

60 12.383330 0.0807537 12.302577 142. 66
70 10.614285 0.0942126 10.519773 136.87
80 9.287550 0.1076716 9.1798284 131.27
90 8.255555 0,1211306 8.1344245 125.86

100 7.430000 0.1345895 7.2954105 120. 65
200 3.715000 0.2691790 3.445821 79, 31
300 2.476666 0.4037685 2.0728981 53.00
400 1.857500 0.5383580 1.3191420 35. 21
500 1.4460UO 0.6789476 0.8190525 22*19
600 1.238333 0.8075350 0.4307963 11.83
700 1.061428 0.9421265 0,1193020 3*28
800 0.928750 1*0767160 -0*1479660 -4 .0 7
900 0.325550 1.2113055 -0*3857500 -1 0 .6 0

1000 0.743000 1.345895 -0,6028950 -1 6 .5 0
2000 0.371500 2*691790 -2.3202900 -58 . 33
3000 0.247666 4.037685 -3.7900184 -8 4 .7 1
4000 0.185750 5.383580 -5.1978300 -102*69
5000 0*148600 6.7294751 -6*580875 -115*44
6000 0.123833 8.0753701 -7.9515368 -124*80
7000 ÛV106142 9.4212651 -9*3151223 -131. 90
8000 0.092870 10v7«716 -10*66873 -137 .42
9000 0.082555 12.113055 -11*287505 -139, 56

10000 0.074300 13*458950 -13.384615 -145. 49
20000 0*037150 26.917900 -26*38075 -162.41

Angles' are in  degrees*



The Constant Phase S h i f t  Network Whose f  g 743 Ha, f  02 ร 3700 H», Q a 0.245612

f Hz f  ~ f
f  f  
f 0 2 S ? ^ 0

f 02 f  
* f 02

Phase i 
^=2tanQ

Ingle
f * r  ไ
f  fît

Phased ifferenc
A -

50' 74.0 0.0135135 73.986487 173. l 24.96
60 61.666666 0*0162162 61.650450 172* 28 29.62
70 52*837142 0.0189189 52.838224 171.00 34.13
80 46*250000 0.0216216 46.228379 169. 72 38.45
90 41*111111 0.0243243 41*086787 168. 44 42*58

100 37.00000 0.027027 36.972973 167. 17 46.52
200 18.5 0*054054 18.445946 154. 60 75.29
300 12.33333 0.081081 12*252252 142. 51 89.51
400 9.25 0.1081081 9.1418919 131.09 95.88
500 7 .4 0.1351351 7.2648649 120.44 98.31
600 6*166666 Q.1621621 6.0045045 110. 60 98*77
700 5*2857142 0.1891891 5.0965251 101. 59 98*31
800 4.625 0.2162162 4.4087838 93. 36 97.43
900 4.11111 0.2432432 3,8678679 85. 87 96.47

1000 3.7 0.2702702 3*4297298 79.04 95*54
2000 1.85 0.5405405 1.309495 34. 96 93.29
3000 1.23333 0*8108108 0.4225225 11. 60 96.31
4000 0*925 1*081081 -0.156081 - 4 . 30 98.38
5000' 0 .74 1.3513513 -Oi 6113513 -1 6 . 73 98.70
6000 0.516666 1.6216216 -1.0049550 •*27,18 97.61
7000 0.5285714 1,8918918 -1.3633204 -36* 31 95.58
8000 0.4625 2.1621621 -1.6996621 —44*47 92.94
9000 0.411111 2.4324324 -2.0213213 -51 .86 87.69

10000 0.37 2.7027027 -2.3327027 -5 8 . 59 86*89
20000 0.185 5.4054054 -5.2204054 ๐ to 194 59*46

Angle! are in  degrees*



The Constant Phase S h if t  Network Whose = 743 Ha, fp.9 ะร 3500 H i, Q ร 0.2405612,

f Hz
f 02 3500 
f  = f

f  f  
f 02 ~ 3500

JL~~*oT
Phase Ax
j^=2tanQ

lg le
%  f '
f ___£_

Phase
iifferen o*A- 0 ,

50 70.0 0.0142857 69.985715 173.20 24.60
60 58.333333 0.0171428 58.316191 171.84 29.18
70 50.0 0.02 49.98 170.49 33.62
80 43.75 0.0228571 43.727143 169.]L3 37.86
90 38.88883) 0.0257142 38.863174 167.78 41.92

