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Putting it in the form of a state increment keeps the all coefficients near zero at low frequencies, 

which is feels intuitively right to me since you just increment a bit of signal onto your existing state to 

do your integration.

Please refer to the other papers located at www.cytomic.com/technical-papers for derivations of 

trapezoidal integration, the maths of circuit solving, and the symols used.

Mixing inputs to make low, band, high SKF 

Solve the laplace equations

Remove@"Global`*"D
eqn = 8va1 � Hm0 v0 - m1 v0 - v1L, va2 � Hm1 v0 + v1 - v2L, v1 == HkL v2 - m2 v0 + vc1,

v2 == m2 v0 + vc2, 0 == g va1 - s vc1, 0 � g va2 - s vc2, hs � v2 � v0<;
hs = hs �. Solve@eqn, 8hs<, 8v1, v2, va1, va2, vc1, vc2<D@@1DD �� FullSimplify

g
2

m0 + g m1 s + m2 s
2

g
2

- g H-2 + kL s + s
2



Boring plots of amplitude response, yes it is a low, band, high, notch, and 

peaking filter!

dB@x_D := 20 Log@Abs@xDD
AmplitudePlot@hs_, m_D := Show@Table@LogLinearPlot@

dB@hs �. 8m0 ® m@@1DD, m1 ® m@@2DD, m2 ® m@@3DD, s ® ä w, g ® 1<D,
8w, 0.1, 10<, PlotRange ® 860, -60<, Frame ® TrueD, 8k, 0, 2, 0.25<DD;

AmplitudePlot@hs, 81, 0, 0<D
AmplitudePlot@hs, 80, 1, 0<D
AmplitudePlot@hs, 80, 0, 1<D
AmplitudePlot@hs, 81, 0, 1<D
AmplitudePlot@hs, 8-1, 0, 1<D
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Solve the nodal circuit equations for an implicit linear SKF, mixing for low, 

band, high

Remove@"Global`*"D
sln =

Solve@8va1 � Hvlow - vband - v1L, va2 � Hvband + v1 - v2L, v1 == HkL v2 - vhigh + vc1,

v2 � vhigh + vc2, 0 == g va1 - Hvc1 - ic1eqL, 0 � g va2 - Hvc2 - ic2eqL<,
8vc1, vc2<, 8v1, v2, va1, va2<D@@1DD �� FullSimplify

sln1 = a �. Solve@Hvc1 �. slnL � ic1eq + a, aD@@1DD;
sln2 = a �. Solve@Hvc2 �. slnL � ic2eq + a, aD@@1DD;
8vc1 ® ic1eq + sln1<
8vc2 ® ic2eq + sln2<
coef1 = Coefficient@sln1, 8vlow, vband, vhigh, ic1eq, ic2eq<D �� Simplify

coef2 = Coefficient@sln2, 8vlow, vband, vhigh, ic1eq, ic2eq<D �� Simplify

:vc1 ®

1

H1 + gL2
- g k

Hic1eq H1 + g - g kL + g H-H1 + gL Hvband - vhigh - vlowL - k Hic2eq + vhigh + g vlowLLL,

vc2 ®

1

H1 + gL2
- g k

Hic2eq + g Hic1eq + ic2eq + vband + H-2 - g + kL vhigh + g vlowLL>

9vc1 ® ic1eq + I-g ic1eq - g
2

ic1eq - g ic2eq k - g vband - g
2

vband + g vhigh +

g
2

vhigh - g k vhigh + g vlow + g
2

vlow - g
2

k vlowM � I1 + 2 g + g
2

- g kM=

9vc2 ® ic2eq + Ig ic1eq - g ic2eq - g
2

ic2eq + g ic2eq k +

g vband - 2 g vhigh - g
2

vhigh + g k vhigh + g
2

vlowM � I1 + 2 g + g
2

- g kM=

:
g H1 + g - g kL

1 + g
2

- g H-2 + kL
, -

g H1 + gL

1 + g
2

- g H-2 + kL
,

g H1 + g - kL

1 + g
2

- g H-2 + kL
, -

g H1 + gL

1 + g
2

- g H-2 + kL
, -

g k

1 + 2 g + g
2

- g k

>

:
g

2

1 + 2 g + g
2

- g k

,

g

1 + 2 g + g
2

- g k

,

g H-2 - g + kL

1 + g
2

- g H-2 + kL
,

g

1 + 2 g + g
2

- g k

,

g H-1 - g + kL

1 + g
2

- g H-2 + kL
>
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Coefficients using Tan, mixing for low, band, high

gt = 8g0m0 ® coef1@@1DD �. 8g ® Tan@Π wD<, g0m1 ® coef1@@2DD �. 8g ® Tan@Π wD<,
g0m2 ® coef1@@3DD �. 8g ® Tan@Π wD<, g1 ® coef1@@4DD �. 8g ® Tan@Π wD<,
g2 ® coef1@@5DD �. 8g ® Tan@Π wD<, g3m0 ® coef2@@1DD �. 8g ® Tan@Π wD<,
g3m1 ® coef2@@2DD �. 8g ® Tan@Π wD<, g3m2 ® coef2@@3DD �. 8g ® Tan@Π wD<,
g4 ® coef2@@4DD �. 8g ® Tan@Π wD<, g5 ® coef2@@5DD �. 8g ® Tan@Π wD<<

