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ABSTRACT

The Butterworth filter is normally realized by
cascading second order blocks. The MURROMAF filter uses
multiple~real-root polyﬁ;mial aiming at realization by third
order blocks. In comparision with the Butterworth filter,
MURROMAF use operation amplifier less then Buterworth.

The higher order filter has high Q-factor yielding
high sensitivity and is very difficult to be realizable.
The redgction of Q-factor can be achieved by using
multiple-critical-pole polynomial.

This thesis describes techniques to obtain three
classes of multiple-real-pole/multiple-critical-pole filter.
The first one has equiripple in the passband while the
second one exhibits the transitional characteristics
between the maximally flat type and the equiripple type.
Finally, the maximally flat +type with sharp cutoff is
achieved which has a better result than that of Wei and

Chine [91].
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n=4 u = 1 u, =2

”z “r Qr »oc ro “0 i Qo i

o 1.117395 0.5 1.003718 1.726414 1.038659 0.645720
1.5 1.254833 0.5, 1.023419 2.159658 1.18518% 0.704816
1.4 1.284030 0.5 1.028018 2.294202 1.222811 0.718884
1, 1.326354 0.5 1.034336 2.528822 1.281587 0.740268
1.2 1.394493 0.5 1.042610 3.023868 1.387461 0.777007
1.1 1.532341 0.5 1.047638 4.774975 1.849018 0.855782

n=4 u =2 u. =2

“z “r Qr “uc ro »01 QOI.

@ 1.030153 0.5 1.091714 1.449460 0.932772 0.610852
1.5 1.100885 0.5 1.108766 1.741827 1.024896 0.632349
1.4 1.114129 0.5 1.111855 1.827404 1.045132 0.835939
1.3 1.132458 0.5 1.120214 1.972237 1.074524 0.640598
1.2 1.160125 0.5 1.135695 2.278520 1.121837 0.848918
1.1 1.210794 0.5 1.172086 3.626616 1.215069 0.856372

n=4 u =3 u =

“_‘ “r Qr “o: ro “Ol Ql)l

oo 0.985933 0.5 1.155986 1.306563 0.8783680 0.595862
1.5 1.033605 0.5 1.171852‘ 1.527292 0.944539 0.607891
1.4 1.042524 0. 1.178737 1.589861 0.958640 0.809734
1.3 1.055282 0.5 1.191185 1.695392 0.979527 0.612158
1.2 1.076351 0.5 1.218174 1.924508 1.015477 0.615722
1.1 1.128549 0.5 1.311797 3.554847 1.109418 0.623812

n=6 u = 1 u =3

"3: “l' Qr “uc Quc “Oi QOI

@ 1.168293 0.5 1.002436 2.448789 1.023462 0.882200
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1.077438 0.579855
1.5 1.265769 0.5 1.010501 2.886240 1.083908 0.951272
1.201337 0.599019
1.4 1.284678 0.5 1.012846 3.020880 1.100658 0.972832
1.230491 0.802304
1.3 1.311327 0.5 1.016430 3.249668 1.127031 1.005529
1.273868 0.606623
1.2 1.352677 0.5 1.022174 3.721906 1.174370 1.061666
1.345818 0.612599
1.1 1.431908 0.5 1.030338 5.283011 1.287825 1.186828
1.496589 0.821872
=6 u, =2 u, =3
0_ ®_ Q. LI Q,. Wy, Q,,
) 1.077027 0.5 1.064776 1.971070 0.940559 0.781347
0.950169 0.585062
1.5 1.133965 0.5 1.069448 2.272590 0.990227" 0.821543
] 1.026508 0.573818
1.4 1.144173 0.5 1.071575 2.361082 1.002166 0.828926
1.042323° 0.575061
1.3 1.158097 0.5 1.075355 2.508284 1.019864 0.838738
1.084729 0.576589
1.2 1.178700 0.5 1.083003 2.804289 1.048789 0.852384
1.099413 0.578508
1.1 1.215284 0.5 1.102849 3.807110 1.108753 0.873152
1.164598 0.581080
= 6 u, =3 A =
0 " Q. LI Q,_ 0y, Q.
@ 1.025925 0.5 1.112114 1.723851 }-0.880959 0.557459
“ 0.892645 0.743935
1.5 1.065934 0.5 1.116433 1.954147 0.932935 0.768263
0.935808 0.562742
1.4 1.072963 0.5 1.119178 2.019564 0.941999 0,.772232
0.946657 0.583443




1.3

1.2

1.1

1.0828653

1.097647

1.129741

1.124493%

1.136657

1.177882

2.127243

2.342885

3.187407

0.955328
0.962068
0.977526
0.986767
1.029138
1.042019

0.777383
0.564302
0.784579
0.565423
0.797791
0.567315
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1.5

1.4

1.3

1.2

+1.197408

1.273281

1.287327

1.306872

1.338717

1.392601

0.5

0.5

0.5

0.5

005

1.001628

1.005728

1.007075

1.009283

1.013138

1.020313

3.169333

3.609854

3.746002

3.976238

4.444474

5.927883

1.015215
1.108343
1.046235
1.046758
1.113979
1.211001
1.056279
1.233661
1.131288
1.071584
1.157450
1.268573
1.099583
1.201436
1.319427
1.167138
1.293918
1.424998

1.090841
0.553354
0.698897
1.196437
0.733305
0.562470
1.223034
0.563798
0.739721
1.263649
0.748315
0.565453
1.333723
0.780450
0.567598
1.491455
0.779591
0.570644

QOl

1.5

1.108945

1.157043

0.5

0.5

1.050055

©1.051610

2.487388

2.793639

0.947696
0.978307
0.943258
0.978241
0.992350

0.963274
0.545212
0.665318
1.016674
0.682970




1.4

1.3

1.2

1.1

1.165464

1.176868

1.1935686

1.222701

0.5

0.5

0.5

0.5

1.052638

1.054816

1.058979

1.071462

2.884653

3.035735

3.334854

4.262913

1.044140
.0.986208
1.003356
1.057354
0.998295
1.075856
1.019208
1.018559
1.104026
1.044098
1.060127
1.155596
1.091165

0.550024
1.027352
0.685728
0.550651
1.041905
0.551400
0.689172
1.082734
0.552308
0.693574
1.095345
0.553456
0.699502
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1.5

1.4

1.3

1.2

1.1

1.056121

1.091154

1.097136

1.105238

1.117328

1.141125

0.5

0.5

0.5

0.5

0.5

0.5

1.087790

1.088691

1.089947

1.092617

1.099216

1.122631

2.134999

2.370499

2.438412

2.549756

2.767327

3.469096

0.908041
0.883082

0.903704

0.933064
0.921388
0.951940
0.939560
0.929429
0.961175
0.949208
0.974036
0.940879
0.965210
0.993859
0.958955
1.000631
0.996862
1.034459

0.902120
0.647170
0.540551
0.936197
0.858444
0.543640
0.942215
0.660055
0.544021
0.950099
0.544472
0.662032
0.961024
0.545026
0.6684560
0.979414
0.668407
0.545832




oc

oL

Qox

1.5

1.4

1.3

1.2 .

1.1

1.216450 0.5

1.27E8677 0.5

1.289869 0.5

1.305330 0.5

1.328724 0.5

1.371976 0.5

1.001145

1.003519

1.004363

1.005789

1.008488

1.014290

3.888874

4.331351

4.468930

4.701387

5.171198

6.622705

1.323860
0.829010
0.632520
0.539390
1.439880
0.874220
0.650069
0.544640
1.470214
0.883327
0.652859
0.545334
1.516975
0.895775
0.656391
0.546175
1.598353
0.913743
0.661026
0.547228
1.782903
0.9428862
0.548856
0.667647

oc

L2~

9,,

1.5

1.132383 0.5

1.174191 0.5

1.040792 3.000381

1.041189 3.309323

1.149250
0.614205
0.534253
0.776158
0.801111
0.537307




1.4

1.3

1.2

1.1

1.181404

1.191132

1.205292

1.229737

0.5

0.5

0.5

0.5

1.041719

1.042833

1.045519

1.053982

3.402269

3.556781

3.861451

4.770439

1.005832
0.974039
0.986647
1.015748
1.074899
0.979732
0.988556

©1.090837

0.998689
1.029812
1.003732
1.051479
1.017954
1.114875
1.035752
1.091373
1.054914
1.158207

0.624181
1.212388
0.805357
0.625596
0.537683
1.225900
1.244734
0.538125
0.810777
0.627313
1.272463
0.629420
0.817852
0.538848
1.317249
0.632101
0.827509
0.539289
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QOI

1.5

1.4

1.3

1.079804

1.111187

1.116445

1.123522

0.5

0.5

0.5

0.5

1.072255

1.071946

&

1.072544

1.073982

2.542079

2.780650

2.850493

2.965202

0.918976
0.894788
0.928764
0.891349
0.938255
0.930891
0.919644
0.972336
0.941177
0.937968
0.925970
0.980542
0.948590
0.948154
0.935062
0.991841

1.0683779
0.603325
0.531087
0.748787
1.105855
0.610010
0.763349
0.533145
1.113591
0.610897
0.765909
0.533387
1.1241686
0.61195¢
0.769091
0.533669




1.2

1.1

1.133871

1.153156

0.5

0.5

1.077900

1.092843

3.187706

3.855238

0.980993
0.983780
1.008874
0.949429
0.987908
0.994533
0.978584
1.041823

1.138940
0.613245
0.534003
0.773156
1.162919
0.615014
0.779034
0.534447
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oc

.

1.5

1.4

1.3

1.2

1.1

1.229951

1.282754

1.292065

1.304854

1.324117

1.359434

0.5

0.5

0.5

0.5

0.5

0.5

1.000848

1.002343

1.002908

1.003885

1.005831

1.010489

4.807791

5.051478

5.190218

5.424768

5.897764

7.337141

1.007764
1.022417
1.085847
1.152815
1.046868
1.019809
1.090890
1.050184
1.145353
1.2728492
1.023958
1.244074
1.102143
1.158811
1.058428
1.030919
1.118951
1.266200
1.178287
1.071397
1.0443186
1.209361
1.146683
1.300835
1.094189
1.078214

1.558983

0.963960

0.597368
0.530895
0.720980
1.682038
0.745305
1.017098
0.607829
0.534279
1.715249
0.534698
0.749495
0.609331
1.028522
1.786985
0.754897
0.535198
0.611179
1.044455
1.857865
0.813507
0.762079
0.535808
1.087945
2.085788




1.367408
1.202912
1.270218
1.144072

0.5368617
0.772447
0.616690
1.106629
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1.5

1.4

1.3

1.2

1.1

1.150485

1.187520

1.193848

1.202364

1.214715

1.,235885

0.5

0.5

0.5

0.5

0.5

0.5

1.034429

1.034350

1.034625

1.035279

-
-

1.037009

1.043018

3.511144

3.821650

3.918087

4.073413

4.383652

5.291964

0.958483
0.978526
0.947539
0.954499
1.029155
0.972928
0.988608
1.021464
0.972262
1.081534
0.977177
0.9984386
0.978630
1.091705
1.030439
0.983897
1.007712
0.988150
1.105793
1.043068
0.995738
1.126915
1.025333
1.003694
1.062303
1.021453
1.058098
1.097165
1.1684595
1.034060

1.337056
0.585869
0.891663
0.692139
0.527366
1.407624
0.706681
0.592285
0.922589
0.529478
1.423568
0.708911
0.928250
0.529728
0.593138
1.446230
0.711664
0.935630
0.530018
0.594155
1.480462
0.530357
0.715098
0.945485
0.595374

1.537574 |

0.719508
0.596875
0.530763
0.959210




oG

.

