
 

85

 

9. W
A

V
E

 A
C

T
IV

E
 F

ILT
E

R
S

 

9.1
D

eterm
ine first the 

 

K

 

 m
atrix for a shunt adm

ittance. W
e get

 

V

 

1

 

 =
 

 

V

 

2

 

V

 

1 

 

=
 

 

Y

 

(

 

I

 

1

 

 – 

 

I

 

2

 

)

 

 

 

i.e., 
. Inserting 

 

A

 

 =
 1, 

 

B

 

 =
 0, 

 

C

 

 =
 

 

Y

 

 and 

 

D

 

 =
 1 into E

q. (9.19) yields

 

s

 

11

 

 =
 (1 – 

 

Y
R

 

 – 1)/

 

Δ

 s  

12

 

 =
 2

 

R

 

1

 

G

 

2

 

/

 

Δ

 

s

 

21

 

 =
 2/  

Δ  

s

 

22

 

 =
 –(1 +  

Y
R

 

1

 

 – 

 

R

 

1

 

G

 

2

 

)/

 

Δ

 

Δ

 

 =
 1 +

 

Y
R

 

1

 

 +
 

 

R

 

1

 G

 2  

A
fter sim

plification w
e get

 

s

 

11

 

 =
 (

 

G

 

1

 

 – 

 

G

 

2 

 

– 

 

Y

 

)/(

 

G

 

1

 

 +
 

 

G

 2  +  Y  

)

 

s

 

11

 

 =
 – 

 

Y

 

/(2

 

G

 

+

 

Y

 

)

 

s

 

12

 

 =
 2

 

G

 

2

 

/(

 

G

 

1

 

 +
 

 

G

 

2 

 

+
 

 

Y

 

)

 

s

 

12

 

 =
 2  G  

/(2

 

G

 

+

 

Y

 

)

 

s

 

21

 

 =
 2

 

G

 

1

 

/(

 

G

 

1

 

 +
 

 

G

 

2 

 

+
 

 

Y

 

)

 

s

 

21

 

 =
 2

 

G

 

/(2

 

G

 

+

 

Y

 

)

 

s

 

22

 

 =
 (

 

G

 

2

 

 – 

 

G

 

1 

 

– 

 

Y

 

)/(

 

G

 

1

 

 +
 

 

G

 

2 

 

+
 

 

Y

 

)

 

s

 

22

 

 =
 – 

 

Y

 

/(2

 

G

 

+

 

Y

 

)
A

lternatively, the scattering m
atrix for a series im

pedance Z
 is according to E

q. (9.20)

 using the theorem
 w

ith a series im
pedance em

bedded betw
een tw

o gyrators. W
e

get a shunt adm
ittance 

 

Y

 

 =
 

 

Z

 

/

 

R

 

2

 

. H
ence, a series im

pedance w
ith 

 

Z

 

 =
 

 

Y
R

 

2

 

 yields

 
.

T
he gyrators correspond, according to Figure 9.9, to sign-inversion of the reflected w

aves. H
ence w

e
change the signs of the factor that is m

ultiplied w
ith A

 

2

 

. T
he scattering m

atrix for a gyrator is

. W
e get the scattering m

atrix for an em
bedded tw

o-port

 
 =

 
 =

 
 and w

ith the series

im
pedance 

 

Z

 

 =
 

 

Y
R

 

2 

 

w
e get 

 

9.2
W

e have the incident and reflected w
aves to a port 

 

a

 

 =
 

 

v 

 

+
 

 

R
i 

 

and

 

 

 

b

 

 =
 

 

v 

 

– 

 

R
i

 

 w
here all variables are 

sinusoidals. T
his yields 

 

V
 =

 

 

(

 

a+
 b

 

)

 

 

 

and 

 

I =
 

 

(

 

a– b

 

)/

 

R

 

 w
here 

 

V

 

 and 

 

I

 

 are r.m
.s. values.

T
he pow

er into a port is: 

 

P

 

 =
 real{

 

V
 I

 

*

 

} =
 (

 

a+
 b

 

)(

 

a– b

 

)/

 

R

 

 =
   (|

 

a| 2– |b| 2)/R
 =

 G
(|a| 2– |b| 2)

9.3
W

e get
L

1 ’ =
 2 R

0 τ5
C

1 ’ =
 τ6 /(2R

0 )
L

2 ’ =
 R

0 τ3 /2
C

2 ’ =
 2τ4 /R

0

L
3 ’ =

 2 R
0 τ2

C
3 ’ =

 τ1 /(2R
0 )

and
τ1  =

 2Ω
2 /ω

I 2L
3

τ4  =
 C

2 /2Ω
2

τ2  =
 L

3 /2Ω
2

τ5  =
 L

1 /2Ω
2

τ3  =
 2Ω

2 /ω
I 2C

2
τ6  =

 2Ω
2 /ω

I 2L
3  

T
he constant R

0  >
 0 is arbitrary and affects only the im

pedance level in the w
ave tw

o-ports.

K
1

0,
Y

1,
⎝

⎠
⎛

⎞
=

S
1

Z
2R

+
----------------

Z
2R

,2R
Z,

⎝
⎠

⎛
⎞

=

S
1

Y
2G

+
-----------------

Y
2G

2G
Y

=

B
1

B
2

0
1–

1
0

A
1

A
2

=

B
1

B
2

0
1–

1
0

s11
s12

s21
s22

0
1–

1
0

A
1

A
2

=
s21

–
s22

–

s11
s12

0
1–

1
0

A
1

A
2

s22
–

s21

s12
s11

–

A
1

A
2

S
Y

1
Y

2G
+

-----------------
Y–

2G
2G

Y–
=
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9.4
A

 crossover netw
ork has not very high stopband attenuation in the tw

o stopbands. H
ence, w

e m
ay 

realize a low
pass filter and use to com

plem
entary output for the highpass part. W

e get

w
here the inductances and yield the t-factors τL  =

 L/2R
 and τC  =

 R
C

/2, respectively.

9.5

9.6
A

ccording to Feldtkellers E
q. (9.37) w

e have: 

In this case, w
e estim

ate that |s11 | ≤ 20 dB
 in the passband, i.e., the m

axim
um

 of the m
agnitude of

reflection function is less than |s11 | =
 10

–A
m

ax s11/20 =
 10

–(20/20) =
 0.1 and 

 =
>

 A
m

ax  =
 0.043648 dB

A
1

B
1

A
2

τ1

τ2

τ3

τ4

τ5

τ6
–1

–1

B
2

G
yrator

G
yrator

P
arallel resonance

circuit

S
ignal

source
and R

1
L

oad
P

arallel resonance
circuit

P
arallel resonance

circuit

A
2 =

 0

B
2

A
1

B
1

τ1

τ2

–1
τ3

τ4

–1
τ5

s11
2

s21
2

+
1

=

s21
1

s11
2

–
0.994987

=
=