:g0m0 ®

Tan@Π wD H1 + Tan@Π wD - k Tan@Π wDL

1 - H-2 + kL Tan@Π wD + Tan@Π wD2

,

g0m1 ® -

Tan@Π wD H1 + Tan@Π wDL

1 - H-2 + kL Tan@Π wD + Tan@Π wD2

, g0m2 ®

Tan@Π wD H1 - k + Tan@Π wDL

1 - H-2 + kL Tan@Π wD + Tan@Π wD2

,

g1 ® -

Tan@Π wD H1 + Tan@Π wDL

1 - H-2 + kL Tan@Π wD + Tan@Π wD2

, g2 ® -

k Tan@Π wD

1 + 2 Tan@Π wD - k Tan@Π wD + Tan@Π wD2

,

g3m0 ®

Tan@Π wD2

1 + 2 Tan@Π wD - k Tan@Π wD + Tan@Π wD2

,

g3m1 ®

Tan@Π wD

1 + 2 Tan@Π wD - k Tan@Π wD + Tan@Π wD2

, g3m2 ®

H-2 + k - Tan@Π wDL Tan@Π wD

1 - H-2 + kL Tan@Π wD + Tan@Π wD2

,

g4 ®

Tan@Π wD

1 + 2 Tan@Π wD - k Tan@Π wD + Tan@Π wD2

, g5 ®

H-1 + k - Tan@Π wDL Tan@Π wD

1 - H-2 + kL Tan@Π wD + Tan@Π wD2

>
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Coefficients in terms of Sin instead of Tan, mixing for low, band, high

ToSins1@x_D := BlockA8ss<,

ss = IHExpandNumerator@ExpandDenominator@FullSimplify@x �. 8g ® s � c<DDD ��.

8c s ¦ 1 � 2 s2<L ��. 9c2 ¦ 1 - s
2=M �.

8c ® Cos@Π wD, s ® Sin@Π wD, s2 ® Sin@2 Π wD<;
ss = Simplify@Numerator@ssD, ExcludedForms ® 8Sin@_D<D �

Simplify@Denominator@ssD, ExcludedForms ® 8Sin@_D<D;
Return@ssD;

E;

gs = 8g0m1 ® ToSins1@coef1@@1DDD, g0m1 ® ToSins1@coef1@@2DDD,
g0m2 ® ToSins1@coef1@@3DDD, g1 ® ToSins1@coef1@@4DDD,
g2 ® ToSins1@coef1@@5DDD, g3m0 ® ToSins1@coef2@@1DDD,
g3m1 ® ToSins1@coef2@@2DDD, g3m2 ® ToSins1@coef2@@3DDD,
g4 ® ToSins1@coef2@@4DDD, g5 ® ToSins1@coef2@@5DDD<

:g0m1 ®

-H-1 + kL Sin@Π wD2
+

1

2
Sin@2 Π wD

1 + Sin@2 Π wD -
1

2
k Sin@2 Π wD

, g0m1 ®

-Sin@Π wD2
-

1

2
Sin@2 Π wD

1 + Sin@2 Π wD -
1

2
k Sin@2 Π wD

,

g0m2 ®

2 Sin@Π wD2
+ Sin@2 Π wD - k Sin@2 Π wD

2 J1 + Sin@2 Π wD -
1

2
k Sin@2 Π wDN

, g1 ®

-Sin@Π wD2
-

1

2
Sin@2 Π wD

1 + Sin@2 Π wD -
1

2
k Sin@2 Π wD

,

g2 ® -

k Sin@2 Π wD

2 - H-2 + kL Sin@2 Π wD
, g3m0 ®

Sin@Π wD2

1 + Sin@2 Π wD -
1

2
k Sin@2 Π wD

,

g3m1 ®

Sin@2 Π wD

2 - H-2 + kL Sin@2 Π wD
, g3m2 ® -1 +

2 I-1 + Sin@Π wD2M

-2 + H-2 + kL Sin@2 Π wD
,

g4 ®

Sin@2 Π wD

2 - H-2 + kL Sin@2 Π wD
, g5 ®

2 Sin@Π wD2
+ Sin@2 Π wD - k Sin@2 Π wD

-2 + H-2 + kL Sin@2 Π wD
>
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Manual simplification of the Sin only terms, mixing for low, band, high