1.5

1.4

1.3

1.2

1.1

1.098957

1.127439

1.132191

1.138531

1.147690

1.164132

0.5

0.5

0.5

0.5

0.5

0.5

1.081450

1.060695

1.0609865

1.061759

1.064207

1.074394

2.948317

3.188807

3.258134

3.375645

3.803453

4.263301

0.925800
0.952528
0.896675
0.900068
0.911743
0.940170
0.945419
0.992497
0.921744
0.924587
0.944029
0.952102
0.999951
0.926878
0.930652
0.949933
0.961372
1.010154
0.934358
0.939018
0.959951
0.975353
0.952049
0.946280
1.025331
0.981597
1.001715
0.970107
0.977144
1.053558

1.226919
0.525069
0.874807
0.850718
0.578577
1.275130
0.583049
0.526549
0.871896
0.684855
1.284833
0.583614
0.528718
0.875407
0.686086
1.297988
0.584276
0.526912
0.879837
0.687814
1.31688586
0.5850862
0.689931
0.885553
0.527137
1.346619
0.588069
0.893628
0.692741
0.527419




[~

o4 '
A@17I89N 4.2 udavan Qc #aNy n = 4,6,8, 10,12 M_ = 1,2,3

D=1 Uar 4 = n/2

© 1.726414 | 2.448789 3.169333 | 3.888874 | 4.607791
1.5 | 2.159658 | 2.886240 3.609854 | 4.331351 | 5.051476
1.4 | 2.294202 | 3.020880 3.746002 | 4.468930 | 5.190218
1.3 | 2.526822 | 3.249668 3.976238 | 4.701367 | 5.424768
1.2 | 3.023868 | 3.721906 4.444474 | 5,171198 | 5.897764

1.1 | 4.774975 | 5.283011 5.927883 | 6.622705 | 7.337141

o 1.449460 | 1.971070 2.487388 | 3,000381 | 3.511144
1.5 | 1.741827 | 2.272590 2.793639 | 3.309323 3;821690
1.4 | 1.827404 | 2.361062 2.884653 | 3.402269 | 3.916087
1.3 | 1.972237 | 2.508284 3.035735 | 3.556781 | 4.073413
1.2 | 2.278520 | 2..804289 3.334854 | 3.861451 | 4.383652

1.1 | 3.626616 | 3.807110 4.262913 | 4.770439 | 5.291964

© 1.306563 | 1.723850 2.134999 2;542079 2.946317
1.5 | 1.527292 | 1.954147 2.370499 | 2,780650 | 3,186807
1.4 | 1.589861 | 2.019564 | 2.438421 2.850493 3.258134'
3 1.3 } 1.695392 | 2.127243 | 2,549756 | 2.965202 | 3,375645
1.2 | 1.924506 | 2.342885 2.767327 ‘3.187i06 3.603453 |

1.1 | 3.554847 | 3.167407 3.469096 | 3.855238 | 4.263301°

o .
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<4
ATT NN

4,3 udavAuMNTUALAER TENAY Q 19 n =8 u, = 2

n, =m, =0, =1 0o = 1.4 0s = 1.6
#,, = 2.0 rad/sec Uas u_ = 1,2,3,4
TWA3TY TWaInaR Tuaiedan
i, ooooQ 0. Q. 0 Q,
1 1.078324 0.5 1.0689487 2.653196 1.051189 0.872361
1.124776 0.572790
2 | 1.184496 0.5 | 1.087008 2.724091 | 1.052431 0.902387
1.152571 0.590141
$ | 1.265383 0.5 | 1.085588 2.770577 | 1.053856 0.921309
1.169941 .0.600995
4 }.332444 0.5 ' 1.084655 2.803697 1.055054 0.934440
1.181771 0.508510
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4 ] < . - - ‘ .
A15990 5.1 113801 RBUNANTINAARIAN PSpice iy WAMITAME 14 v = 6 (Maximally flat)

, _____nJJQWLin_idnL____E‘ . ______ggggu,iu (dB)
a1wn(iz)| PSpice | Awa AWANAM [AIWD(HZ)| PSpice AmE ARV
10.00 | -0.0000 0.0000 0.0000 | 10.80 | -0.0000 0.0000 | 0.0000
11.66 | -0.0000 | -0.0000 | -0.0000 | 12.59 | -0.0000 | -0.0000 | -0.0000
13.59 | -0.0000 0.0000 0.0000 | 14.68 | =-0.0000 0.0000 | 0,0000
15.85 | -0.0000 | -0.0000 | -0.0000 | 17.11 | -0.0000 | -0.0000 | -0.0000
18.48 | -0.0000 | -0.0000 | -0.0000 | 19.95 | -0.0000 | -0.0000 | -0.0000
21.54 | -0.0009 0.0000 0.0009 | 23.26 | -0.0009. | 0.0000 | 0.0009
25.12 | --0.0009 | -0.0000 0.0009 | 27.12 | -0.0009 | -0.0000 | 0.0009
29.29 | -0.0009 | -0.0000 0.0009 | 31.62 | -0.0009 | -0.0000 | 0.0009
34.15 | -0.001T 0.0000 0.0017 | 36.87 | -0.0017 0.0000 | 0.0017
39.81 | -0.001T 0.0000 0.0017 | 42.99 | -0.0017 0.0000 | 0.0017
46.42 | -0.001T 0.0000 0.0017 | 50.12 | -0.0017 0.0000 | 0.0017
54.12 | -0.0017 0.0000 0.0017 | 58.43 | -0.0017 0.0000 | 0.0017
63.10 | -0.0017 0.0000 0.0017 | 68.13 | -0.0017 0.0000 | 0.0017
73.56 | -0.0104 0.0000 0.0104 | 79.43 | -0.0104 0.0000 | 0.0104
85.77 | -0.0104 0.0000 0.0104 | 92.61 | -0.0104 0.0000 | 0.0104
100.00 | -0.0104 | -0.0000 0.0104 | 108.00 | -0.0104 | -0.0000 | 0.0104
116.60 | -0.0191 0.0000 0.0191 | 125.90 | -0.0191 0.0000 | 0.0191
135.90 [ -0.0191 | -0.0000 0.0191 | 148.80 | -0.0191 | -0.0000 | 0.0191
158.50 | -0.0278 0.0000 0.0278 | 171.10 | -0.0278 0.0000 | 0.0278
184.80 | -0.0451 0.0000 0.0451 | 199.50 | -0.0451 0.0000 | 0.0451
215.40 | -0.0623 0.0000 0.0623 | 232,60 | -0.0623 0.0000 | 0.0623
251.20 { -0.0796 0.0000 0.0796 | 271.20 | " -0.0796 0.0000 | 0.0796
292.90 | -0.1053 0.0000 0.1053 | 316.20 { -0.1053 0.0000 | 0.1053
341.50 | -0.1482 0.0000 0.1482 | 368.70 | -0.1482 0.0000 | 0.1482
398.10 | -0.1992 0.0000 0.1993 | 429.90 | -0.1992 0.0000 | 0.1993
* 464,20 | -0.2753 0.0001 0.2755 | 501.20 | -0.2753 0.0001 | 0.2755
541.20 | -0.3841 0.0011 0.3851 | 584.30 | -0.3841 0.0011 | 0.3851
631.00 | -0.5079 0.0087 0.5165 | 681.30 | -0.5079 0.0087 | 0.5165
735.60 | -0.5894 0.0680 0.6575 | 794.30 | -0.5894 0.0680 | 0.6575
857.70 | -0.1139 0.4979 0.6118 | 926.10 | -0.1139 0.4979 | 0.6118
1000.00{  3.2946 3.0103 | -0.2843 | 1080.00| 3.2946 3.0103 | -0.284
1166.00 12.9778 | 11.3839 | "-1.5939 | 1259.00] 12.9778 | 11.3839 | -1.593
1359.00| 26.8552 | 24.8601 | -1.9951 26.8552 | 24.8601 | -1.995

1468.00

-
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#1979 5.2 lﬂgﬂ“lﬂﬂﬂﬂaﬂ'\'ﬂlﬂa\ﬁ"ﬂ PSpice Nl Wan1iamm Lua v = 4

55

) n11gu|ia (dB) . ﬂ11§q 8 (dB)
A7wi(Bz) | - PSpice | A AWANATA [AIuA(EZ)| PSpice [ Awnm  [Ardewatn
10.00 -0.0000 =0.0000 -0.0000 10.80 -0.0000 -0.0000 -0.0000
11.66 ~0.0000 0.0000 0.0000 12.59 -0.0000 0.0000 0.0000
13.59 | -0.0000 0.0000 0.0000 | 14.68 | -0.0000 0.0000 0.0000
15.85 | -0.0000 | -0.0000 | -0.0000 | 17.11 | -0.0000 | -0.0000 | -0.0000
18.48 | -0.0000 0.0000 0.0000 | 19.95 | -0.0000 0.0000 0.0000
21.54 | -0.0000 | -0.0000 | -0.0000 | 23.26 | -0.0000 | -0.0000 | -0.0000
%.12 | -0.0000 | -0.0000 | -0.0000 | 27.12 | -0.0000 | -0.0000 | -0.0000
29.29 | -0.0000 0.0000 0.0000 | 31.82 | -0.0000 0.0000 0.0000
34.15 | -0.0000 0.0000 0.0000 | 36.87 | -0.0000 0.0000 0.0000
39.81 | -0.0000 0.0000 0.0000 | 42.99 | -0.0000 0.0000 0.0000
46.42 -0.0009 0.0000 0.0009 50.12 -0.0009 0.0000 0.0009
54.12 | -0.0009 0.0000 0.0009 | 58.43 | -0.0009 0.0000 0.0009
63.10 | -0.0017 0.0000 0.0017 | 68.13 | -0.001T 0.0000 0.0017
73.56 | -0.0017 0.0000 0.0017 | 79.43 | -0.0017 0.0000 0.0017
85.7T f 0.0617 =0.0000 0.0017 92.81 -0.0017 -0.0000 0.0017
100.00 -0.0017 -0.0000 0.0017 108.00 -0.0017 -0.0000 0.0017
116.60 | -0.0017 0.0000 0.0017 | 125.90 | -0.0017 0.0000 0.0017
135.90 -0.0104 0.0000 0.0104 146.80 -0.0104 0.0000 0.0104
"158.50 | -0.0104 0.0000 0.0104 | 171.10 | -0.0104 0.0000 0.0104
184.80 | -0.0104 0.0000 [~ 0.0104 | 199.50 | -0.0104 0.0000 0.0104
215.40 | -0.0191 0.0001 0.0192 | 232.60 | -0.0191 0.0001 0.0192
251,20 | -0.0278 0.0008 0.0284 | 271.20 | -0.0278 0.0006 0.0284
292.90 | -0.0278 0.0028 0.0308 | 316.20 | -0.0278 0.0028 0.0306
341.50 | -0.0278 0.0124 0.0401 | 368.70 | -0.0278 0.0124 0.0401
398.10 | 0.0035 0.0522 | 0.0487 | 429.80 | 0.0035 0.0522 0.0487
464.20 | 0.1490 0.2051 0.0562 | 501.20 | 0.1490 0.2051 0.0562
541.20 | 0.6398 0.6955 0.0557 | 584.30 | 0.6398 0.6955 0.0557
631.00 | 1.7390 1.7874 0.0485 | 681.30 | 1.7390 17874 | 0.0485
735.60 | 2.8758 2.9411 0.0653 | 794.30 | 2.8758 2.9411 0.0653
857.70 | 1.T146 1,8597 0.1452 | 926.10 | 1.7148 1.8597 0.1452
1000.00 | 3.3980 3.0103 | -0.3877 [1080.00 | 3.3980 3.0103 | -0.3877
1166.00 | 26.T148 | 26.4437 1259.00 | -26.7148 | 26.4437 | -0.2712

