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Abstract In this paper we show the bagic conceptg of
the equivalent transformations for a class of mixed
lumped and distributed circuits and extend these trans-
formations to mixed lumped and multi-conductor coupled
circuits. Then we discuss an equivalent transformation
for a circuit consisting of a cascade connection of

a lumped resonant circuit and unit element.

I. INTRODUCTION

It is well known that equivalent transformations are
very powerful for analyzing and synthsizing the dis=-
tributed transmission-line circuits and a large number
of useful equivalent circuits have been recorded {11~
[111.

Many articles have discussed the analysis and syn-
thesis of nonunifrom transmission lines and it has been
shown that nonuniform transmission lines show superior
responce than the ones of uniform transmission lines
[12}-1151. But it is quite difficult to find exact
network functions of general nonuniform transmission
lines from the telegrapher's equation except some non-
unifrom transmission lines. Mixed lumped and dis-
tributed circuits also show superior responce and
small-sized circuits can be obtained [16]-[19].

We have shown the equivalent transformations for a
class of mixed lumped and distributed circuits by
applying Kuroda's identities n-times and proceeding
to the limit n =+ = [20]-{21]. By using these equiv-
alent transformations, network functions of many non-
uniform transmission lines can be obtained exactly and
new design methods for mixed lumped and distributed
circuits may be obtained.

In this paper, we first show the basic ideas of
these equivalent transformations. Secondly we apply
these ideas to m-port stub-circuits and multi-conduc-
tor coupled circuits and show the equivalent transfor-
mations for mixed lumped and coupled transmission line
circuits. Finally we discuss the transformation for
mixed lumped resonant circuit and unit element ( UE ).

IT. EQUIVALENT TRANSFORMATIONS FOR MIXED LUMPED AND

DISTRIBUTED CIRCUILTS

Kuroda’s identity can be applied n-times (n:integer)
to the circuit shown in Fig.l(a), where line length and
the characteristic admittance of the single open stub
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Fig.l. Kuroda’s identity for the series open stub.

0149-645X/82/0000-0518 $00.75 © 1982 IEEE

518

are &/n and C, respectively, and line length and the
characteristic admittances of the lossless uniform
transmission lines (UE’s) are #mandy, (i=1,2,~-,n).
The transformed circuit is one consisting of a cascade
connection of UE’s with line length &/n, a single open
stub and an ideal transformer as shown in Fig.l(b). The
element values of the transformed circuit are given as
follows:
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The characteristic admittances Y, of the UE’s are dis-~
crete values decreasing monotonitally. The coordinates
x of the i-th UE is given by

x ==L (10)
By substituting (10) in (6) and proceeding to the limit

n + « in such a way that C + « but C_. remains finite,

then we obtain 0
- . y.
nlim"Yj=n1-1>m°°ka= R
-1 @+ kM
0
= Y(x). (11)

Y(x) is the characteristic admittance distribution of
the parabolic tapered transmission line. Namely, if
Kuroda’s identity are applied a number of times, the
characteristic admittance distribution of the tramns-
formed circuit turns from a discrete function of the
distance x into a continuous function. Under this con-
dition, the admittance y, and Y, of the single open
stubs shown in Fig.1(a) Fhd (b),lgespectively, yield
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where B is the phase constant. Namely, the single open
stubs become lumped capacitors.

Here, we define the characteristic admittance of the
i-th UE of the circuit shown in Fig.1(a) as follows:
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¥y YO[l et 1) + nz (-1 4 ..., as
where Y_ is the characteristic admittance of the first
UE and "a_ (m=1,2,-~ ) are constants. By setting coef-
ficients a_ appropriate values and proceeding to the
limit n > ®, we can obtain the various characteristic

admittance distribution Y(x) of nonuniform transmission
line from (14)
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By using the same techniques described above, we obtain
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Namely, we obtain equivalent transformation for mixed
lumped and nonuniform distributed circuit shown in
Fig.2.
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Fig.2. Equivalent transformation for mixed lumped

and nonuniform distributed circuit.

In the same manner, we can apply Kuroda’s identity
n-times to the circuit shown in Table I, where L and W,
(i=1,2,--,n) are the characteristic impedances of the
single short stub and UE’s, respectively. By setting
L = nL and proceeding to the limit n —+ ®, we obtain
the equivalent transformation shown in Table II.
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Table 1.

From circuits in Fig.2 and Table ITI, the equivalent
circuits of the transformed nonuniform transmission
lines with Y(x) and Z(x) can be expressed as the mixed
lumped and nonuniform distributed circuits. Therefore,
if an exact network function of an original nonuniform
transmission line is given, a network function of a
transformed nonuniform transmission line can be derived
exactly.
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A
y WG SR}
0 k 1l:k
, T
) ] 1
x=0 x=4 x=0""" x=f 7
Formula
X
2
kGO=1 ++— ~ W(A) d(—z—) . k=k(x) wep » 20O= W(x)
0 k(x)
Table II.
III. EQUIVALENT TRANSFORMATIONS FOR MIXED LUMPED AND

MULTT-CONDUCTOR COUPLED CIRCUITS

The techniques shown in the preceding section can be
applied to m-port networks consisting of stub circuits
and multi-conductor coupled tramsmission lines (CTL’s),
under certain condition.