gsm = :g0m0 ®
-H-1 + kL 2 Sin@Π wD2

+ Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
, g0m1 ®

-2 Sin@Π wD2
- Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
,

g0m2 ®
2 Sin@Π wD2

+ H1 - kL Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
, g1 ®

-2 Sin@Π wD2
- Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
,

g2 ®
-k Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
, g3m0 ®

2 Sin@Π wD2

2 + H2 - kL Sin@2 Π wD
,

g3m1 ®
Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
, g3m2 ®

-H2 - kL Sin@2 Π wD - 2 Sin@Π wD2

2 + H2 - kL Sin@2 Π wD
,

g4 ®
Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
, g5 ®

-2 Sin@Π wD2
- H1 - kL Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
>

FullSimplify@gs - gsmD

:g0m0 ®

2 H1 - kL Sin@Π wD2
+ Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
, g0m1 ®

-2 Sin@Π wD2
- Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
,

g0m2 ®

2 Sin@Π wD2
+ H1 - kL Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
, g1 ®

-2 Sin@Π wD2
- Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
,

g2 ® -

k Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
, g3m0 ®

2 Sin@Π wD2

2 + H2 - kL Sin@2 Π wD
,

g3m1 ®

Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
, g3m2 ®

-2 Sin@Π wD2
+ H-2 + kL Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
,

g4 ®

Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
, g5 ®

-2 Sin@Π wD2
- H1 - kL Sin@2 Π wD

2 + H2 - kL Sin@2 Π wD
>

:- g0m0 ®

-2 H-1 + kL Sin@Π wD2
+ Sin@2 Π wD

2 - H-2 + kL Sin@2 Π wD
+

g0m1 ®

2 Sin@Π wD H-Cos@Π wD + H-1 + kL Sin@Π wDL

-2 + H-2 + kL Sin@2 Π wD
, 0, 0, 0, 0, 0, 0, 0, 0, 0>
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Psuedo code, mixing for low, band, high, decoupling mixing from coeffs, 

possibly different inputs

init:

m0 = low mix

m1 = band mix

m2 = high mix

vlow = low pass input * m0

vband = band pass input * m1

vhigh = high pass input * m2

k = 2*res

w = pi*cutoff/samplerate

s1 = sin(w)

s2 = sin(2*w)

nrm = 1/(2 + (2 - k)*s2)

s1n = 2*s1*s1*nrm

s2n = s2*nrm

g0m0 = -(1 - k)*s1n + s2n

g0m1 = -s1n - s2n

g0m2 = s1n + (1 - k)*s2n

g1 = -s1n - s2n

g2 = -k*s2n

g3m0 = s1n

g3m1 = s2n

g3m2 = -s1n - (2 - k)*s2n

g4 = s2n

g5 = -s1n - (1 - k)*s2n

     

clear:

ic1eq = 0

ic2eq = 0

tick:

v0 = input

t1 = vlow*g0m0 + vband*g0m1 + vhigh*g0m2 + g1*ic1eq + g2*ic2eq

t2 = vlow*g3m0 + vband*g3m1 + vhigh*g3m2 + g4*ic1eq + g5*ic2eq

vc1 = t1 + ic1eq

vc2 = t2 + ic2eq

ic1eq = ic1eq + 2.0*t1

ic2eq = ic2eq + 2.0*t2

out = vhigh + vc2

Implementation check against tan version, mixing for low, band, high

CalcCoeff1@cutoff_, res_, mixlow_, mixband_, mixhigh_, sr_D := Block@8w, nrm<,
m0 = mixlow;

m1 = mixband;

m2 = mixhigh;

w = cutoff � sr;
k = 2 * res;

g = Tan@Π wD;

D;
CalcCoeff2@cutoff_, res_, mixlow_, mixband_, mixhigh_, sr_D :=

Block@8w, nrm, s1, s2, s2n, ssn<,
m0 = mixlow;

m1 = mixband;

m2 = mixhigh;

w = cutoff � sr;
k = 2 * res;

;
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s1 = Sin@Π wD;
s2 = Sin@2 Π wD;
w = Π * cutoff � sr;
s1 = Sin@wD;
s2 = Sin@2 * wD;
nrm = 1 � H2 + H2 - kL * s2L;
s1n = 2 * s1 * s1 * nrm;

s2n = s2 * nrm;

g0m0 = -H1 - kL * s1n + s2n;

g0m1 = -s1n - s2n;

g0m2 = s1n + H1 - kL * s2n;

g1 = -s1n - s2n;

g2 = -k * s2n;

g3m0 = s1n;

g3m1 = s2n;

g3m2 = -s1n - H2 - kL * s2n;

g4 = s2n;

g5 = -s1n - H1 - kL * s2n;

D;
Tick1@t_, v0_D :=

BlockB8v1, v2, t0, tc1, t1, t2, vout, vc1, vc2, vlow, vband, vhigh<,

vlow = v0 * m0; H*only using v0 here as the same input to all responses*L
vband = v0 * m1;

vhigh = v0 * m2;

vc1 =
1

H1 + gL2 - g k

Hic1eq H1 + g - g kL +

g H-H1 + gL Hvband - vhigh - vlowL - k Hic2eq + vhigh + g vlowLLL;

vc2 =
1

H1 + gL2 - g k

Hic2eq + g Hic1eq + ic2eq + vband + H-2 - g + kL vhigh + g vlowLL;

ic1eq = 2 vc1 - ic1eq;

ic2eq = 2 vc2 - ic2eq;

vout = m2 v0 + vc2;

Return@8t, v0, vout<D

F;