-0.2712




56

4 « 4 . e . 4d . .
19140 5.3 11980 NELVANYINAARII N PSpice Nl WAN1TAMM Lidd v = 0 (quurlpple

m‘lemjrg (dB) nadyida_(do)
d . ' - d . ' .
AIun(lz)| PSpice | Awa AWANaIR [A1wM(Ez)| PSpice Al [Aiavate

10.00 0.0104 0.0091 -0.0014 10.80 0.0104 0.0091 | -0.0014
11.66 0.0130 0.0123 -0.0007 12.59 0.0130 0.0123 -0.0007
13.59 0.0174 _ 0.0167 -0.0007 14.68 0.0174 0.0187 ~0.0007
15.85 0.0235 0.0227 -0.0008 17.11 0.0235 0.0227 -0.0008
18.48 0.0313 0.0309 -0.0005 19.95 0.0313 0.0309 -0.0005
21.54 0.0427 0.0419 -0.0008 23.26 0.0427 0.0419 -0.0008
25.12 0.0567 0.0568 0.0002 27.12 0.0567 0.0568 0.0002
29.29 0.0768 0.0771 0.0003 31.62 0.0768 0.07T1 0.0003
" 34.15 0.1040 0.1044 0.0004 38.87 0.1040 0.1044 0.0004
39.81 0.1401 0.1412 " 0.0011 42.99 0.1401 0.1412 0.0011
46.42 0.1888 0.1908 0.0020 50.12 0.1888 0.1908 0.0020
54.12 0.2539 0.2572 0.0033 58.43 0.2539 0.2572 0.0033
63.10 0.3402 0.3456 0.0054 88.13 0. 3402 0. 3456 0.0054
73.56 0.4548 0.4824 :9.0076 79.43 0.4548 0.4624 0.0076
85.77 0.6044 0.6154 0.0110 92.61 0.6044 0.6154 0.0110
100.00 0.7974 0.8129 0.0155 | 108.00 0.7974 0.8129 0.0155
116.60 1.0408 1.0832 0.0224 125.90 1.0408 1.0832 | 0.0224
135.90 1.3407 1.3710 0.0303 148.80 1.3407 1.3710 0.0303
158.50 1.6955 1.7375 0.0419 | 171.10 1.6955 1.7375 0.0419
184.80 2.0887 241461 0.0574 199.50 2.0887 2.1461 0.0574
215.40 2.4785 2.557T 0.0792 232.60 2.4785 2.5577 0.0792
251.20 2.7831 2.8935 0.1104 271.20 2.7831 2.8935 0.1104
292.90 2.8504 3.0041 0.1537 | 316.20 2.8504 3.0041 0.1537
341.50 2.4278 2.6451 0.2172 | 368.70 2.4278 2.8451 0.2172
398.10 1.2129 i.5181 0.3052 | 429.90 1.2129 1.5181 0.3052
464.20 -0.2921 0.0899 0.3621 | 501.20 -0.2921 0.0899 0.3621
541.20 0.8318 1.2258 0.3940 | 584.30 0.8318 1.2258 0.3940
631.00 2.2673 3.0163 0.7489 | 681.30 2.2673 3.0163 0.7489

735.60 -0.4915 0.5259 1.0174 794.30 -0.4915 0.5259 1.0174
857.70 2.4221 2.8920 0.4700 | 926.10 2.4221 2.8920 0.4700
1000.00 6.2352 3.0104 -3.2248 |1080.00 6.2352 3.0104 -3.2248

1166.00 40.0209 37.8716 -2.1493 }1259.00 40.0209 37.8718 -2.1493
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10 KOHMS

SECOND ORDER [ v = 6 v =4 v=0 IHY
BLOCK
R(C 1) = 7.234530 7.234530 7.234530 KOHNS
R( 2) = 7.234530 7.234530 7.234530 | KOHMS
CC1 = 0.005581 .002070 .001197 | uF
cC2) = 0.086725 .233787 .404481 | 4F
THIRD ORDER
BLOCK & 1
RCD = 7.717139 10.702047 25.422952 | KOHMS
R(C 2) = 18.970262 64.533970 129.550207 KOHMS
R( 3) = 1.966682 . 795998 .409117 | KoHMS
CC 1 = 0.022 0.022 0.022 MuF
C( 2) = 0.022 0.022 0.022 MF
C( 3 = 0.022 0.022 0.022 uF
THIRD ORDER '
BLOCK dt 2
RC 1) = 12.424435 14.672348 25.827300 | KOHMS
RC 2) = 8.121996 20.593440 101.037965 | KOHMS
RC 3) = 3.656528 4.639297 .847996 | KOHMS
cC(C1 = 0.022 0.022 0.022 uF
C( 2) = 0.022 0.022 0.022 uF
c( 3 = 0.022 0.022 0.022 uF
THIRD ORDER
BLOCK & 3
R(C 1) = 15.974912 -24.424496 27.753063 KOHMS
RC 2) = 6.057437 10.740659 66.445258 KOHMS
R( 3) = 3.736382 6.149958 2.927029 | KOMMS
CC1 = 0.022 0.022 0.022 uF
cc 2 = 0.022 0.022 0.022 uF
c(3) = 0.022 0.022 0.022 AF
w18 LA dmTuevTadud 3 AavtiEnTiseremavaeaniie 2 Eeiiwidanow
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------------------------------------------------------------------------

PROGRAN  EQUIR

PURPOSE :

A MULTIPLE-REAL-POLR/MULTIPLE-CRITICAL-POLR ALL-POLE

EQUIRIPPLE PILTBR BC ACTIVE LOWPASS PILTERS
PROCEDURE

1.SBT A0,Al,..An-2 AND X1,X2,...Xn

2.FIND HC AND BBTA BY RRHEZ ITERATION

J.FIND AD - An-2 BY REMBZ ITERATION

4.IF OUT OF LINIT GOTO 2

5.NORMALIZE PUNCTION

6<FIND ROOT, W AND Q

DESCRIPTION OF PARAMRTERS
NX = N OF EQU.
I = ¥ SQUARE
AX = COERFICIRNT OF ¥
SUBROUTINE AND FUNCTION SUBPROGRAM RRQUIRED
SUB = SIHQ, ROOT, POLRT, NORM, WTOS, FPOLY
FUNCTION = FUNCMAIN [A(X) = (14X)"UR ....]
FILE
FILTER.DAT = DATA INPUT FILE
SOLUTION.DAT = RESULT OUTPUT FILE (CREAT BEFORR USE)

------------------------------------------------------------------------

IMPLICIT DOUBLE PRECISION (A-H,0-2%
DIMENSION A(100),8(10),R00TR(10),R00TL(10),X(10},D(10},AX(10},
¥ RX(10},COR({10},XCOR(10),XTHP(2)

READ NX,UC,EBSI,X1,X2,X11,41,4X(0),ERROR

OPRN(5,PILR='FILTER. DAY’ )
OPEN(6,FILE="SOLUTION. DAY’ )
READ{5,1000)¥X,UC,RBSI ,Al,ERROR

1000 FORNAT(I2,P3.1,D3.1,03°'1,D10.9)
READ(5,1010)X(1),X(2),X(3),X(4),X(5),X(6)
WRITE(*,1015)X(1),X(2},X(3),X(4),X(5),X(6)

1010 FORMAT(D10.8,010.8,D10.8,D10.8,D10.8,D10.8)

1015 PORMAT(1H ,1X,F10.8,1X,F10.8,1X,F10.8,1X,F10.8,1X,F10.8,1X,F10.8)
READ(5,1012)AX(1),AK(2),AX(3),AR{4),AX(5)
WRITB{%,1016)AX(1),AX(2),AX(3),A(4),AX(5)

1012 PORMAT(D10.8,010.8,D10.8,D10.8,010.8)

1016 FORMAT(IH ,1X,F10.8,1X,P10.8,1¥,P10.8,1X,R10,8,1X,F10,8)
A2 = AL+EBSI
UR = BLOAT(NY}/2.0

G QMaoahadaaaaaaaoaonaaaaoaagaaaaaamaac
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C
H
C

C
e
C

<

&

START CASE 1

IT = 0
90 IT = IT+l

WRITE(#,1020)I7 ‘
1020 FORMAT(1H ,10X,'ITERATION = ',I3)

DO § I=1,NX
5 WRITE (#,1030)1,X(I) .
1030 FORMAT(1H ,101,'X(",12,"} = ’,F15.10)

FIND HC AND BETA

DO 10 I=(NX-1},8X

J o= [-(N)¥-2)

A(d) = X(I) % (1)

AJ+2) = -X(I)

ATEHP = A2

IF {I.EQ.NX) THEN

ATEMP = Al

ENDIF

B(J) = (ATRMP/((1.0¢X(I))#%URS(AX{1)+AX(2)%X(I)+AX{3}8X(I)%X(I)
$AX(4)SX(T )R (T)8X(T)+AR(5)6X(1)$X(T)3X{I)*X(1)}))
$$(1.0/UC)-1.0

WRITE(%,1035)A(J),A(J+2),B(J)

1035 FORMAT(1H ,5X,P15.10,5X,F16.10,10X,F15.10)

10

20

CONTINUE
N=2

CALL SIHQ(A,B,N,KS)
BETA = B(1)

He = B{2})

IF (KS) 20,30,20
WRITE (*,1040)

1040 FORMAT (1H,10X,'THR MATRIX IS SINGULAR')

30

§TOP
WRETE (%,1050)BETA,HC

1050 PORMAT (1H,10X,'BRTA = ',P15,10,10X,'8C = ',F15.10)

50

FIND I THAT EQU. = Al OR A2

N =

b(1) = 0.0
D(2) = 0.0
D(3) = AX(1)
D{4) = 0.0
D5} = 0.0
D(6) = 0.0
B(7) = 0.0
D(8) = 0.0
D(3) = 0.0 .
D(18} = 0.0

CALL ROOT(N,D,BETA,HC,COF,UR,UC)
IF (N-2) 50,60,50
NRITE (%,1070)

1070 FOBMAT (1K ,10X,'ROOT BRROR')

sTop
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60 DO 70 I = (NX-1),NX
J = [-(NX-2)
X(I} = COF{J)
ATRHP = PUNCHAIN(N,AX,X(L),UR,UC,HC,BETA)
70 WRITE(#,1080)X(I),ATENP
1080 FORMAT (' A(’,F15.10,") = ',R15.10)
¢
C FIND AX(2},AK(3),AK(4),AX(5) RRMARK AX(2) IS A{1) ON EQU.
¢
106 DO 110 [=1,NX-2
AMI) = X(I)
A(I+4) = X(I}3X(T)
A(L+8) = X(I)*X(I)%¥(I)
ACI#12) = X(L)®X(I)%X(1)*X(I)
ATENP = A2
[F ((1.BQ.2).0R.(I.EQ.4))THEN
ATENP = Al '
ENDIR
XTEKP = 1
Do 120 J = 1,INT(UC)
120 XTRMP = XTEWP#(BETASX(L)#X(I)-HCHX(I}+1)
B{I) = (ATEKP/((1.04X(I))#SURSXTEMP})-AX(1)
C WRITR(%,1103)A(I),A(L+4},A(T+8),A(1+12),B(I)
- 1103 PORMAT(1X,R15.10,1X,P15,10,1X,P15,10,1X,F15.10,1X,R15.10)
110 CONTINUE
=4
CALL SINQ(A,B,N,KS)
[=210
WRITE(*,1100)1,AX(1)
DO 106 T = I,N
AX(I+1) = B(I)
105 WRITE(#,1100)I,AX(I+1)
1100 FORKAT (' &(',I2,"}) = ' R15.10)-

