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8.6 Solve the design equations in Section 8.3 for the elements of an N = 2 equal-ripple filter if the ripple
specification is 1.0 dB.

> 8.6 with ripple specification changed to 1.5 dB. a) Find the parameter &> as well as
values kneg & kpos. b) Find the equations for the P;r in terms of @ and the circuit
component values. c) Find the two possible values for R, 1.e., Ryman & Rpig. d) Find
equations for realizable values of the inductance Lieg and Liyos in terms of R, C, and
kneg OT kpos. €) Equate o 2 coefficients and then use the Lineg & Lipos €quations to
generate two polynomials in terms of C. f) Find R,, L, C, & R and draw prototype
low-pass filter circuit with component values. [Hints: Try all four permutations of
kneg, kpos, Rsmai, and Ryig 1n the polynomials to find the solution with realizable
components. Consider using quadratic formula or numerical polynomial root solver.]

@
)

c

a) Per (8.54), P, =1+k'T ,3[ j for a Chebyshev low-pass filter.

Chebyshev polynomials are equal to 1 when their argument is 1, i.e., 7 (1) =1 at @ = ..

Therefore, P, (®,)=1+k"T, [&j =1+k". Here, we desire

Q)

c

Pi(w)=1+k>=15dB =10"""=1.412537545 = k*>=0.412537545.

Solving we get k£ =+0.642290857 = kpos =0.642290857 & kneg =-0.642290857.
b) For our prototype second order low-pass filter, we let R; = 1 and assume w.= 1 rad/s.
R=1Q L
MV o—TIN o
V. =—=C SR=R

Now (8.54) becomes (8.61) P,, =1+ k’T,; (). For N=2, per (5.56b) T,(x)=2x" -1, so
T} (a)) = (2(:)2 — 1)2 . Equating the P; equation (8.60) with (8.61) yields (8.62)

P=1+k (20" ~1) =1+ (40" — 40’ +1)

=1 +ﬁ[(l —RY +(R'C* + ' =2LCR* )0’ + 'C’R’0)* |

: 1 (1-R)?
c) Letting w=0,we get 1+k°=1+—| (1-R)*| = k*=———.
) g g Al 0-R)] 7

After some algebra & using the quadratic formula, we get (8.63) R=1+2k"> + 2k 1+ k" .
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For this case, R =1+ 2(0.412537545) + 2(+0.642290857)+/1.412537545 which has two
possible solutions = Rpig = 3.351803 & Rsman = 0.298347.

2,2 p2 2712 2
d) Equating the w* coefficients of (8.62) gives 4k* = LCR = [ = AKR_16k

~C’R* (R
Solving for the inductance, L _ Fk which implies L —_—k"eg or L —% are
> \/E kneg C\/E kpos C\/E

the realizable solutions where L > 0.

e) Equating the «” coefficients of (8.62) gives
4k = L(ch2 + 1’ —2LCR%)
4R

16k*

C’R

2
16k*RC* + R*C* +% _2LR*C* =0

—16k*R = R*C* + —2LCR?

If Lineg 1s substituted in, we get a polynomial in terms of C.

2 -4k
16/(2RC2+R2C4+161;C —2( "eij2C3 =0

cR

8k R? 2
R*C* +[16k2R +LJC2 + 16k” _ 0.

JR R

If Lipos 1s substituted in, we get another polynomial in terms of C.

2 4k
16k2RC2+R2C4+16}f —2( = JR2C3:O

cR

JR R

8k R? 2
R*C* +[16k2R —chz + 16k” _ 0.

f) MathCAD was used to solve these polynomials for C to determine which combination(s)
of Rbig, Rsmall, kpos, and kneg lead to realizable values of L & C. As shown, only the Ry, &
knew OF Ryig & kpos combinations work and yield the same solutions. The 2"_order
prototype Chebyshev low-pass filter w/ a ripple of 1.5 dB is shown below. In terms of
immittances: |go =1, g1 = 2.1688, 2> = 0.6470, and g3 = 3.3518§|.
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Case 1l k,, and Ry~ C & L are real & positive!
( .2
Rbig
0 {
11.2346
¥
8-kneg-Rbig”
veasel = lﬁk‘iqldelg + % 0
y HR01g veasel = | —9.4072
0 0
161{‘.1'(]1{1 \ 1.9603
\ R]Jlg
¥
. 8-kneg-Rbig” 16-ksqrd
£(C) := Rbig>-C” + | 16-ksqrd-Rbig + ——2 2% | 2 2500
:..'Rblg Rblg
—4-kn
C=05 C1:= root(f(C),C) L1:=_—— %2 R1 := Rbig
Cl-+/Rbig
IC1 = 0.647038 | IL1=2.168815 | [R1 = 3.351803 |

Case2 F.and Rypy- NO. € & L are complex

( 7
Ramall™
0
" 0.089
,}
8-kneg-Rsmall”
vease? = | 16-ksqrd-Rsmall + eg-Rsma )
m vease2 = | 1.1319
’ 0
16-ksqrd [ 22.1239

\ Rsmall

S-lmeg-Rsnlall2 2 16-ksqrd

+ -
s/ Remall Rsmall

—4kn
C:=05 C2:=root(f(C),C) L2:= i

- C2-/Bamall

Rs=1| |[C2=2.169-3.3261 | [L2=10.647+0.992i| [R2=0.298347 |

f(C) = Rsmall>-C* + 16-ksqrd-Rsmall +

E2 := Rsmall
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Case 3 k,,. and Rbig' C & L are real & positive and same values as Case 1!

Dos
s .2
Rbig™
ﬂ -
11.2346
¥
8-kpos-Rbig™
vease3 = | 16-ksqrd-Rbig — L-lg ’
+ Rbig veased = | —9.4072
0 0
16-ksqrd 1.9693

\ Rbig

e

+ :
+/Rbig Rbig

4-kpos

)
: 8-kpos-Rbig™ 16-ksqrd
£(C) == RbigC* + | 16-ksqrd-Rbig - — o2 |.c? 4 2 —4C

C:=05 C3 := root(f(C),C L3=— R3 := Rbi
oot root(£(C).C) CS-M 1z
|C3 = 0.647038 | [L3 = 2.168815 | [R3 = 3.351803 |

Case 4 kpos and R, .- NO. C & L are complex

( 7
Ramall™
[J -
" 0.089
,}
8-kpos-Rsmall”
veased = | 16-ksqrd-Rsmall — Cpos-wsma 0
/Rsmall N
’ 0
16-ksqrd [ 22.1239

\ Rsmall

E\i-lq:ro.f::-Rr::mall2 2 16-ksqrd
C" +

f(c) = Rsmall>-c* + 16-ksqrd-Rsmall —

+fRsmall Rsmall
4-kpos

C:=0.5 C4:=root(f(C).C L4 = ——— 1 — Da

e (£(©).C) C4-./Rsmall E4 := Rsmall

Rs=1] [C4=2.160-3.326i | [L4=0.647+0.992i| [R4=0.208347 |