Tick2@t_, v0_D :=

Block@8v1, v2, t0, tc1, t1, t2, vout, vc1, vc2, vlow, vband, vhigh<,
vlow = v0 * m0; H*only using v0 here as the same input to all responses*L
vband = v0 * m1;

vhigh = v0 * m2;

t1 = vlow * g0m0 + vband * g0m1 + vhigh * g0m2 + g1 * ic1eq + g2 * ic2eq;

t2 = vlow * g3m0 + vband * g3m1 + vhigh * g3m2 + g4 * ic1eq + g5 * ic2eq;

vc1 = ic1eq + t1;

vc2 = ic2eq + t2;

ic1eq = ic1eq + 2.0 * t1;

ic2eq = ic2eq + 2.0 * t2;

vout = vhigh + vc2;

Return@8t, v0, vout<D
D;

sr = 44100.0;

h = 1.0 � sr;
cutoff = 1000.0;

res = 0.5;

MySaw@x_D := 2 Hx - Floor@xD - 0.5L;
MyOsc@x_D := 1 MySaw@400 xD;
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mixlow = 1;

mixband = 0;

mixhigh = 0;

CalcCoeff1@cutoff, res, mixlow, mixband, mixhigh, srD;
CalcCoeff2@cutoff, res, mixlow, mixband, mixhigh, srD;
ic1eq = ic2eq = 0;

tp1 = Table@Tick1@t, MyOsc@tDD , 8t, 0, 0.01, h<D;
ic1eq = ic2eq = 0;

tp2 = Table@Tick2@t, MyOsc@tDD , 8t, 0, 0.01, h<D;
ListPlot@Table@tp1@@All, 81, i<DD, 8i, 3, 3<D,
Joined ® True, PlotRange ® All, PlotLabel ® "Tan version"D

ListPlot@Table@tp2@@All, 81, i<DD, 8i, 3, 3<D,
Joined ® True, PlotRange ® All, PlotLabel ® "Sin version"D

tp3 = Table@Flatten@8tp1@@j, 1DD, tp1@@j, 2DD,
Table@tp1@@j, iDD - tp2@@j, iDD, 8i, 3, 3<D<D, 8j, 1, Length@tp1D<D;

ListPlot@Table@tp3@@All, 81, i<DD, 8i, 3, 3<D, Joined ® True,

PlotRange ® All, PlotLabel ® "residual"D

mixlow = 0;

mixband = 1;

mixhigh = 0;

CalcCoeff1@cutoff, res, mixlow, mixband, mixhigh, srD;
CalcCoeff2@cutoff, res, mixlow, mixband, mixhigh, srD;
ic1eq = ic2eq = 0;

tp1 = Table@Tick1@t, MyOsc@tDD , 8t, 0, 0.01, h<D;
ic1eq = ic2eq = 0;

tp2 = Table@Tick2@t, MyOsc@tDD , 8t, 0, 0.01, h<D;
ListPlot@Table@tp1@@All, 81, i<DD, 8i, 3, 3<D,
Joined ® True, PlotRange ® All, PlotLabel ® "Tan version"D

ListPlot@Table@tp2@@All, 81, i<DD, 8i, 3, 3<D,
Joined ® True, PlotRange ® All, PlotLabel ® "Sin version"D

tp3 = Table@Flatten@8tp1@@j, 1DD, tp1@@j, 2DD,
Table@tp1@@j, iDD - tp2@@j, iDD, 8i, 3, 3<D<D, 8j, 1, Length@tp1D<D;

ListPlot@Table@tp3@@All, 81, i<DD, 8i, 3, 3<D, Joined ® True,

PlotRange ® All, PlotLabel ® "residual"D

mixlow = 0;

mixband = 0;

mixhigh = 1;

CalcCoeff1@cutoff, res, mixlow, mixband, mixhigh, srD;
CalcCoeff2@cutoff, res, mixlow, mixband, mixhigh, srD;
ic1eq = ic2eq = 0;

tp1 = Table@Tick1@t, MyOsc@tDD , 8t, 0, 0.01, h<D;
ic1eq = ic2eq = 0;

tp2 = Table@Tick2@t, MyOsc@tDD , 8t, 0, 0.01, h<D;
ListPlot@Table@tp1@@All, 81, i<DD, 8i, 3, 3<D,
Joined ® True, PlotRange ® All, PlotLabel ® "Tan version"D

ListPlot@Table@tp2@@All, 81, i<DD, 8i, 3, 3<D,
Joined ® True, PlotRange ® All, PlotLabel ® "Sin version"D

tp3 = Table@Flatten@8tp1@@j, 1DD, tp1@@j, 2DD,
Table@tp1@@j, iDD - tp2@@j, iDD, 8i, 3, 3<D<D, 8j, 1, Length@tp1D<D;