(=]

FIND X CASE 2

M= N
115 D0 116 I = 0,N-2
116 D(I+3} = AX(I+1)
CALL ROOT(N,D,BETA,AC,COF,UR,UC)
IF (N-6) 125,130,125
125 WRITE (%,1110) *
1110 FORHAT(/," INPUT X1,K2')
READ(*,1120)X(1),x(2}
1120 FORMAT{/,F15,10,F15.10)
130 DO 140 [ = 1,MK
X(I) = COP(T)
ATEHP = PUNCMAIN(N,AX,X(T},UR,UC,HC,BETA)
WRITE(*,1080)X(I},ATBMP
ASET = A2
IF (NOD(I,2).EQ.0) THRN
ASET = Al
ENDIR :
IF (DABS(ASET-ATENP) - BEROR) 133,133,135
133 ITEND = 1
“GOTO 140
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135 [LTBND = 0
140 CONTINUE
IF (ITRND .BQ. 0) THEN
GOTO 90
ENDIF
XTHP(1) = X(NX)
KTHP(2) = XTHP(1) + §
CALL NORN(NX,UC,UR,BRTA,HC,AX,XTHP, ALPHA)
CALL ¥T0S(NX,UC,UR,BETA,HC,AX,ALPHA)
$TOP
END

SUBROUTINE NORM

PURPOSE
FIND NORMALIZE FACTOR AND NORMALIZE FUNCTION

DESCRIPTION OF PARAMETERS
ALPHA = NORMALIZE FACTOR
BETA,HC AND AX CHANGE TO NOMALISED VALUE
USAGE
CALL NORK(N,UC,UR,BETA,HC,AX,X,ALPHA)
UTPYT
FILE
SUBROUTINE NORK{N,UC,UR,BETA,HC,AX,X,ALPHA)
INPLICIT DOUBLE PRECISION (A-H,0-Z)
DINKNSION AX(10),X(2)
BRROR = 0.0000004
ATRHP1 = FUNCMALN(N,AX,X(1),UR,UC,HC,BETA)
ATRMP2 = RUNCHAIN(N,AX,X(2),UR,0C,HC,BETA)
WRITE(#,1020 )ATEKP1,ATBHP2
1020 PORMAT(/," A{X1) = ',P13.6,5%,"A(X2) = ',R13.8,/)
16 X7 = (X(1)+X(2))/2.0
ATENP1 = FUNCHAIN(N,AX,XT,UR,UC,HC,BBTA}
WRITE(#,1030 )XT,ATRHP] S
1030 PORNAT(' X = ',P9.6," A(X)} = ',P13.6)
IP ( DABS{2.0-ATBHP1) .LT. ERROR ) GO T0 100
IF ( 2.0-ATEMP1 ) 30,100,20
20 X(1) = x7
60 T0 15
30 ¥(2) = T
€0 70 15
100 WRITE(6,1032)1T
1032 FORMAT(' NORKALLIZED PACTOR = ',R13.6)
HC = HCHXT
BRTA = BRTA¥ETSIT
WRITE (6,1035)HC,BRTA .
1035 FORMAT(' HC = *,P13.6," BRTA = ',F13,6)

ahaacacaccacacaccaam



DO 40 I = 1,41
AX(L) = AX(I)sXT$3(I-1) 5
40  WRITE (6,1040)I-1,AX(I)
1040 FORNAT(' A(',I1,") = *,R13.6)
ALPHA = X7
RETURN
END ‘

c ................................................. mmeccaccccocnaa
PUNCTION PUNCMAIN(N,AX,X,UR,UC,HC,BETA)

C
IHPLICIT DOUBLE PRBCISION (A-H,0-Z)
DIMENSION AX(10)
ATEKP = 0.0
0 10 I = 1,N-1

10 ATBMP = ATRMP+AX(I)eX$%(I-1)
FUNCNAIN = ((1.04X)#3UR)%({BRTA$X¥I-HCEX+1)#¥UC)*$ATRMP

RETURN

END
PR E L L P e P c
¢ SUBROUTINE ROOT c
C C
C USAGE c
C CALL ROOT(N,D,BETA,HC,COF,UR,UC) ¢
C C
L DTt C

SUBROUTINE ROOT(N,D,BBTA,HC,COF,UR,UC)

IMPLICIT DOUBLR PRRCISION (A-H,0-Z)

DIMENSION A(100),B(10},R00TR(10},R00TI(10),X(10),D(15),AK(10),

¢ RE(10),COR(10),XCOP(10)
C

WRITE(*,900)D(1),D(2},0{3),D(4)
900 FORMAT(/,P13.6,3X,R13.6,3X,P13.6,3%,F13.6)

WRITE(#,900)BETA, HC,UR,UC

DO 10 I =0,N

RCOR(T+1) = D(I+1)%(BETA®(UR+2,0¥UCHFLOAT(I)-2.0))

$ +D(I+2)%(-(UR+UC+FLOAT(I)-1.0)%HC

¢ +BRTA%(2, 08UCHRLOAT(I)-1.0))

s D(1+3)#(-(UC+PLOAT(I))*HC+(UR+ELOAT(I)))

3 +{PLOAT(L)41.0)#D(I+4)
10 WRITE (%,950)XCOR(I+1)
850 FORMAT(1H ,5X,R13.6)

K =N :

CALL POLRT(XCOR,COR,N,ROOTR,RO0TI,IER)

IF (IER .NB. 0) THEN

WRITE(#,1000)
1000 FORMAT(1H , 10X, 'ERROR NO ROOT ')

ENDIF

NTEMP = 0

DO 20 I = I,N

WRITE(#,1010 JROOTR(IL),RO0PT(I)
1010 PORMAT(1H ,5X,'REAL = ',F13.6,10X,'IMAGINARY = !,F13.6)

IF ({DABS(ROOTI(I)).LT.0.0000001).AKD. (DABS(ROOTR(L}).GE.0,0))THEN

NTRMP = NTRMP ¢ 1

COR(NTEMP) = ROOTR{I)

ENDI?
20 CONTINUE

-
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30

40

----------------------------------------------------------------

----------------------------------------------------------------

1100

1110

1120

1130

100

SORT

N = NTRMP

DO 30 I = 1,N-1

D0 30 J = L,N

IF (COF(I).GT.COF(JY)) THEN
TEMP = COF(J)
COR(J) = COF(I)
COR(I} = TRMP
EKDIF

CONTINUE

N = NTEMP

DO40T =1,
WRITE(#,1010}COF(I)
RETURN

END

SUBROUTINE WTOS

PURPOSE
CHANGE |G(JW)}"2 TO G(S) AND SET COBRFICIENT FOR
SuB FPOLY

USAGE
CALL WTOS(N,UC,UR,BETA,HC,AX,ALPHA)
OUTPUT ’

FILE

SUBROUTINE ¥TOS(N,UC,UR,BETA,HC,AX,ALPHA)
IMPLICIT DOUBLR PRECISION (A-H,0-Z)
DIMENSION AX(10),XCOF(10}
WRITE(6,1100)

FORMAT(/," #¥% SINPLE POLB #33')
WPR = DSQRT(1.0/ALPHA)
WRLTE(G,1110)wpR

FORMAT(' WPR = ', F10.6)
WRITE(6,1120)

FORMAT(/,' % CRITICAL POLR #¥%')
XCOR(1) = 1.0

1COR(2) = 0.0

XCOF(3) = HC

XCOR(4) = 0.0

XCOP(5) = BETA

NORDER = 4

CALL FPOLB(XCOF,NORDER)
WRITE(6,1130)

FORNAT(/,' *%% MULTIPLE POLE %'}
ICOF(1) = AX(1)

DO 100 I = 2,N-1

I = ({I-1]%2)+1

XCOR(J) = AX(L)8(-1}ss{I-1}

Jo= (I-1)2

XCOF(J) = 0.0

CONTINUE

NORDER = (N-2)%2

CALL FPOLE(XCOF,NORDER)
WRITB(6,1140}

Mmoo
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T — ")
RRTURN
END

SUBROUTINB FPOLY

PURPOSE
FIND ROOT, W AND Q

USAGE

CALL FPOLY(XCOR,H)
QUTPUT

FILE

Qoo caae

--------------------------------------- Foemmmcsncccannamnncnaaaa()
SUBROUTINE FPOLE(XCOR,N)
IMPLICIT DOUBLE PRBCISION (A-8,0-Z)
DIMENSION XCOR(30),COR(30),ROOTR(30),R00TI(30),AL(30)
CALL POLRT{XCOF,COF,N,ROOTR,RO0TI,IER)
I? (IER) 10,20,10
10 WRITE(6,1000)
WRITE(6,995)IER
995 FORMAT(' ERROR NUMBER ',12)
1000 FORMAT(' BOOT ERROR')
RETURN
20 DO 30 I=1,M
30 WRITE(6,1020)ROOTR(),RO0TI(I)
1020 FORMAT(' RBAL = ',F10.6,' INAGIN = -',F10.6)
MR = 1
ROOTR(1) = DABS(ROOTR{1))
ROOTI(1) = DABS(ROOTI(1)})
DO 50 I =2,H
I7EST = 0
D0 40 J = 1,MR
IF ((DABS(ROOTR(J)-DABS(ROOTR(I)}} .LT. 0.0000001)) THEN
ITESt = ITEST+]
ENDIF
40 CONTINUE
IP (ITBST .EQ. 0) THEN
KR = NR+1
ROOTR(MR) = DABS(ROOTR(L})
ROOTI(MR) = DABS(ROOTI(I))
ENDIF
50 CONTINUE
DO 60 I = 1,HR
RR = DABS{ROOTR(I))
RIMJ = DABS(ROOTI(I))
WPC = DSQRT(RR$RR+RINJRINJ)
QPC = WPC/{2.0%RR)
60  WRITE(6,1030)wPC,QpC
1030 FORHAT(® ¥PC = ',P10.6," QPC = ',P10.5)
RRTURN
END
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SUBROUTINE SIMQ

PURPOSE
OBTAIN SOLUTION OF A SEBT OF SIHULTANEOUS LINRAR EQUATIONS,
AX=B

USAGE
CALL SIMQ(A,B,N,ES) -

DESCRIPTION OF PARAMETERS

A - MATRIX OF COBFICIENTS STORED COLUMNWISE., THERR ARB
DESTROYED IN COMPUTATION. THE SIZE OF MATRIX A [§
N BY N.

B - VECTOR OF ORIGINAL CONTAINS (LENGTH N). THERE ARR
REPLACED BY FINAL SOLUTION VALUES.

N - NUMBER OF EQUATIONS AND VARIABLES, N HUST BE .GT. OME.

KS - OUTPUT DIGIT ’
0 FOR NORMAL SOLUTION
1 FOR SINGULAR SET OF EQUATIONS

REMARKS
MATRIX MUST BE GENENAL.
IF HATRIX IS SINGULAR , SOLUTION VALUES ARE MEANINGLESS.
AN ALTERNATIVE SOLUTION MAY BR OBTAINED BY USING MATRIX
INVERSION (NINV) AND MATRIX PRODUCT (GMPRO).