We define the m-port circuit consisting of short-
circuited stubs (SCS) in Fig.3(a), and the m-port cir-
cuit consisting of open-circuited stubs (0CS) in Fig.3

() (n ,. ._ . Te
(b). Lij and Cij (i,j=1,2,~-,m ; 1=0,1,--,n)

are characteristic impedances of short stubs of length
2/n and characteristic admittances of open stubs of
1 th 2 i .
eng /n, respectively 1 (D (D
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Here,

(a) m-port SCS (b) m-port OCS
Fig.3. M-port stub circuits.

Distributed circuits consisting of the m-port SCS and
multi-conductor cascaded transmission lines,shown in
Fig.4(a), are equivalent to ones consisting of cascade
connections of multi-conductor cascaded transmission
lines whose characteristics impedances are differnt from
original ones, an m-port SCS, and an m-port ideal trans-—
former bank, shown in Fig.4(b), under the following
conditions:
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and [ W(I)] ig the mxm characteristic impedance matrix
of I-th unit section of the m-wire CTL, [E] is the mXm
identity matrix, and A is the constant.

(a) original circuit. (b) equivalent circuit.
Fig.4. Equivalent transformation

Element values of the egivalent circuit shown in Fig.4
(b) are obtained as follows:
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By using (24) and (25) and proceeding to the limit nve,
we can obtain the equivalent transformation for mixed

lumped and multi-conductor coupled circuits shown in
The element values of the transformed cir-

Fig.5.
cuit are given as follows:
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‘lhere, £(x) is a nonuniform taper function defined as
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(b) equivalent circuit.
Fig.5. Equivalent transformation

(a) original circuit.

Similarly, the equivalent transformation for the
circuit consisting of a cascade connection of the m-—
port OSC and multi-conductor nonuniform ?oupled cir-
cuit, the dual of the circuit shown in Fig.5, may
be obtained.
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V.

EQUIVALENT REPRESENTATION OF MIXED LUMPED RESONANT
AND DISTRIBUTED CIRCUITS

Tt is interesting to make equivalent representations

of the circuits consisting of the cascade connection of
general lumped circuits and UE clear.
that the equivalent circuit of the circuit consisting of
of the cascade connection of a lumped resonant circuit
and UE may be expressed with the circuit consisting of
cascade connection of nonuniform transmission line and
the lumped Brune section as shown in Fig.6.

Here, we suggest
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Fig.6 Transformation for mixed lumed resonant circuit
and UE.

This -equivalency may be derived by applying a trans—

formation for the distributed Brune section and UE again
and again and using a similar procedure described in

gection II.
characteristic impedance distribution of the transformed
nonuniform transmission line analytically.
numerical examples of X(x) are shown in Fig.7.

But it is very difficult to find the
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Fig.7 Examples of X(x)
CONCLUSION

We showed the concept of the equivalent transforma-
tions for mixed lumped and distributed circuits based
on Kuroda's identity and applied these to mixed lumped
and muliti-conductor coupled circuits.

REFERENCES

1.R.Sato: Joint Conv. Rec. of Elec. and Electron Engrs. of

Japan, 1947

Joint Conv. Rec. of Comm. Engrs. of Japan, 1347
text for lectures at Joint Meeting of Kansai

Branch of I1ECE, Japan, p32, 1952

Ozaki and J.Ishii: IRE Trans.CT, CT-2, p325, 195§

.Ikeno: IRE Trans.CT, CT-4,p22, 1087

Ozaki and J.Ishii: IRETrans.CT, CT-5, pl05, 1958

'M.J.Jones and J.T.Bolljahn: IEEE Trans.MIT, MIT-4, p7s,

1956

.G.Cristal: IEEE Trans.MTT, MTT-14, p296, 1966

.K.Pang: IEEE Trans.CT, CT-13, p235, 1966

Sato and E.G.Cristal: IEEE Trans.MTT, MTT-18, pl22, 1970

Sato: IEEE Trans.MTT, MTT-19, p431, 1971

Kaufman: IRE Trans.AP-3, pZ18, 1955

Berger: 1EEE Trans.CT, CT-13, p92, 1966

.W.Klopfenstein: Proc. IRE, vol.44, p31, 1956

.Sugawara, Y.Nemoto and R.Sato: TransIECE Japan, J60-A

p956, 1977

16.R. IEEE Trans.MTT, MTT-18, pl064, 1970

17. IEEE Trans.MTT, MTT-20, p223, 1972

18.0.P.Gupta: IEEE Trans.CT, CT-20, pl6l, 1973

19.K.Kobayashi, Y.Nemoto and R.Sato: Trans., IECE Japan, J64-A

p23, 1981

IEEE Trans.MTT, MTT-29, p81, 1981

1EEE Trans.MTT, MTT-30, pl40, 1982

.Xuroda:

~N oY

hwrmomRm WEEE o~

8

9
10
11
12.
13
14
15

Levy:

20.
21, ——

520