ListPlot@Table@tp3@@All, 81, i<DD, 8i, 3, 3<D, Joined ® True,

PlotRange ® All, PlotLabel ® "residual"D
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Solve for the input mixing SKF to show relation to 

regular DF1 coefficients

Remove@"Global`*"D
eqn =

9va1 � Hm0 v0 - m1 v0 - v1L, va2 � Hm1 v0 + v1 - v2L, vc1 � Hv1 - H2 - 2 kL v2 + m2 v0L,

vc2 � Hv2 - m2 v0L, vc1 � ic1eq + g va1, vc2 � ic2eq + g va2,

ic1eq � H2 vc1 - ic1eqL z
-1
, ic2eq � H2 vc2 - ic2eqL z

-1
, hz � v2 � v0=;

hz = hz �. Solve@eqn, 8hz<, 8v0, v1, v2, ic1eq, ic2eq, va1, va2, vc1, vc2<D@@
1DD �� FullSimplify

skfa = Reverse@CoefficientList@Numerator@hzD, zDD;
skfb = Reverse@CoefficientList@Denominator@hzD, zDD;
skfa �= skfb@@1DD
skfb �= skfb@@1DD

hzskf =
skfa@@1DD + skfa@@2DD z

-1 + skfa@@3DD z
-2

1 + skfb@@2DD z
-1 + skfb@@3DD z

-2

hzdf1 =
a0 + a1 z-1 + a2 z-2

1 - b1 z-1 - b2 z-2

slndf1 = FullSimplify@Solve@8a0 � skfa@@1DD, a1 � skfa@@2DD,
a2 � skfa@@3DD, b1 � skfb@@2DD, b2 � skfb@@3DD<, 8g, k, m0, m1, m2<DD

m2 H-1 + zL2
+ g

2
m0 H1 + zL2

+ g m1 I-1 + z
2M

H-1 + zL2
+ g

2 H1 + zL2
+ 2 g k I-1 + z

2M

:
g

2
m0 + g m1 + m2

1 + g
2

+ 2 g k

,

2 g
2

m0 - 2 m2

1 + g
2

+ 2 g k

,

g
2

m0 - g m1 + m2

1 + g
2

+ 2 g k

>

:1,

-2 + 2 g
2

1 + g
2

+ 2 g k

,

1 + g
2

- 2 g k

1 + g
2

+ 2 g k

>

g
2

m0+g m1+m2

1+g
2
+2 g k

+
g

2
m0-g m1+m2

I1+g
2
+2 g kM z

2
+

2 g
2

m0-2 m2

I1+g
2
+2 g kM z

1 +
1+g

2
-2 g k

I1+g
2
+2 g kM z

2
+

-2+2 g
2

I1+g
2
+2 g kM z

a0 +
a2

z
2

+
a1

z

1 -
b2

z
2

-
b1

z

::g ® -

-1 - b1 - b2

-1 + b1 - b2

, k ®

1 - b2

-1 - b1 - b2 -1 + b1 - b2

,

m0 ®

a0 + a1 + a2

1 + b1 + b2

, m1 ®

2 Ha0 - a2L

-1 - b1 - b2 -1 + b1 - b2

, m2 ®

a0 - a1 + a2

1 - b1 + b2

>,

:g ®

-1 - b1 - b2

-1 + b1 - b2

, k ®

-1 + b2

-1 - b1 - b2 -1 + b1 - b2

, m0 ®

a0 + a1 + a2

1 + b1 + b2

,

m1 ® -

2 Ha0 - a2L

-1 - b1 - b2 -1 + b1 - b2

, m2 ®

a0 - a1 + a2

1 - b1 + b2

>>
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Calculate g, k, m0, m1, m2 for some specific DF1 coefficients.

 This is the completely wrong way around to think of this stuff since you should be using the continu-

ous analog filter prototypes since the equations are soooo much easier, as is seen by the results of 

the coefficients, they are fairly elegant and make sense, where the DF1 coeffs are completely 

abastract

DF1 low pass

cw = Cos@Π wD;
sw = Sin@Π wD;
alpha = k * sw � 2;

b0 = 1 + alpha;

b1 = H-2 * cwL � b0;
b2 = H1 - alphaL � b0;
a0 = 1 � 2 H1 - cwL � b0;
a1 = H1 - cwL � b0;
a2 = 1 � 2 H1 - cwL � b0;

Show@Table@Plot@8b0, b1, b2<, 8w, 0, 1<, PlotRange ® AllD, 8k, 0, 2<DD
Show@Table@Plot@8a0, a1, a2<, 8w, 0, 1<, PlotRange ® AllD, 8k, 0, 2<DD

sgkm = FullSimplify@slndf1D
SqrSqrtSimplify@eqn_D :=

FullSimplifyASqrtAFullSimplifyAHeqnL2EE, w > 0 && w < 1 && k > 0E

TableA9g ® SqrSqrtSimplify@g �. sgkm@@iDDD,

k ® H-1Li+1
SqrSqrtSimplify@k �. sgkm@@iDDD, m0 ® Hm0 �. sgkm@@iDDL,

m1 ® H-1Li
SqrSqrtSimplify@m1 �. sgkm@@iDDD, m2 ® Hm2 �. sgkm@@iDDL=, 8i, 1, 2<E

0.2 0.4 0.6 0.8 1.0

-2

-1

1

2
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0.2 0.4 0.6 0.8 1.0

0.5

1.0

1.5

2.0

::g ® -

-1+Cos@Π wD

2+k Sin@Π wD

-
1+Cos@Π wD

2+k Sin@Π wD

, k ® -

k CotA Π w

2
E -1+Cos@Π wD

2+k Sin@Π wD

2 -
1+Cos@Π wD

2+k Sin@Π wD

, m0 ® 1, m1 ® 0, m2 ® 0>,

:g ®

-1+Cos@Π wD

2+k Sin@Π wD

-
1+Cos@Π wD

2+k Sin@Π wD

, k ®

k CotA Π w

2
E -1+Cos@Π wD

2+k Sin@Π wD

2 -
1+Cos@Π wD

2+k Sin@Π wD

, m0 ® 1, m1 ® 0, m2 ® 0>>

::g ® TanB
Π w

2

F, k ®

k

2

, m0 ® 1, m1 ® 0, m2 ® 0>,

:g ® TanB
Π w

2

F, k ® -

k

2

, m0 ® 1, m1 ® 0, m2 ® 0>>
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DF1 high pass