SUBROUTINE AND FUNCTION SUBPROGRAMS REQUIRED
NONE

HETHOD
HETHOD OF SOLUTION IS BY BLININATION USING LARGEST PIVOTA:
DIVISOR. BACH STATE OF ELIMINATION CONSISTS OF INTERCHANGING
ROW THEN NECESSARY TO-wVOID DIVISION BY ZERO OR SMALL ELEMENTS.
THE FORWARD SOLUTION TO OBTAIN VARIABLE N IS DONE IN
N STAGES. THE BACK SOLUTION FOR THE OTHER VARIABLRES IS
CALCULATED BY SUCCESSIVE SUBSTITUTIONS. FINAL SOLUTION
VALUES ARB DEVELOPED IN VECTOR B,WITH VARIABLE 1 IN B(1),
VARIABLE 2 IN B{2) ... , VARIABLEB IN IN B(K). IF NO PIVOT
CAN BE FOUND, EXCREDING A TOLRRANCE OF 0.0, THE MATRIX I§
CONSIDERBD SINGULAR AND KS IS SBT TO 1. THIS TOLERANCE CAN
BE MODIFIRD BY REPLACING THE FIRST STATEMENT.

3333222232222 22222 3223220303 323E R T3R80 83808 02323228420 33284

SUBROUTINE SIMQ(A,B,N,ES)
DIMENSION A(1),B{1)

-

FORWARD SOLUTION

TOL = 0.0

S =0

= -\

D0 65 J=1,N
JY = 3+l
RARERNAFY T3 |
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BIGA = 0.0 .
1= 4 8
00 30 I =1,

SEARCH FOR MAXIMUM COEFICIENT IN COLUNN

[J = IT+I

IF ( ABS{BIGA) - ABS(A(LJ)) ) 20,30,30
20 BIGA = A(IJ)

[HAX =
30 CONTINUE

TEST FOR PIVOT LESS THAN TOLERANCE (SINGULAR MATRIX)

[F (ABS(BIGA) - TOL ) 35,35,40
35 kS =1
RETURN

INTERCHANGE ROWS IF NECESSARY

40 IT=17+N$J-2)

IT = IMAX -

D0 50 K = J,N
IT = TI+N
[2=1I¢1IT
SAVE = A(IT)
A(IT) = A(12)
A(I2) = SAVE

DEVIDE BQUATUION BY LBADING CORFFICIENT

50 A(II) = A(LL)/BIGA
SAVE = B(INAX)
B(INAX) = B(J)
B(J) = SAVE/BIGA

" BLIMINATE NEXT VARIABLE

IP (J-§ ) 55,70,55
5§ 198 = N ¥ (J-1)
Do 65 X = JY,N
. I8 = 198 + IX
[T=J-IX
DO 60 JX = JT,N
INE=H®(JX-1)+1X
JX = INY + 17
60 A(IXJX) = A(IXJX) - ( A(IXJ) ® A(JJX) )
65  B(IX) = B{IX)-{ B(J) # A(IXI) )

BACK SOLUTION

10
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080 Kk=1,J
B(IB) = B(IB) - A(IA)*B(IC)

&

[A=14-N
80 IC=1IC-1 .
RETURN
END .

O REREREBRESIERERR R RSB R KRR R R R AR RN R R R R RN AR RRRRERI RN NN
C .
SUBROUTINE POLRT

C
C
¢  PURPOSE
¢ COKPUTE THE REAL AND COMPLEX ROOTS OF A REAL POLYNOMIAL
C  USAGE
C CALL POLRT(XCOF,COF,N,ROOTR,ROOTI, [ER)
C
C  DESCRIPTION
¢ XCOF - VECTOR OF M+l COEFFICIENTS OF THE POLYNOMIAL
ORDER PROM SHALLEST TO LARGEST POWER
COF - WORKING VECTOR OF LENGTH M+1
N - ORDER OF POLYNOMIAL
ROOTR- RESULTANT VECTOR OF LENGTH M CONTAINNING RRAL ROOTS
OF THE POLYNONIAL
ROOTI- RESULTANT VECTOR OF LENGTH ¥ CONTAINNING THE
CORRESPONDING THE IMAGINARY ROOTS OF THE POLYNOMIAL
IER - ERROR CODE WHERE
IER=0 NO ERROR
IER=1 M LESS THAN ONE
IBR=2 M GREATER THAN 36
IER=3 UNABLE T0 DETERMINE ROOT WITH 500 ITBRATIONS
ON 5 STARTING VALUES
¢ TER=4 HIGH ORDER COEFFICIENT IS ZERO

C

¢

C

C

C

C

H

c

¢

¢

C

C

c

C

c

C  REMARES

C LIMITED T0 36 TH ORDER POLYNOMIAL OR LESS.
C FLOATING POINT OVERFLOW MAY OCCUR FOR HiGH ORDER

¢ POLYNOKIALS BUT WILL NOT AFFECT THE ACCURACY OF THE RESULTS.
¢
C
C
¢
C
¢
¢
C
C
c
H
e
C

SUBROULTNE AND FUNCTION SUBPROGRAM REQUIRED
NONE

HETHOD
NEWTON-RAPHSON [TERATIVE TRCHNIQUR. THE FINAL ITERATIONS
ON EACH ROOT ARE PERFORMED USING THE ORIGINAL POLYNOMIAL
RATHER THAN THE RRDUCED POLYNOMIAL TO AVOID ACCUMULATED
ERROR IN THE REDUCED POLYNOMIAL.

333222 RR2 2R 22222420 22020222 022322222022 02233% 222402322}

SUBROUTINE POLRT(XCOF,COF,N,RO0TR,RO07I,IER)

DINENSION XCOR(1),COR(1},R00TR(1),R007I(1)

DOUBLE PRECISION X0,Y0,X,Y,XPR,YPR,UX,UY,V,VT,XT,U,XT2,YT2,S0HSQ,
$ DX, DY, TEMP, ALPRA

24 .
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IR A DOUBLE PRECISION VERSION OF THIS ROUTINE IS DESIRED, THR
C IN COLUMN 1 SHOULD BE REMOVED FRON THR DOUBLE PRECISION
STATEMENT WHICH FOLLOWS.

DOUBLE PRECISION XCOF,COF,ROOTR,RO0TI

-
THE C HUST ALSO BE REMOVED PROM DOUBLE PRECISION STATRHENTS
APPRARING IN OTHER ROUTINES USE IN CONJUNCTION WITH THIS
ROUTINB, -

THE DOUBLR PRRCISION VERSION WAY BE KODIFIED BY CHANGING THE
CONSTANT IN STATBMENT 78 10 1.0D-12 AND IN STATRMENT 122 10
122 70 1.00-10 . THIS WILL PROVIDE HIGHER PRECISION RBSULTS AT
THE COST OF RXECUTION TIME.

(282223 222222222228 2222222t R 282 23227210838 323 2 12%Y)

[FIT = 0

N=H

IER = 0

[F ( XCOF(N+1) ) 10,25,10
IF (N ) 15,15,32

SET ERROR CODE T0 1

[ER =1
RETURN

SET ERROR COBE T0 4

IER = 4
GOT0 20

SET ERROR CODR T0 2

[ER =.2
G010 20
IF { N-35 ) 35,35,30
N =N
NIX = N ¢
N2 =1 .
ki1 =N+ 1
D0 40 L=1,KJ1
KT = KJ1 - L+ 1
COF(MT} = XCOF(L)

(73

SET INITIAL VALUR

0.00500101
0.001000101

X0
10

1t [1}

ZERO INITIAL VALUE ZERO
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59
60

65

10
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78

<

80

g5
90

C

I[NCREMENT INITIAL VALUE AND COUNTER

-10.0$Y0
-10.0%X

-t
L —2
" w

SET X AND Y TO CURREBNT VALUR

X
I

£=1X0
Y=10
[N = INt1
GOTO 59
[FIT = 1
APR = X
¥PR = ¥

EVALUATE POLYNOMIAL AND DERIVATIVES

It = H

It = 1.0

U = COR(N+1)

IF (U ) 65,130,65

D0 70 I=1,N

L=N-141

TEMP = COF(L)

XT2 = X$IT - Y$YT

172 = Y#YT + Y#XT

U= U+ TRMPHET2
V=V + TENPEYT2

FI = 1

UX = UX + PI*XTHTENP
Y = UY - RISYTSTRHP
T = Y72

1T = 112

SUMSQ = UIBUX + UYSUY
IF (SUMSQ) 75,110,75
DY = (VHUT - UsUX)/SUMS]
X=X+ DX

DY = -(USUY + VsUX)/SUMSQ
T=7+DY

IF { DABS(DY) + DABS(DX) - 1.00-5 } 100,80,80

STEP ITERATION COUNTER

ICT = ICT + 1

IF { ICT - 500 ) 60,85,85
IF (IPIT) 100,90,100

IF (IN - § }50,95,95

SET BRROR CODE 70 3
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95 [ER:=3
6070 20
100 DO 105 L=1,NXY
. NPz El-L+1
TENP = XCOR(HT)
XCOR(NT) = COP(L)
105 COR(L) = TRMP
ITEHP = N
Nz N
NX = ITEMP
IF (IFIT} 120,55,120
110 IF (IPIT) 115,50,115
115 ¥ = xR
R
120 IFIT = 0
122 TP ( DABS{Y) - 1.00D-4%DABS(X)) 135,125,125
125 ALPHA = X ¢ X
SUNSQ = X#X + T¥Y
= §-2
6070 140
130 X =0.0
NX = MK -1 “
NXX = NXX-1
135 ¥ =0.0
SUKSq = 0.0
ALPHA = X
N = N-1
140 COR(2) = COR(2} + ALPHASCOR(1)
145 DO 150 L = 2,0
150 COR(L+1) = COF(L+1) + ALPHA*COR(L) - SUHSQ¥COF(L-1)
155 ROOTI(N2) = ¥
ROOTR(N2) = X
N2 = N2+
IF (SUNSQ) 160,165,160
160 Y= -y
SUHSq = 0.0
G0T0 155
165 1P (N) 20,20,45
BND

‘o

(K322 222322222 223302332 2223222222322 3222328 332282232 833232223232832¢82]
SUBROUTINE NLEQ
PURPOSE

OBTAIN SOLUTION OF A& SBT OF SIKULTANEOUS NON-LINEAR EQUATIONS,
F(X) =0

€3 o o €3 O T2

USAGE
CALL NLEQ(N,Xs,KS)

- I )
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40

50

60

10
1000

30
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0 DESCRIPTION OF PARAMRTERS
~ N - NUMBER OF EQUATIONS AND VARIABLES, N WUST BE .GT. ONE.

