Solving the continuous Sallen Key low pass equations using
trapezoidal integration and equivalent currents
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m Trapezoidal integration of capacitor
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m Solving for terms using nodal analysis (also called KCL, ie the sum of currents at each node
is zero)
Cl ear ["d obal © %" 7;
nodevl =g (vO-vl) - (gc (vl-kv2) -icleq) ==0
nodev2 =g (v1-v2) - (gc (v2-0) -ic2eq) =

subst = {gc » 1}
Sol ve[{nodevl, nodev2} /. subst, {v1, v2}, {}1[[1]1] // FullSinplify
Sol ve[{nodevl, nodev2} /. subst, {v2}, {vO}1[[11] // FullSinplify

icleq+g (vO-vl) -gc (vl-kv2) =0
ic2eq+g (vl-v2) -gcv2 =0
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m Plotting regrouped terms

a0 =1/ ((1+9)*-gk) /. {g~>Tan[rwc]};

al =ka0 /. {g-»Tan[xrwc]};
a2=(1+g)al0 /. {g-»Tan[wrwc]};
a3=ga2 /. {g-»Tan[rwc]};
ad =gal /. {g-»Tan[xrwc]};
ab=ga4 /. {g-»Tan[rwc]};
Show[
Tabl e[Pl ot [{al, a2, a3, a4, a5}, {w, 0, 1/2}, PlotRange - All], {k, 0, 2, 0.5}]]
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Final algorithm

Cl ear

icleq = 0;

ic2eq = 0;

Set

g = Tan[x cutoff/sanplerate];

k = 2*res;

a0 = 1/ ((1+9)?-gk);

al = k*a0;

a2 = (1 + g)*a0;

a3 = g*a2;

a4 = g*ao0;

a5 = g*a4,

Ti ck

(9*, 7+, 16 total ops for |ow)
vl = al*ic2eq + a2*icleq + a3*vO0;
v2 = a2*ic2eq + ad*icleq + a5*vO0;
icleq = 2*(vl - k*v2) - icleq;
ic2eq = 2*(v2 ) - ic2eq;
low = v2

Final algorithm using v1 to compute v2

C ear

icleq = 0;

ic2eq = 0;

Set

g = Tan[ cutoff/sanplerate];

k = 2*res;

a0 = 1/ ((1+9)?-gk);

al = k*a0;

a2 = (1 + g)*a0;

a3 = g*az,

ad = 1/(1 + g);

a5 = g*a4;

Ti ck

(8%, 6+, 14 total ops for |ow)
vl = al*ic2eq + a2*icleq + a3*vO0;
v2 = ad*ic2eq + ab5*vil;

icleq = 2*(vl - k*v2) - icleq;

o
N
)
o
1

2*(v2 ) - ic2eq;

low = v2
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Test of algorithm

ClearState[] : = Block[{},
icleq =0;

ic2eq =0;

1

Set Coeff [cutoff_, res_, sanplerate_] : =Bl ock[{},
g = Tan[rcutof f /sanpl erate];

k =2 =xres;
a0=1/((1+9)*-gk);
al = k » a0;

a2 = (1+9) »a0;

a3 =g *az,

a4 =g *a0;

ab = g a4;
|E

Tick[t_, vO_]:=Block[{vl, v2, v3},
vl =alxic2eq+a2x+icleq+a3x*v0;
v2 =a2xic2eq+adxicleq+abx*vo0;
icleq=2=x% (vl-k=xv2) -icleq;
ic2eq =2« (v2) -ic2eq;

Return[{t, vO, v2}]

1

h=1.0/744100.0;
t1 = 0.005;

drive = 1;

freq =1000. 0;

MySaw([x_1] : =2 (x - Fl oor [x] -0.5);
MyGsc[x_]1 :=drive MySaw[freqx];

ClearStatel];
Set Coef f [500.0, 0.5, 44100.0];
tp0 = Tabl e[Tick[t, MyGsc[t1], {t, O, t1, h}I;

ListPlot [{tpO[[AIl, {1, 2}1]}, PlotLabel - "input", Joined - True, PlotRange -» All ]
ListPlot [{tpO[[AIIl, {1, 3}11}, PlotLabel -»"low', Joined - True, PlotRange -» All ]
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