cw = Cos@Π wD;
sw = Sin@Π wD;
alpha = k * sw � 2;

b0 = 1 + alpha;

b1 = H-2 * cwL � b0;
b2 = H1 - alphaL � b0;
a0 = 1 � 2 H1 + cwL � b0;
a1 = -H1 + cwL � b0;
a2 = 1 � 2 H1 + cwL � b0;

Show@Table@Plot@8b0, b1, b2<, 8w, 0, 1<, PlotRange ® AllD, 8k, 0, 2<DD
Show@Table@Plot@8a0, a1, a2<, 8w, 0, 1<, PlotRange ® AllD, 8k, 0, 2<DD

sgkm = FullSimplify@slndf1D
SqrSqrtSimplify@eqn_D :=

FullSimplifyASqrtAFullSimplifyAHeqnL2EE, w > 0 && w < 1 && k > 0E

TableA9g ® SqrSqrtSimplify@g �. sgkm@@iDDD,

k ® H-1Li+1
SqrSqrtSimplify@k �. sgkm@@iDDD, m0 ® Hm0 �. sgkm@@iDDL,

m1 ® H-1Li
SqrSqrtSimplify@m1 �. sgkm@@iDDD, m2 ® Hm2 �. sgkm@@iDDL=, 8i, 1, 2<E

0.2 0.4 0.6 0.8 1.0

-2

-1

1

2

0.2 0.4 0.6 0.8 1.0

-2.0

-1.5

-1.0

-0.5

0.5

1.0
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::g ® -

-1+Cos@Π wD

2+k Sin@Π wD

-
1+Cos@Π wD

2+k Sin@Π wD

, k ® -

k CotA Π w

2
E -1+Cos@Π wD

2+k Sin@Π wD

2 -
1+Cos@Π wD

2+k Sin@Π wD

, m0 ® 0, m1 ® 0, m2 ® 1>,

:g ®

-1+Cos@Π wD

2+k Sin@Π wD

-
1+Cos@Π wD

2+k Sin@Π wD

, k ®

k CotA Π w

2
E -1+Cos@Π wD

2+k Sin@Π wD

2 -
1+Cos@Π wD

2+k Sin@Π wD

, m0 ® 0, m1 ® 0, m2 ® 1>>

::g ® TanB
Π w

2

F, k ®

k

2

, m0 ® 0, m1 ® 0, m2 ® 1>,

:g ® TanB
Π w

2

F, k ® -

k

2

, m0 ® 0, m1 ® 0, m2 ® 1>>

DF1 bell

cw = Cos@Π wD;
sw = Sin@Π wD;
alpha = k * sw � 2;

b0 = 1 + alpha � A;

b1 = H-2 * cwL � b0;
b2 = H1 - alpha � AL � b0;
a0 = H1 + alpha * AL � b0;
a1 = H-2 * cwL � b0;
a2 = H1 - alpha * AL � b0;

Show@Table@Plot@8b0 �. 8A ® 2<, b1 �. 8A ® 2<, b2 �. 8A ® 2<<,
8w, 0, 1<, PlotRange ® AllD, 8k, 0, 2<DD

Show@Table@Plot@8a0 �. 8A ® 2<, a1 �. 8A ® 2<, a2 �. 8A ® 2<<,
8w, 0, 1<, PlotRange ® AllD, 8k, 0, 2<DD

sgkm = FullSimplify@slndf1D
SqrSqrtSimplify@eqn_D :=

FullSimplifyASqrtAFullSimplifyAHeqnL2EE, w > 0 && w < 1 && k > 0 && A > 0E

TableA9g ® SqrSqrtSimplify@g �. sgkm@@iDDD,

k ® H-1Li
SqrSqrtSimplify@k �. sgkm@@iDDD, m0 ® Hm0 �. sgkm@@iDDL,

m1 ® H-1Li
SqrSqrtSimplify@m1 �. sgkm@@iDDD, m2 ® Hm2 �. sgkm@@iDDL=, 8i, 1, 2<E
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0.2 0.4 0.6 0.8 1.0