100 35.0 0.0285714 34.971429 166.414 45.79
200 17.5 0.0571428 170442858 153.19 73.88)
300 11.66666 0.0857142 11,580952 140.50 87.50
400 8.75 0.1142857 8.6357143 128.59 93.37
500 7.0 0.1428571 6.8571429 117.54 95.41
600 5.833333 0.17114285 5.1190483 101.84 90.01
700 5.0 0 ,2 4.8 98.21 94.93
800 4.3750 0.2285714 4.1464286 89.85 93.92
900 3.88883 0.2571428 3.6317452 82.28 92.88

1000 3.5 0.2857142 3.2142858 75.42 91.82
2000 1.75 0.5714285 1.1785715 31.65 89.98
3000 1.166666 0.8571428 0.3095238 8.51 93.22
4000 0.87500 1.1428571 -0.267871 -7 .3 7 95.31
5000 0 .7 1.4285714 -0.7285714 -19 .88 95.55
6000 0.583333 1.7142857 -1.1309524 -3 0 .4 3 94.36
7000 0 .5 2.0 -1 .5 -39 .68 92.21
8000 0.4375 2.2857142 -1.8482142 -47 .9 4 89.47
9000 0.38888 2.5714285 -2.1825397 -55 .40 84.15

10000 0.35 2.8571428 -2.5071428 -62.19 83.29
20000 0.175 5.7142857 -5.5392857 -106.22 54.18

Angles are in  degrees*



The Discrepancy o f The Approximation Phase Angle Equation

f Ha
f  f  

In—  ะร In—
*01 74

f
0  ะ» -4Qln -

f  f m
0 1» 2tarl Q f s i . L

r ' ~ 0

Discrepancy
1

50 -2*69873 143*76 148.60
*  /

-5 .1 6
60 -2.516351 138.73 142.66 -3 .9 3
70' -2.362201 130.23 136*87 —6.64
80 -2.228669 122.87 131.27 -8 .4 0
90 -2*110889 116.38 125.86 -9 .4 8

100 -2.005526 110*55 120*65 -10 .10
200 -1.312379 72.34 79.31 -6 .9 7
300; -0.906913 49.99' 53*00 -3 .0 1
400 -0.619231 34.13 35.21 -1*08
500 -0.396088 21.83 22.13 -0*30
600 -0*213766 11 *78 11.83 -0*05
700 -0.059616 3.28 3,28 0 .0
800 0.073916 -4 .0 7 -4 .0 7 0*0
900 0.191699 -10 .56 -10 .60 -0 .0 4

1000 0.297059 -16 .37 -1 6 .5 0 -0 .1 3
2000 0.990206 -54.58 -58 .38 -3*75
3000 1.395672 -76 .9 3 -84 .71 -7 .7 8
4000 1.683354 -92 .79 -102.69 -9 .9 0
5000 1.906497 -105.09 -115.44 -10 .35
6000' 2*088819 -115.15 -124.80 -9 .6 5
7000 2.242969 -123.64 -131 ,90 —8*26
8000 2.376501 -131 .00 -137.42 -6 .4 2
9000 2.494284 -137.50 -139.56 -2 .0 6

