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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.

> Per (8.54), P, =1+k’T; [Ej for a Chebyshev low-pass filter.

)

c

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

()

c

» Therefore, P, (m,)=1+k>T; [KJ =1+K°.

> Here, we desire P, (@,)=1+k>=1dB =10""=1.2589254 = k*=0.2589254.

» Solving we get k =+0.50884714 = kpos =0.50884714 & knee = -0.50884714.

» For our prototype second order low-pass filter, we let R, = 1 and assume @.= 1 rad/s.

R=1Q L
AN———TTT o

V. == SR=R
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» Now (8.54) becomes (8.61) P, =1+ kT ().
» For N=2, per (5.56b) T, (x)=2x"—1,s0 T} (®) = (20)2 —1)2.
» Equating the Pz equation (8.60) with (8.61) yields (8.62)

P =1+k* (207 -1} =1+ k(40" 40 +1)

=1+ ﬁ[(l —R) +(R’C* + ' =2LCR)w’ + LC’ R’ 00" |
. 1 (1-R)’
> Letting =0, we get 1+k°=1+—|(1-R)’ | = k'=~—"2.
omomessor 10w - k-0
> After some algebra & using the quadratic formula, we get (8.63) R =1+2k> £ 2k~\1+ k> .

» For this case, R =1+2(0.258925) + 2(+0.508847)~/1.258925 which has two possible
solutions = Rbpig =2.65972256 & Rsman = 0.375979.

L'C*R? e 42k*R _16k°

» Equating the o" coefficients of (8.62) gives 4k* = = = .
quating (8.62) g R R




EE 481/581 Microwave Engineering, 8 06.docx 2/4

neg

+
» Solving for the inductance, L _ Fk which implies , =——F%or L, =—2= are

CJR ¢ oJR N

the realizable solutions where L > 0.

» Equating the «” coefficients of (8.62) gives

—4k* :ﬁ(}ezc2 + 1’ -2LCR?)
16k
C’R

2
16k*RC* + R*C* +%—2LR2C3 —0

—16k*R = R*C* + —2LCR?

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

2 k
16k*RC* + R°C* + 16}? —2[ neg JRZC3 =0

cJR

8k R* 2
R*°C* +| 16k*R + —2& C2+16k =0.
JR R

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

2 4k
16k2RC2+R2C4+161§ —2( "”jRZcﬁ:o

CJR

8k R* 2
R*°C* +| 16k°R — —22 C2+16k =0.
JR R

» MathCAD was used to solve these polynomials for C to determine which combination(s)
of Ryig, Rsmatl, kpos, and kneg lead to realizable values of L & C.

» As shown, only the Ruig & knew OF Rypig & kpos combinations work and yield the same
solutions. The 2"-order prototype Chebyshev low-pass filter w/ a ripple of 1 dB is

shown below. In terms of immittances: [go =1, g1 =1.822, g, = 0.685, and g3 = 2.6597.

g :

o
[l

= = 0.685 F § R=2.6597Q

o
-
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Case 1 k. and Ry~ C & L are real & positive!

neg
¢ .2
Rbig
0 .
[ 7.0741
,
8-kneg-Rbig~
veasel := | 16-ksqrd-Rbig + eg_ £ ’
+ Rbig veasel = | —6.6389
0 0
16-ksqrd . 1.5576

L Rbig

e

)
, 8-kneg-Rbig” 16-ksqrd
£(C) := Rbig-C" + | 16-ksqrd-Rbig + — == |.c* 4 = 90

ﬂbeig Rbig
—4-kn
Ci=0.5 C1 := root(f(C),C) Ll= ———8 R1 := Rbig
C1-+/Rbig
IC1 = 0.684997 | IL1=1.821967 | IR1 = 2.659723 |
Case2 K, and Ry~ NO. C & L arc complex
i .
Rsmall™
0 |
[ 0.1414
S
8-kneg-Rsmall”
vease? = | 16-ksqrd-Rsmall + cgsma 0
yRemall vease2 = | 0.6191
0 0
15k"-_-q1d \_11.‘]13?

\ Rsmall

8-kneg:- Rsmall® | 5 16-ks qrd

2 4 2
f C — RlI I.I. 'C + lﬁlkll ‘dIRII I.I.+ + - .
£(C) sma | sqrd-Rsma T Remall
C:=0.5 C2 := root(f(C).C) L2 := _Alneg R2 := Rsmall
o C2-+/Rsmall

Rs=1| [C2=-1.822-2.347i| [L2=-0.685+0.882i| [R2= 0.375979 |
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Case 3 kpﬂs and Rpig- € & L are real & positive and same values as Case 1!

i .2
Rbig
0 .
[ 7.0741
,
8 kpos-Rbig™
veased = 16-ksqrd-Rbig — '130‘:- = ’
+ Rbig veasel = | —6.6389
0 0
16-ksqrd . 1.5576

L. Rbig

S-l-:pr-::.a'-R’.brig2 2 16-ksqrd

i

+ .
+/Rbig Rbig

£(C) = Rbig>C” + | 16-ksqrd-Rbig

4-kpos
Ci=0.5 C3 = root(f(C),C) L3 := — b2 R3 := Rbig
C3-+/Rbig
IC3 = 0.684997 | IL3 = 1.821967 | IR3 = 2.659723 |
Case 4 Ik, and Ry~ NO. C & L are complex
{ 3
Rsmall”
0 |
[ 0.1414
R
8-kpos-Rsmall”
veased = | 16-ksqrd-Rsmall — pof e 0
yRemall veased = | 0.6191
0 0
15k"-_-'q1d \_11.‘]13?

\ Rsmall

8-kpos: Rsmall® | 5 16-ks qrd

e

C™ +

£(C) = Rﬁllllalll'c4 + | 16-ksqrd-Rsmall —

+/ Remall Rsmall
4-kpos

C:=05 C4:=root(f(C).C) I4=—— i — Pe

o (£( C4-+/Rsmall R4 := Rsmall

Rs=1| [C4=-1.822-2347i | [L4=-0.685+0.882i| [R4=0.375979 |
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