-2

-1

1

2

0.2 0.4 0.6 0.8 1.0

-2

-1

1

2

::g ® -

A H-1+Cos@Π wDL

2 A+k Sin@Π wD

-
A H1+Cos@Π wDL

2 A+k Sin@Π wD

, k ®

k Sin@Π wD

2
A H-1+Cos@Π wDL

2 A+k Sin@Π wD
-

A H1+Cos@Π wDL

2 A+k Sin@Π wD
H2 A + k Sin@Π wDL

,

m0 ® 1, m1 ®

A k Sin@Π wD A H-1+Cos@Π wDL

2 A+k Sin@Π wD

H-1 + Cos@Π wDL -
A H1+Cos@Π wDL

2 A+k Sin@Π wD

, m2 ® 1>,

:g ®

A H-1+Cos@Π wDL

2 A+k Sin@Π wD

-
A H1+Cos@Π wDL

2 A+k Sin@Π wD

, k ®

k Sin@Π wD -
A H1+Cos@Π wDL

2 A+k Sin@Π wD

2 A H1 + Cos@Π wDL A H-1+Cos@Π wDL

2 A+k Sin@Π wD

,

m0 ® 1, m1 ®

A k CotA Π w

2
E A H-1+Cos@Π wDL

2 A+k Sin@Π wD

-
A H1+Cos@Π wDL

2 A+k Sin@Π wD

, m2 ® 1>>
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::g ® TanB
Π w

2

F, k ® -

k

2 A

, m0 ® 1, m1 ® -A k, m2 ® 1>,

:g ® TanB
Π w

2

F, k ®

k

2 A

, m0 ® 1, m1 ® A k, m2 ® 1>>

DF1 low shelf

cw = Cos@Π wD;
sw = Sin@Π wD;
alpha = k * sw � 2;

sqrtA = Sqrt@AD;
b0 = HHA + 1L + HA - 1L * cw + 2 * sqrtA * alphaL;
b1 = H-2 * HHA - 1L + HA + 1L * cwLL � b0;
b2 = HHA + 1L + HA - 1L * cw - 2 * sqrtA * alphaL � b0;
a0 = HA * HHA + 1L - HA - 1L * cw + 2 * sqrtA * alphaLL � b0;
a1 = H2 * A * HHA - 1L - HA + 1L * cwLL � b0;
a2 = HA * HHA + 1L - HA - 1L * cw - 2 * sqrtA * alphaLL � b0;

Show@Table@Plot@8b0 �. 8A ® 2<, b1 �. 8A ® 2<, b2 �. 8A ® 2<<,
8w, 0, 1<, PlotRange ® AllD, 8k, 0, 2<DD

Show@Table@Plot@8a0 �. 8A ® 2<, a1 �. 8A ® 2<, a2 �. 8A ® 2<<,
8w, 0, 1<, PlotRange ® AllD, 8k, 0, 2<DD

sgkm = FullSimplify@slndf1D
SqrSqrtSimplify@eqn_D :=

FullSimplifyASqrtAFullSimplifyAHeqnL2EE, w > 0 && w < 1 && k > 0 && A > 0E

TableA9g ® SqrSqrtSimplify@g �. sgkm@@iDDD,

k ® H-1Li
SqrSqrtSimplify@k �. sgkm@@iDDD, m0 ® Hm0 �. sgkm@@iDDL,

m1 ® H-1Li
SqrSqrtSimplify@m1 �. sgkm@@iDDD, m2 ® Hm2 �. sgkm@@iDDL=, 8i, 1, 2<E

0.2 0.4 0.6 0.8 1.0

-2

2

4

6
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0.2 0.4 0.6 0.8 1.0

-2

2

4

6

8

::g ® -

-1+Cos@Π wD

1+A+H-1+AL Cos@Π wD+ A k Sin@Π wD

-
A H1+Cos@Π wDL

1+A+H-1+AL Cos@Π wD+ A k Sin@Π wD

,

k ®

A k Sin@Π wD -1+Cos@Π wD

1+A+H-1+AL Cos@Π wD+ A k Sin@Π wD

2 H-1 + Cos@Π wDL -
A H1+Cos@Π wDL

1+A+H-1+AL Cos@Π wD+ A k Sin@Π wD

, m0 ® A
2
,

m1 ®

A
3�2

k Sin@Π wD -1+Cos@Π wD

1+A+H-1+AL Cos@Π wD+ A k Sin@Π wD

H-1 + Cos@Π wDL -
A H1+Cos@Π wDL

1+A+H-1+AL Cos@Π wD+ A k Sin@Π wD

, m2 ® 1>,

:g ®

-1+Cos@Π wD

1+A+H-1+AL Cos@Π wD+ A k Sin@Π wD

-
A H1+Cos@Π wDL

1+A+H-1+AL Cos@Π wD+ A k Sin@Π wD

,

k ® -

A k Sin@Π wD -1+Cos@Π wD

1+A+H-1+AL Cos@Π wD+ A k Sin@Π wD

2 H-1 + Cos@Π wDL -
A H1+Cos@Π wDL

1+A+H-1+AL Cos@Π wD+ A k Sin@Π wD

, m0 ® A
2
,

m1 ® -

A
3�2

k Sin@Π wD -1+Cos@Π wD

1+A+H-1+AL Cos@Π wD+ A k Sin@Π wD

H-1 + Cos@Π wDL -
A H1+Cos@Π wDL

1+A+H-1+AL Cos@Π wD+ A k Sin@Π wD

, m2 ® 1>>
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::g ®

TanA Π w

2
E

A

, k ® -

k

2

, m0 ® A
2
, m1 ® -A k, m2 ® 1>,

:g ®

TanA Π w

2
E

A

, k ®

k

2

, m0 ® A
2
, m1 ® A k, m2 ® 1>>

DF1 high shelf

cw = Cos@Π wD;
sw = Sin@Π wD;
alpha = k * sw � 2;