IS - VBCTOR OFGAUSS SOLUTION VALUES
kS - OUTPUT DIGIT

0 FOR NORMAL SOLUTION

1 FOR SINGULAR SEBT OF RQUATIONS

SUBROUTINE AND FUNCTION SUBPROGRAMS REQUIRED

FUNCTION
SIMQ

FREERRRRERERRRRRRE RN R R R R AR URERRRRRARRRAREERRERRARRRRLRRRTARREEIRY

e

SUBROUTINE NLEQ(N,XS,ES,UR,UC)
IMPLICIT DOUBLE PRECISION (A-H,0-Z)
DIMENSION A(100),B(10},F(10),DRRIV(10,10),GAK{10),X(10),X8(10)

S = 0

RNAX=25

RPSI = 0.000001
DRLTA = 0.00001
DO 100 K = 1,KHAX

DO 10 T = L,N
F(I} = FUNC(I,XS,UR,UC)

Do 30 J = L,N

XS(J} = XS(J)+DELTA

Do 20 T = LN

DERIV(I,J} = (PUNC(I,XS,UR,UC)-F(I)]/DRLTA
X5(J) = XS{J)-DELTA

D040 I = 1,N
GAM(T) = -F(I)
D040 J = 1,N
GAM(T) = GAM(I)+XS{J)%DRRIV(I,J)

D0 50T =1,N

B(I) = GAM(I)

Do 701 =1,K

A=l

Do 60 J,= 1,N

A(J&) = DERIV(L,J)

J4 = JANN

CONTINUE

FORMAT(/,' STEP = ',I2)

CALL SIMQ(A,B,N&S)

[F (KS) 90,90,80

DO 921 =1,N

[F (DaBS(B(I)/XS(T)-1.0) .GE. RPSI) GO 70 98
CONTINUE



91

98
99
100
80

DO 93 I = 1,N
18(1) = B(I)
RETURN

DO 99 I =1,N
XS(I) = B(I)
CONTINUE

£5 =1

RETURN

END

[ >

L
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PROGRAM FILTG_§

PURPOSE

FIND TRANSITIONAL ACTIVE FILTER THAT 6 RIPPLE (NU = §)
PROCEDURE

1,FIND HC AND BETA PROM EQURIPPLE

8.FIND An-2 - An-4  FROM EQUAIPPLE

3.PIND A0 - An-5 FPROK MAXIMALLY FLAT

4.G0T0 1 FOR LOOP

DESCRIPTION OF PARAMETERS
N = N OF EqU.
NV = NO. OF VARIABLE TO BE SOLVE ON SINQ
= CORFRICIENT OF W
SUBROUTIHE AND RUNCTION SUBPROGRAM REQUIRED
$UB = SINQ, ROOT, POLRT, NORM, FPOLY, NLEQ (FOR SOLV. BETA & HC)
FUNCTION = PUNCUR, RUNCSUM, PUNCHAIN
FILE
DFILT6 5.DAT = INPUT DATA FILE
SOL6_5.DAT = OUTPUT DATA FILE

DO OO OO OO OAaAaccCcccacacaa
QOGO OoOOOa@aoaOMaaaaaoaaoaoackaa

INPLICIT DOUBLE PRRCISION (A-H,0-Z)
DIMENSION X5(10),A(10},B(10},X(5),D(15),COR(15),XCOR(15},RX(10),
¥ AS(5),AX(5)
OPEN(5,PILB="DFILT6_5.DAT')
OPEN(6,FILE="50L6_5.DAT’)
READ (5,1000)N,NRIPPLE,UC
1000 PORMAT(2I2,F10,6)

UR = RLOAT(N}/2.0 5

RBSI = 1.0

A2 = 2.0 -

Al = A2-BBSI
S N c
C  READ STABT VALUR OF A0,Al,..An-2 ‘¢
S ¢

Do 100 I =1,N-1
100 READ(S5,1100)A(1)
1100 PORNAT(F10.6)

(mmmmmmesmeesemsseseescmecasecasesasecaseeneesseesmecascsesesnnensnans c
C  RRAD START VALUE OF X0,X1.... THAT GENERRATE BIPPLE c
T c

DO 110 I = 1,NRIPPLE
110 RBAD(5,1100)X(I)
READ(5,1100}ERR]
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FIND HC AND BETA THAT SATIRIE WITH EQURIPPLE
NV = NUMBER OF VARIABLE

8(1) = #C

15(2) = BETA
S = 0 NORNAL, 1 ERROR

2O AT IO

200 NV =2

DO 210 I=1,NV

AS(I) = X{NRIPPLE-241) & X{NRIPPLE-2+I)

AS(I+2) = -X{NRIPPLE-2+I)

ATEMP = A2

IP (NOD{I,2).EQ. 0} THEN

ATRMP = Al

ENDLR
210 B(I) = (ATRMP/(PUNCUR{X(NRIPPLR-24I},UR)

% $PUNCSUM (N, A, X(NRIPPLE-2¢1})})*%{1.0/0C)-1.0

CALL SIMQ(AS,B,NV,ES) ‘

IF (ES .BQ. 1) THEN

WRITE (%,2000)
2000 PORMAT (1H,10X,'THE WATRIX IS SINGULAR')

STOP

ENDIP

BETA = B(1)

HC = B(2)

WRITE (#,2100)HC,BETA
2100 PORWAT (1H,10%,'HC = ',P13.6,10%,'BETA = ',F13.6)

NV = NRIPPLE-2

D0 220 T = 1,NV

AS(I) = X(I)$Y(1)

AS(I+3) = X(I)SX(I)*X(I})

AS(I+6) = X(I)*X(I)*X(L)%X(I}

ATRHP = Al 3

IF (MOD{I,2).BqQ. 0) THEM

ATEHP = A2

ENDIF :

ATEMP = ATEMP/RUNCUR(X(L),UR}

ATBNP = ATEMP/((BBTA®X(I)$X(I)-HC#X(L)+1.0)%%uC) .
220 B{I) = ATEMP-A(1}-A(2)8X(I)

CALL SINQ(AS,B,NV,KS)

IF (ES .Bq. 1) THEN

WRITE (%,2000)

STOP

ENDIF

A(3) = B(1)

A(4) = B(2)

A(5) = B(3)

------------------------------------------------------------------------

------------------------------------------------------------------------

Ca a3 CaCy
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D(1) = 0.0
D(2) = 0.0
D(3) = A1)
D(4) = A(2)
D(5) = A(3)
D(6) = A(4)
D(7) = A(5)
D{8) = 0,0
D(9) = 0.0
D(10}
D(11)
(12}
NTHP = N
CALL ROOT(NTHP,D,BETA,HC,COR,UR,UC)

245 DO 255 [ = 1,NRIPPLE
I{I) = COR(NTHP-NRIPPLR+I)
AX(I) = PUNCKALN(N,&,X(I),UR,UC,HC,BETA)
WRITE(*,2300)X(I),AX(I)

255 CONTINUE

0.0
000
0.0

SBLECT 1 = LOOP PIND HC AND AN-2 : 2 = CONTINUNE : 3 = END
IP (DABS(1.0 - AX(1)} .LB. ERR1) THEN
IF (DABS{2.0 - AX{2)) .LB. ERRI) THBN .
IF (DABS(1.0 - AX(3)) .LB. RRRL) THEW
IP (DABS(2.0 - AE(4)) .LE. BRR1) THEN
IP (DABS(1.0 - AX(5)) .LE. ERR1) THEN
G070 2170
ENDIP
ENDIP
ENDIF
ENDLF
ENDIF
GOTO 200

------------------------------------------------------------------------

B T T L L e T T LT LT Ty

210 A(2) = -A(1)${UR-UCHHC)

A(3) = (-A(1)%(2.08UCSBRTA-HC#(URHUC) )-A(2) ¥ (UR+1.0-BCH(UC+1.0)))
‘ /2'0
A(4) = (-A(1)%(BETAS(UR+2.04UC))-A{2)%(BRTAK(2.0¥UC+1.0)-
$ HC*(UR+UC+1.0))-A(3)8(UR+2.0-HC¥(UC+2.0)))/3.0
A(5) = (-A(2)¥(BETA¥(UR+2.0%UCH1.0))-A(3)¥(BETAS(2.0%UCH2.0)-
¥ HCH(UR+UCH2.0))-A(4)¥(UR+3.0-HCH(UC+3.0)))/4.0

D0 230 I = 1,(N-1)
230 WRITE(*,2200)I-1,A(I)
2200 FORMAT(/,’ A(',I1,") = ',F10.6)

---------------------------------------------------
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D6} = A4)
D7) = A(S)
D(8} = 0.0
D(8) = 0.0
D(10) = 0.0
D(11) = 0.0
D12} ="0.0
NTHP = N |
CALL BOOT(NTHP,D,BBTA,HC,COF,UR,UC)
240 D0 250 I = 1,NRIPPLR
X(I) = COP(NTHP-NRIPPLE+I)
AX(I) = FUNCHAIN(N,A,X(I),UR,UC,HC,BRTA)
WRITE(#,2300)X (I}, AX(I)
250 CONTINUE
2300 FORKAT (' A(',P13.6,") = ',P13.6)

S ——. --- S -
C  SELECT 1 = LOOP PIND HC AND AN-2 : 2 = CONTINUNE : 3 = BND ¢
R — emmmemmessesmesiemeenameseimessesreenenneeanee ¢

IP (DABS{1.0 - AX(1)) .LE. BRRL) THEN
IP (DABS(2.0 - AX(2)) .LB. BREL) THEN
IP (DABS(1.0 - AX(3)) .LE, ERR1) THEN
IP (DABS(2.0 - AX(4)}) .LB. BRR1) THEN
IP (DABS{1.0 - AX(5)) .LE. ERRL) THEN 3
G0TO 300
ENDIF
ENDIF
ENDLF
ENDIP )
ENDIF
GOTO 200
300 AX(1) = X(NRIPPLE)
AX(2) = AX(1)42 ;
CALL NORM(N,UC,UR,BETA,HC,A,AX,ALPRA)
CALL WTOS(N,UC,UR,BETA,HC,A,ALPHA)
$T0P ‘
END

1] ] 82 1] 4
WuIaLne TdTunTugasayq TdTusunsuaaatuniawulnn 1
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ACTIVE PILTER KULTIPLE POLE AND NULTIPLE ZERO
DPILT.DAT - DATA FILE .
TPILT.DAT - RESULT FILE

IMPLICIT DOUBLR PRECISION (4-H,0-1)
DIMENSION A(20},B(20),C{20),D(20},X8(2},¥Z{20),XCOF(20)
OPEN(5,PILE='DFILT.DAT')
OPEN(6,FILE="TFILT.DAT')
READ (§,1000)M,ERR,NR
1000 PORMAT(I2,F10.6,12)
READ (5,1010)BBTA,HC,UC,ALPA,INUL
1010 PORMAT(5F10.6)
DO 10 I=1,hR
10 READ (5,1020) WZ(I)
1020 FORMAT(F13.6)
UR = BLOAT(N)/2.0
ID = DINT(UR+2.0%UC)
KD = DINT(2.0%uC)

B(1) = 1.0
B(2) = -2.0/(¥Z(1)%WZ(1))
B(3) = 1.0/(WZ(1)8WL(1)sWi(1)¥2(1})
NB =2
IP (NR .GT. 1) THEN
D0 30 I=2,NR
A1) = 1.0
A{2) = -2.0/(WZ(L)%NZ(I})
CA(3) = 1.0/(VZ(I)SWZ(I)sWZ(I)8WL{I})
NA = 2
CALL POLKUL({A,B,C,NA,NB)
DO 20 J=0,NA+NB
20 B(J+1) = C(J+1)
NB = NAtNB >
30 CONTINUE
ENDIF .
DO 40 I=NB+1,K
40 B(I+1) = 0.0

................... -- cmm- . mmcencccaas(]

L=

50 ¢(1)=1.0




C(2) = -bc
C(3) = BRTA

[ > B e N

C(2) = -2.0%HC

C(3) = 2.08BRTA+HCSHC
C(4) = -2.08BETASHC
C(5) = BRTA¥BRTA

C(2) = -3.0%HC

C(3) = 3.0%BBTA+3.08HCHHC

C(¢) = -6.0¥BETASHC-HCHHCHHC

C(5) = 3.08BBTASBETA+3,08BETARHCHHC
C(8) = -3.0¥BRTASBETA®HC

C(7) = BETA#BETA$BETA

[ B o T o BN o B o> I o T o1

DOT0TI=0,ID

D(I+l) = 0.0

D0 60 K = 0,ED

CALL RI(UR,I-K,R)
60 D(I+1} = D(I+1)+R%C{E+1)
70 CONTINUB

A1) = B(1)/0(1)