10003 2.599644 -143.31 -145.49 -2 .1 8
20000 3.292791 -181952 -162.41 ♦ 19. น

Angles are in  degrees* f Qÿ ะ'743 Ha » 0=0.2405612



The Discrepancy o f The Approximation Phase Angife Equation in  Phase S h if t  Network

f H*
1 ,1 Z z  11เ3™ - 4Q - f&2 ร* 2tan Qin Discrepancy

50 -4.304066 237.27 173.56 63.71
60 -4.121745 227.21 172.28 54.93
70 -3.967594 218.72 171.00 47.72
80 -3.834063 211.36 169.72 41.64
90 -3.71628 204.86 168.44 36.42
100 -3.610919 199.05 167.17 31.88
200 -2.917771 160.84 154.60 6.24
300 -2.512306 138.49 142.51 —4,02
400 —2*224624 122.63 131.09 -8 .4 6
500 -2.00148 110.33 120.44 -10 .11
600 -1.819159 100.28 110.60 -1 0 .3 2
700 -1.665008 91.78 101.59 -9 .8 1
800 -1.531477 84.42 93.36 —8*93
900 -1.413694 77.93 85.87 -7 .9 3
1000 -1.308334 72.12 79.04 -6 .9 1
2000 -0.615185 33.91 34.96 -1 .0 4
3000 -0.20972 11.56 11.60 -0 .0 3
4000 0.077961 -4 .29 -4 .3 0 0.01
5003 0.301105 -16 .5 9 -16 .73 0.13
6000 0.483426 -26 .64 -27 .18 0.53
7003 0.637577 -35 .14 -36.31 1.16
8000 0.771108 -42 .5 0 -44.47 1.96
9000 0.888891 -4 9 .OQ -51 .86 2.85
10000 0.994252 -54 .81 -58.59 3.77
20000 1.6874 —93.02 -102.94 9.91

Angles are in  degrees* f 02-3700 Hz , 0= 0.2405612



A-7
The Discrepancy of The Approximation Phase Angle Equation 1n Phl«e S h if t Network