sqrtA = Sqrt@AD;
b0 = HA + 1L - HA - 1L * cw + 2 * sqrtA * alpha

b1 = 2 * HHA - 1L - HA + 1L * cwL � b0
b2 = HHA + 1L - HA - 1L * cw - 2 * sqrtA * alphaL � b0
a0 = A * HHA + 1L + HA - 1L * cw + 2 * sqrtA * alphaL � b0
a1 = -2 * A * HHA - 1L + HA + 1L * cwL � b0
a2 = A * HHA + 1L + HA - 1L * cw - 2 * sqrtA * alphaL � b0

Show@Table@Plot@8b0 �. 8A ® 2<, b1 �. 8A ® 2<, b2 �. 8A ® 2<<,
8w, 0, 1<, PlotRange ® AllD, 8k, 0, 2<DD

Show@Table@Plot@8a0 �. 8A ® 2<, a1 �. 8A ® 2<, a2 �. 8A ® 2<<,
8w, 0, 1<, PlotRange ® AllD, 8k, 0, 2<DD

sgkm = FullSimplify@slndf1D
SqrSqrtSimplify@eqn_D :=

FullSimplifyASqrtAFullSimplifyAHeqnL2EE, w > 0 && w < 1 && k > 0 && A > 0E

TableA9g ® SqrSqrtSimplify@g �. sgkm@@iDDD,

k ® H-1Li
SqrSqrtSimplify@k �. sgkm@@iDDD, m0 ® Hm0 �. sgkm@@iDDL,

m1 ® H-1Li
SqrSqrtSimplify@m1 �. sgkm@@iDDD, m2 ® Hm2 �. sgkm@@iDDL=, 8i, 1, 2<E

1 + A - H-1 + AL Cos@Π wD + A k Sin@Π wD

2 H-1 + A - H1 + AL Cos@Π wDL

1 + A - H-1 + AL Cos@Π wD + A k Sin@Π wD

1 + A - H-1 + AL Cos@Π wD - A k Sin@Π wD

1 + A - H-1 + AL Cos@Π wD + A k Sin@Π wD

A I1 + A + H-1 + AL Cos@Π wD + A k Sin@Π wDM

1 + A - H-1 + AL Cos@Π wD + A k Sin@Π wD

-

2 A H-1 + A + H1 + AL Cos@Π wDL

1 + A - H-1 + AL Cos@Π wD + A k Sin@Π wD

A I1 + A + H-1 + AL Cos@Π wD - A k Sin@Π wDM

1 + A - H-1 + AL Cos@Π wD + A k Sin@Π wD
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::g ® -

A H-1+Cos@Π wDL

1+A-H-1+AL Cos@Π wD+ A k Sin@Π wD

-
1+Cos@Π wD

1+A-H-1+AL Cos@Π wD+ A k Sin@Π wD

,

k ® -

A k Sin@Π wD -
1+Cos@Π wD

1+A-H-1+AL Cos@Π wD+ A k Sin@Π wD

2 H1 + Cos@Π wDL A H-1+Cos@Π wDL

1+A-H-1+AL Cos@Π wD+ A k Sin@Π wD

, m0 ® 1,

m1 ® -

A
3�2

k Sin@Π wD -
1+Cos@Π wD

1+A-H-1+AL Cos@Π wD+ A k Sin@Π wD

H1 + Cos@Π wDL A H-1+Cos@Π wDL

1+A-H-1+AL Cos@Π wD+ A k Sin@Π wD

, m2 ® A
2>,

:g ®

A H-1+Cos@Π wDL

1+A-H-1+AL Cos@Π wD+ A k Sin@Π wD

-
1+Cos@Π wD

1+A-H-1+AL Cos@Π wD+ A k Sin@Π wD

, k ®

A k Sin@Π wD -
1+Cos@Π wD

1+A-H-1+AL Cos@Π wD+ A k Sin@Π wD

2 H1 + Cos@Π wDL A H-1+Cos@Π wDL

1+A-H-1+AL Cos@Π wD+ A k Sin@Π wD

,

m0 ® 1, m1 ®

A
3�2

k Sin@Π wD -
1+Cos@Π wD

1+A-H-1+AL Cos@Π wD+ A k Sin@Π wD

H1 + Cos@Π wDL A H-1+Cos@Π wDL

1+A-H-1+AL Cos@Π wD+ A k Sin@Π wD

, m2 ® A
2>>

::g ® A TanB
Π w

2

F, k ® -

k

2

, m0 ® 1, m1 ® -A k, m2 ® A
2>,

:g ® A TanB
Π w

2

F, k ®

k

2

, m0 ® 1, m1 ® A k, m2 ® A
2>>
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