D0 90 I=1,0-2

DINP = 0.0

D0 80 K = 0,I-1
80 DTHP = DINP+A(K#1)#D(I-E+1)

A(L+1) = ((B(I+1)/ALRASS(1¥2) )-DPHP}/D{1)
90 CONTINUE

[N 1, ViR, 7 W X' 00 0 P SN 7/ BT 42 e vove o n O
C  FIND F1 AND F2
(TESTNENVUIPIPRIPNRPIN B WK - PRI e o8 | LG L QP -~ -~
F1 = 0.0
Fi=0.0

DO 100 I = 0,H-2
F1 = F1+A(I+1)%D(N-I)
P2 = P2+A(I+1)3D(K+1-1)
100 CONTINUE
F1 = FI*ALRA®S({¥-1)%2)-B(H-141)
P2 = R2¥ALRAS¥(H$2)-B(M+1)
WRITE(%,1030)F1,F2
1030 FORMAT (' F1 = ',R15.6," F2 = ',F15.6)
IF ({DABS(F1) .GT. ERR).OR.(DABS(F2) .GY. BRR)) THEN
18(1) = BC
15{2) = BETA
NV =2
CALL NLEQ(NV,XS,KS,UC,A,ALPA,H,B)
IP (KS) 120,120,110
110 WRITR{%,1040)
1040 FORMAT(' NO SOLUTION')
sTop
120 WRITR (*,1090)HC,BETA,ALRA
WRITE (%,1090)X8(1},18(2),ALFA
BRTA = BETA®(1.0-XMUL)+XNUL®KS(2)
HC = HC¥{1.0-XNUL)+ENUL®XS(1)
GoTo 50
EXDIF

s,
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WRITE (%,1090)HC,BRTA,ALFA
D0 130 I = 0,N-2
WRITE (%,1080)1,A(I+1)

130 CONTINUE

'=1l0

B3 = FUNCHJ(H,UC,WZ,A,BRTA,HC,ALFA,W,NR)
VRITE (%,1050)H)

IP (DABS(HJ) .LT. ERR) GOTO 180

B = 5.0
140 WTHP = (WA+WB)/2.0
RJ = PUNCHJ(M,UC,WZ,4,BETA,HC,ALPA,VTHP NR)
[F (DABS(HJ) .LE. BRR} GOTO 170
HJA = RUNCHJ(M,UC,WZ,A,BRTA HC,ALFA, VA, NB)
IF (HJ#HIA) 150,170,160
150 WB = WTHP
GOTo 140
160 WA = WTHP
G0T0 140
170 ALFA = ALFA¥VTHP
GOTo 50
1050 FORMAT(' HJ = ',R10.6)

[
b

180 WRITE (6,1060)K,UC,NR

1060 FORMAT (' SOLUTION OF ¥ = ',I2," UC = ',F10.6," B = ',I1)
DO 190 I=I,NR

190 WRITE(6,1070)I,WZ(I)

1070 FORMAT(' wz(',I1,') = ',P3.1)
DO 200 I = 0,H-2

200 WRITE (6,1080)I,A(I+1)
WRITE (6,1080 JHC,BRTA,ALFA

1080 PORMAT(' 4A(',I2,') = ',F20.6)

1090 FORMAT(' HC = ',F15.6," BETA = ',P15.6," ALPA = ',F10.6)

c SET COBFFICLENT OF S , FIND POLE

DO 210 I = I,H-1

IF (NOD(I,2) .EQ. 0) THEN
AL} = -A(I)

ENDIF

210 CONTINUE
WRITE(6,1100)

1100 FORMAT(/," #¥% SINPLE POLE $%%')
WPR = DSQRT(1.0/ALF4)
WRITE(6,1110)WPR

1110 FORMAT(' WPR = ', P10.6)
WRITE(6,1120)

1120 FORMAT(/," %% CRITICAL POLE $#%')
1C0F(1) = 1.0
XCOF(2) = 0.0
XCOR(3) = HCHALRAS#2
ICOF(4) = 0.0
ICOF(5) = BRTASALPAS$4
N=d

L220

<a



CALL FPOLB(XCOR,N)
1COR(1) = A(1)
D0 220 [ = 1,42
220 XCOR(2¥I+1) = A{I+1)8ALPARS(281)
N= (M-2)82
DO 230 I = 2,N,2
230 XCOR(I) = 0.0
WRITB(6,1130)
1130 FORMAT(/,’ #s% MULTIPLR POLE $#%')
CALL FPOLB(XCOR,X)

WRITE(6,1140)
1140 PORKAT(/,’ -~ cemmeees -==="\/}

$T0P §

£ND
et TSRO ¢
C  PUNCTION RUNC ¢
c ¢
¢ PURPOSE ‘c
¢ CALAULATE DRTERMINANT [M1] AND [M2] FOR N = 6 ¢
¢ ¢
¢ USAGE ¢
c VARIABLE = PUNC(J,K,UR,A,) ¢
¢ ¢
¢ DBSCRIPTION OF PARAMETERS ¢
¢ I - BQUAL 1 OR 2 FOR [H1] OR [N2] C
¢ I - X(1) = HC AND X(2) = BETA ¢
¥ UR - UR OF EQUATION ¢
¥ e - 2 c
c ID = DINT(UR+2.08UC) ------- $ ¢
c KD = DINT(2.08UC)  ----=-- ¥ ¢
c C
T . e ¢

FUNCTION FUNC(J,X,UC,A,ALPA,¥,B)
C

IMPLICIT DOUBLE PRECISION (A-H,0-1)

DIMENSION X(2),A(15),B(15),C(15},D(15)

UR = FLOAT(¥)/2.0

ID = DINT(UR+2,0%UC)

KD = DINT(2.08ucC)

(1) = 1.0
¢
¢ e(2) = -1(1)
C  o{3) = X(2)
¢

(2} = -2.0%1(1)

C(3) = 2.08x(2)+x(1)%1(1)
C(¢) = -2.0%1(2)%x(1)
C(5) = X(2)%x(2)

c(2) = -3.08x{1)
C(3) = 3.08K(2)+3.08%(1)%1(1)

C(8) = 3.08X(2)8x(2)+3.0%X(2)%X(1)8X(1)
©C(6) = -3.08%(2)30(2)%X(1)

C
¢
c
C C(4) = -6.0%X(2)3X(1)-X(1)*X(1)8X(1)
c
c
c

C(T) = x(2)%x(2)%x(2)

b
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---------------------------------------------------------------------

D0 107 I = 0,ID

D(I+1) = 0.0

o 105 £ = 0,KD

CALL RI(UR,I-E,R)

D(I+1) = D{I+1)+R3C(K+!1)
CONTINUE

FUNC = 0.0

G0 10 (1,2),d

DO 130 I = 0,K-2

PUNC = PUNC+A(I+1)%D(N-I)
KX = 2%(K-1)

FUNC = PUNC*ALRASSMY-B(K-141)
RETURN

DO 140 I = 0,H-2

PUNC = FUNCHA{I+1)¥D(H¢1-I)
MY = 2%H

FUNC = FUNCSALRASSNX-B(k+1)
RETURN

END ’

FUNCTION FUNCHJ(N,UC,WZ,A,BRTA ,HC,ALPA,¥,NR)

[NPLICIT DOUBLE PRRCISION (A-H,0-Z)
DINENSION A(15),¥Z(20)

§UC = DINT(UC)

NUR = /2

AW = (WSALRA)$$2

B = 0.0

DO 10 I = 0,K-2

Bl = B + A{I+1)%AWS3L

D0 20 I=1,NUC

BJ = HI#(BETASAWSH2-HCSAN+1.0)
DO 30 I=1,NUR

B = HI®(1,044W)

BT = 1.0

DO 40 I=1,NR

BT = HIT$(1.0-(W/WZ(T))#s2)8%2
R = HIT/W

FUNCHJ = BJ-0.50

RETURN

END

L

SUBROUTINR POLMUL

PURPOSE
HULTIPLY 2 POLYNONIAL  NA = HIGH ORDER OF POLTMONIAL OF A
NA = HIGH ORDER OF POLYNOMIAL OF A
NB = HIGE ORDER OF POLYNOKIAL OF B
USAGE
CALL POLMUL(A,B,C,N4,NB)

SUBROUTINE POLMUL(A,B,C,NA,NB)
INPLICIT DOUBLR PRECISION(A-H,0-Z)

DIMENSION A(3},B(10},C(10}

-

oG aaaaaoaa
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DO 20 I=0,NA+NB

C{I+1) = 0.0
* D0 20 K = 0,NB
J=I-K

IF ({J.GR.0) .AND. (J.LE.NA)) THEN
C(I+1) = C(I+1)+A(J+1)¥B({R41)
ENDIR

10 CONTINUE

20 CONTINUR
RETURN
END

..
s

1] L L] d : Y 8
wmie - TTunTudasany  TUTUNTNERETUAANLINR 1 HLiuLRuA L

C--ommeemmccmcnancann -- e R AT e A ae RS e e - S RN ¢
C C
c SUBROUTINE RI C
c C
¢ PURPOSE c
c FIND RI c
C H
c DRSCRIPTION OF PARAMETERS c
¢ UR C
C I = -INFINIT TO +INFINIT ¢
C R 5 SOLUTION C
e e e L L PR L L P C

SUBROUTINE RI(UR,I,R)
IMPLICIT DOUBLE PRECISION (A-H,0-Z)
IUR = DINT(UR)
IP ((I .LT. 0) .OR.(T .GT.IUR)) THEN
k=100
RRTURN
BLSE IF (I .EQ. 0) THEM
R=1.0
RETURN
ELSE
NNUM = TUR
D0 100 J = 1,I-1
100 NNOW = NKUM¥(IUR-J)
. Do110d =1,I
110 NNUM = NNUM/J
= FLOAT(NNUN)
900 RETURN
ENDIF
kND

€
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An Alternative Design for a
Multiple-Real-Pole /Muitiple-Critical-Pole
All-Pole Equiripple RC Active Low-Pass Filter

P. THAJCHAYAPONG, N. BUABTHONG, AND
S. VANNAKRAJROIN

A design technique for a class of all-pole transfer functions with
multiple real poles and multiple critical poles and equiripple pass-
band magnitude response is described. It is seen as an alternative
design which is mathematically simpler than the generalized
method previously proposed [8]. It is useful for the designer who is
more familiar with the simultaneous linear equations than the
optimization using linear programming.

INTROOUCTION

A class of transfer functions with a multiple critical pole has
been introduced to provide a low Q factor of the critical-pole pair |
{1], [2]. This led to the enhancement of the performance sensitivity -

Manuscript received November 20, 1985.

P. Thajchayapong and N. Buabthong are with the Faculty of Engineer-
ing, King Mongkut’s Institute of Technology, Ladkrabang, Bangkok,
Thailand.

S. Vannakrajrojn is with the Computer Research and Service Center,
King Mongkut's Institute of Technology, Ladkrabang, Bangkok, Thai-
land.
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of an RC active filter.. Later on, other classes of transfer functions
with multiple real poles were also discovered for the realization of
an active RC filter with cascading third-order blocks [3]-[5]. The
main advantage of such realization is the reduction in the number
of operational amplifiers.