f Hz ?Q2= l n 350C

f
y  ะร -4Q  I n  -

f 0 ะ
j^=2tan Q
1

\  i  1
. f

D is c re p a n c y

50 —4 .2 4 8 4 9 6 2 3 4 .2 0 1 7 3 .2 0 6 1 .0 0

60 -4 .0 6 6 1 7 7 2 2 4 .1 5 1 7 1 .8 4 5 2 .3 1

70 . -3 .9 1 2 0 2 3 2 1 5 .6 5 1 7 0 .4 9 4 5 .1 6

80 -3 .7 7 8 4 9 4 2 0 8 .2 9 1 6 9 .1 3 39*16

9 0 -3 .6 6 0 7 1 2 2 0 1 .8 0 167*78 3 4 .0 2

100 -3 .5 5 5 3 5 1 9 5 .9 9 1 6 6 .4 4 2 9 .5 5

200 —2*862201 1 5 7 .7 8 1 5 3 .1 9 4 .5 9

300 -2 .4 5 6 7 3 6 1 3 5 .4 3 1 4 0 .5 0 - 5 .0 7

400 ' -2 .1 6 9 0 5 4 1 1 9 .5 7 1 2 8 .5 9 - 9 .0 2

500 -1 .9 4 5 9 1 1 1 0 7 .2 7 1 1 7 .5 4 - 1 0 .2 7

600 -1 .7 6 3 5 8 9 9 7 .2 2 1 0 1 .8 4 - 4 .6 2

700 -1 .6 0 9 4 3 8 88* 72 9 8 .2 1 - 9 .4 9

800 -1 .4 7 5 9 0 7 8 1 .3 6 8 9 .3 5 —8 .4 9

9 00 -1 .3 5 8 1 2 4 7 4 .8 6 8 2 .2 8 - 7 .4 2

1000 -1 .2 5 2 7 6 4 6 9 .0 6 7 5 .4 2 —6 »36

2000 -0 .5 5 9 6 1 6 3 0 .8 4 3 1 .6 5 —0 .8 1

300 0 -0 .1 5 4 1 5 1 8 .4 9 8 .5 1 —0 .0 2

4000 0 .1 3 3 5 3 1 - 7 .3 6 - 7 .3 7 0 .0 1

5000 0 .3 5 6 6 7 5 - 1 9 .6 6 - 1 9 .8 8 ♦ 0.22

6000 0 .5 3 8 9 9 6 - 2 9 .7 1 « 3 0 .4 3 + 0 .7 2

7000 0 .6 9 3 2 4 7 - 3 8 .2 1 - 3 9 .6 8 ♦ 1.47

8000 0 .8 2 6 6 7 8 —4 5 .5 7 - 4 7 .9 4 ♦ 2.37

9000 0 .9 4 4 4 6 1 - 5 2 .0 6 - 5 5 .4 0 ♦ 3.34

10000 1 .0 4 9 8 2 1 - 5 7 .8 7 -6 2 .1 9 ♦ 4.32

20000
________________ 1 .7 4 2 9 6 9 - 9 6 .0 8 - 1 0 6 .2 2 ♦ 10.14

A ng les a r e  i n  d e g re e s  * f  = 3500 Hz ,  Q ะะ 0 .2 4 0 5 6 1 202



APPENDIX B

The Reverberation Time Data



R e v e rb e ra tio n  Time

R everberation  tim e i s  defined  as the time th a t  would be 
req u ired  fo r  the ro o t mean square sound p ressu re  le v e l  o f  an en c lo su re , 
o r ig in a l ly  in  a steady  s t a t e ,  to  decrease 60 dB a f t e r  the  source i s  
shut o f f ,  th e  re v e rb e ra tio n  time can be c a lc u la te d  by S ab ine1ร formula [ l ]

= 0 .05 v»l
รน SA

Tgw i s  the  re v e rb e ra tio n  time in  seconds a t  512 Ha 
Vo! i s  the room volume in  GÜ, f t ,
ร i s  the  t o t a l  su rface  a rea  in  sq f t
A i s  the  average ab so rp tio n  c o e f f ic ie n t

The re v e rb e ra tio n  tim e w i l l  in c rea se  a s  th e  frequency decrease 
w ith  the percentage shown in  the d a ta .



R e v e rb e ra tio n  Time o f Room I

Place The Siam Film Development Recording studio
Volume VI = 12900 f t 3
Surface a re a s  ร = 4000 f t 2
Absorption C o e ffic ie n t A = 0.24
The re v e rb e ra tio n  time T60=

0.05 V.1 
SA

= 0.66 second a t  512 Hz

f  Hz ร T60 T60 second

200 124 0.81
300 112 0.73
400 106 0.69
500 100 0.66
600 97 0.64
700 96 0.63
800 94.5 0.62
900 94 0.62

1000 93.5 0.61
2000 93 0.61
3000 92 0.60
4000 91 0.60
5000 90 0.59
6000 88 0.58
7000 84 0.55
8000 82 0.54
9000 73 0.51

10000 .73
— — —  ■ ■ 1 1,

0.48
_________________________________________



Rever b e r a t io n  Time o f  Room I I

Place The Lecture Room in  the  E le c t r ic a l  Engineering
Department

Volume Vo! = 8500 f t 3
Surface a rea s ร = 2800 f t 2
A bsorption C o e ffic ie n t A = 0.08
The re v e rb e ra tio n time IIo 0.05  Vo5 

SA
= 1.91 second a t  512 Hz

f  Hz ท 0 T,-. . se c o n d  OU

200 124 2.36

300 112 2.13
400 106 2.02

'̂ก ๐ ๐ 100 1.91
600 97 1.85
700 96 1.83
800 94.5 1.80
900 94 1.79

1000 93.5 1.78
2000 93 1.77
3000 92 1.75
4000 91 1.73
5000 90 1.71
6000 88 1.68
7000 84 1.60
8000 82 1.56
9000 78 1.48

10000 73 1.39



The D eta il e f  C alculation

APPENDIX c .

o f  t h e  P h a s e  A ngle



B-6

The P h a se  A ngle When The T r a n s fe r  F u n c t io n  I s  In  Ehe Jforrn
1+JA 
l - j  A

Vo .  1 + jA
V i 1 -  jA

Vo -  ,1.,.,tJA  . L ± J A
V i ใ -  jA 1 + jA

Vo -  1 -  A2 + , 1 2 A

V i 1 + A2

Vo -  1 -  A2 j  2A
V i 1 + A2 1 + A2

i

t h e n t a n  8

a

2 ta n  ”
1 «  t a n 2 9  

2
t a n  -

2
A
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