Recently, a design of an active RC filter with both a multiple real
pole and a muitiple critical pole has been suggested [6], [7]). Hence,
the simultaneous features of both advantages, i.e., the reduced
number of operational amplifiers and the enhanced performance
sensitivity. The design in [7] was, however, limited to the maximally
flat type only. The purpose of this letter is to describe a design
technique of an all-pole equiripple filter with a multiple real pole
and a multiple critical pole. Although the generalized method
previously proposed [8] can be used to design this new class of
all-pole Chebyshev-like filters, its mathematical procedure is rather

involved, e.g., an optimization search using piecewise-linear pro-

gramming. The technique described here is simplified to merely
solving two sets of simultaneous equations using the well-known
Causs—Jordan elimination. it may, therefore, be considered as an
alternative method for the designers who have not yet familiarized
themselves with the optimization routine using linear program-
ming.

DESICN PROCEDURE

Let the squared attenuation function of the Nth-order low-pass
filter be [7]

n-2
An(@?) = (1 + uz)”'(ﬂw" - hw' + 1)“‘ Z aw? (1)
i=0

where n is an even number, g, and p_ are the multiplicity of the
real pole and the critical pole pair, respectively, and
¢ 1
h.=12--—]yB
f ( Q¢ )‘/—

where Q. is the Q factor of the critical pole pair. The filter order is
given by N=pu, + 2u_+ n—2. Also, if 2u, = n ~ 2, then the
realization can be done by cascadfng g, third-order blocks and p.
second-order blocks [7]. . :

Now for an equiripple design, it is required to find the n+ 1
unknowns ag, &, **, d,—,. B, h. by the well-known Remez itera-
tion, The set of nonlinear equations for the iterative process is
given by :

an(ef) = G @
where j=1,2--,n+1and 0 S wy < wy < *+* <&, <Wpyq. G
=1 and 1 + €* for even and odd j, respectively. To avoid solving
simultaneous nonlinear equations, we decouple them into two sets
of linear equations, e.g.,

n-2 C
i cm / 3
R P PRy

for j=1,2,---,n~1and

PROCEEDINGS OF THE IEEE, VOL. 74, NO. 8, AUGUST 1966



89

V/se

G

)

n-2
(1+af)" ¥ g

i=0Q

-1 (3b)

for je=n,n+1.

it is noticed that (3a) assumes a known set of h, and 8 while
(3b) assumes a know set of a's. Using the Remez algorithm
afternately between these two sets of linear equations, one can
always determine ag, a1,***,d,~3, B, and h, such that A,(«?)
exhibits the equiripple passband magnitude response. Table 1
shows soime of the design results with ¢ = 1. These results have

Table1 Values of Q. and Coefficients of the Normalized
All-Pole Equiripple Design with g, = n/2, § = 2(p. ~ 1),
and € = 1

Be 1 2 3

n 5 - 0 2 4
Q. 11.088978 4.868186 3312717
h, 2.099836 2,056012 1.959371

4 B 1111348 1.102840 1.053605
dg 1.000000 1.000000 1.000000
a; —4.042767 ~5.354067 ~6.371089
a 4.726639 8.602452 12.461399
Q. 24.207855 9.193007 5.720883
h. 2.048283 2.044623 2.007975
B " 1.050658 1.057598 1.039510

6 ag 1.000000 1.000000 1.000000
a, —8.617192 ~-10.956376 —12.974592
a 27.981319 45.203253 63.369523
a3 —38.673531 —78.214477 —-128.415616
a, 19.247845 48.407459 92.729778

already been normalized so that the attenuation is 3 dB at w = 1
rad/s. It is clearly seen that the @ factor of the critical pole pair
decreases with increasing multiplicity. The frequency responses for
n = 6 only are also illustrated in Fig. 1.

CONCLUSIONS i

This letter described how to obtain a new class of transfer
functions with a multiple real pole and a multiple critical pole for
the equiripple design of RC active filters. The problem is nonlinear
in nature but it is simplified by resoiving it into two sets of
simultaneous linear equations. Remez algorithm is then used alter-
nately to find the unknowns. Design examples are also included to
demonstrate the behavior of the Q factor of the critical-pole pair.
The routine was written in Fortran 77 and ran on an IBM-PC
microcomputer. In comparison to the generalized method [8] it is,
therefore, considered as a simplified design method for this class of
filters.
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Fig. 1. Responses for n=6, p, =n/2, and ¢=1. (a) Passband
loss responses. (b) Stopband loss responses. (c) Passband group-
delay responses.
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Transitional multiple-real-pole/multiple-critical-pole transfer functions
for lowpass RC-active filter design

P. THAJCHAYAPONGt and N. BUABTHONG+Y

A new class of all-pole multiple-real-pole/multiple-critical-pole transfer functions is
described. The function characteristics lic between the maximally flat type and the
equiripple type. Hence, they provide a lowpass RC-active filter designer with the
freedom to trade between the selectivity of the filter response and the filter sensi-
tivity.

1. Introduction

It has been shown recently that an all-pole lowpass RC-active filter can be
simultaneously realized with multiple-real-pole and multiple-critical-pole (Premoli
1980, Wei and Chien 1985, Thajchayapong et al. 1986). Such realization provides
the advantages of (a) reduced number of operational amplifiers, and (b) low Q-factor
of the critical pole pair. The design techniques described by Premoli (1980), Wei and
Chien (1985), and Tha_]chayapong et al. (1986) are-however limited to either the
maximally flat type or the equiripple type only. The main objective of this paper is
to propose a technique to obtain a class of multiple-real-pole/multiple-critical-pole
filters which lie between the maximally flat type and the equiripple type. Hence, a
filter designer is now provided with the freedom to trade between the selectivity of
the filter response and the filter sensitivity.

2. Design pl"ocedure

Let the squared attenuation function of the Nth-order lowpass filter be (Wei and
Chien 1985, Thajchayapong et al. 1986)

. a~2
Ayo?) = (1 + P (fo® — ho? + 1} T a0 (1a)

i=0

where n is an even number, 4, amd . are the multiplicity of the real pole and the
critical pole pair, respectively, and

hc=(2—é) JB (1b)

where Q. is the Q-factor of the critical pole pair. The filter order is given by N = p,
+ 21, + n — 2. Also, if 2u, = n — 2, then the realization can be done by cascading
i, third-order blocks and u, second-order blocks.

Received 8 July 1987; accepted 3 August 1987. )
tComputer Research and Service Center, King Mongkut’s Institute of Technology,
Ladkrabang, Bangkok, Thailand.
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To facilitate the transitional filters, the polynomial is now written in a mixture
form as

(n=2)-v
Y a0* Z g+ Y a,,0a,=10r1+¢€ ()
i=0 i=0 i=1

where the order v contributes to the degree of flatness at the origin, while the
remaining order (n — 2) — v contributes to the equiripple peaks in the passband.
Now, for v = n — 2, the polynomial in eqn. (2) reduces to the maximally flat poly-
nomial (Wei and Chien 1985) but if v =0 we obtain the equiripple polynomial
(Thajchayapong et al. 1986). However, if v # 0 and v # n — 2, the transitional poly-
nomials are generated.

Case 1: Odd number of ripple peaks
By assigning ao = 1 and followmg the techmque descnbed by Wei and Chien
(1985), the coefficients a,, a,, ..., a, of ¥ 1., a,w? which gives the flatness at w = 0
can be obtained. The remannmg (n — 2) — v unknown coefficients in )" """ qa,,,
w?¥*? together with the two unknowns B and h_ which give the equmpple response
can be found by the well-known Remez iteration. The set of non-linear equations
for the iterative process is given by ]

Ay(w]) = C; 3

where j=1, 2, ..., (n—v) and 0 <w; <®; ... <W,_y- <W,_, C;=1 and
1 + € for even and odd j respectively. To avoid the complexity in solving simulta-
neous non-linear equations, eqn. (3) is decoupled into two scts of simultaneous
linear equations, e.g.

n—2)-v < C
20+ i 4
,; O = U w0l Bef — how? + 1= ,g e §
forj=1,2,...,n—v—~2,and
C tipe ¥
Bm}‘—hcw}=|: i ] 1 (4b)

(1 + w)* ‘Zo a;wit

forj=n—w—1,n—v
Using the concepts of Remez iteration alternatively between these two sets of
linear equations, the unknowns 4,, 4,4, ..., 3,-3, 8 and h, can always be deter-
" mined such that the equiripple conditions are satisfied.

It is noted that # and h, which are the critical-pole-pair parameters appear both
in the maximally-flat-criteria matrix equation (Wei and Chien 1985) and in the equi-
ripple eqns. (4 a) and (4 b). They are in fact contributing to the last two ripple peaks
near to the band edge but must also be included in the matrix elements when
solving for (a,, a,, ..., a,) satisfying the maximally flat criteria around w = 0. Hence
solving eqn. (6) in Wel and Chien (1985) altematcly with eqgns. (44) and (4 b) is also
necessary.

Case 2: Even number of ripple peaks

The case of transitional filters with even number of ripple peaks can be obtained

by making the following modifications
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LI
v = 0 (Equiripple)
a8 4L . _ .. val .
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(c) 4

Responses for n=6, u.=2, u.=3 and € =1. () Passband responses. (b) Stopband
responses. (c) Passband group delay responses.

v W, Q. Wo, Qo Wo, Qo1 Wo2 Qo2

6 0-288988 0-5 0986097 9-193007 0-769479 5-728362 0-492691 2-600692
5 0423759 05 0985146 8425742 0-746660 4-947913  0-430362 1-782810
4 0486858 05 0984116 7-646180 0-717110 4-071319 0-389246 0-885868
3 0626696 05 0982527 6544418 0-661288 2:760960 0-500472 0-676836
2 0715563 05 0981088 5-313506 0-614401 1-279694 0-572700 0-617289
1 0913979 05 0982789 3-731118 0-755894 0-896971 0-742183 0-582132
0 1159985 05 1064774 1971070 0-940557 0-781347 0959167 0-565062

The pole location and Q-factors for the tenth-order transitional multiple-real-pole/multiple-
critical-pole filters,n = 6, . = 2, 4, = 3and e = 1.
(@ ap=1+¢€3 and
(b) C;=1and 1 + €* for odd and even j respectively.
It is also worth noting here that when there are only two ripple peaks (see case

v=15in the f‘igure), either 8 or h_ can be chosen to give the peak near to the band
edge. .

3. Design example

Since double multiplicity in the critical pole is practically most attractive, the
case of u, =2, n =6, u, = 3 and € = 1 is chosen as the design example. If the trans-
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fer function of the filter is defined as (Stojanovic and Pavlovic 1979, 1980, Thajchay-
apong et al. 1980, 1982) .
1 * T
F N(s) = (n-2)/2
(1 + S/ (1 + S/(wee o) + S* /w0l ) [T {1 + SHwyQu) + 8%/}
: i=1

. &)
then the numerical results are as shown in the Table. The Figure illustrates the

corresponding frequency responses. The results are normalized such that w,,, = 1
rady/s.

4. .Conclusions

A technique has been described whereby a class of transitional filters with
multiple-real-pole and multiple-critical-pole can be obtained. The filter character-
istics lie between the two extremes described in previous reports (Wei and Chien
1985, Thajchayapong et al. 1986). Hence, it provides a filter designer with the extra
freedom to trade off between the selectivity of the -attenuation and the filter sensi-
tivity. It may also be seen as the generalized approach to the previous classes of

transitional filters reported by Stojanovic and Pavlovic (1979, 1980), and Thajchaya-
pong et al. (1980, 1982).
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