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I. 1Imtroduction

This research project is concerned with an investigation of the
ways in which a modern digital computatiocnal facility may be used in
the analysis and syothesls of cetworks whose elements are distributed,
lumped, and active. Such networks may be referred to as DLA (Distri-
buted-Lumped-Active) networks. During the six-month period covered
by this report, the major emphasis of the research investigation has
been in three major areas. These are: (1) the modeling of two-or
three-layered distributed RC networks with arbitrary terminal config-
urations imposed on the resistive layers; {2) a new approach to the
synthesizing of DLA networks by the use of optimization techniques
which avoids many of the problems of non-convergence frequently
encountered in the application of such techniques; and (3) the
development of a general synthesis capability perumitting the applica-
tion nf complex optimization techniques to'arbitrary DLA configura-
tions. A more detailed discussion of these areas and the results

which have been accomplished in them follows.

1I. Two-Dimensional Modeling of Distribated RC Networks
The basic concept of wmodeling a one-dimensional distributed R
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retwork by a finite number of sections utilizing series
resistors and shunt capacitors may be readily extended to the two-
dimensional case., Such a model is readily applicable to a
determination of the properties of multi-terminal networks in which
the terminal configuration and geowmetry may be varied to produce a

wide range of magnitude and phase characteristics for both driving-

point and transfer functions. A modification of the basic approach



is readily made to extend the technique to the case of 3 three-layer
distributed RC element in which the zero-conductivity ground plane is
replaced by a resistive one. During the past contract period an effort
to develop & set of digital computer programs for the analysis of the
lumped equivalent model for such a network has beer successfully
completed, The results are described in a report which has been
submittad,la Several of the three-layer configurations investigated

in this report appear to have considerable promise for frequency
selective circuits. Considerable more application of the programs

and a fuller investigation of the properties of some of the wmore

promising network configurations is planned,

I11. Constrained Complex Optimization

One of the results of the investigation of techniques for using
optimization strategies to synthesize DLA networks has been the
development of a new approach to the use of optimization methods,

This approach is referred to as complex optimization., The basic

approach was described in 2 previous sewi-annual report,* It is based
on maximizing (or minimizing) the magnitude of a network function at
specified points on the complex frequency plane, thus, effectively
create a dominant pole (or a dominant zero) in the function. Like
all optimization strategies complex optimization has the inherent
problems of possible non-convergence, convergence rather to a local
than a global optimun and cunvergence to a non-realizable set of

parameter values. As one means of reducing the possibility of these

*Semi-Annual Report, Analysis and Synthesis of Distributed-Lumped-
Active Networks by Digital Computer, Research Grant NGL-03-002-136,
National Aeronautics and Space Administration, September 1, 1967 to
February 28, 1969, pp. 1-3.



malfunctions, during the past contract period a constraint
procedure has been developed. The procedure is called constrained

complex optimization., it consists of the substitution of a number

of small easily-solved optimization problems for a given large
one., This is done by sequencing the functional parameters of the
problem in discrete steps from a starting point in the complex
frequency plane at which the value of the network variables are
known to a specified point at which these values are to be
determined, The results to date indicate that this approach
provides a2 powerful aid to the optimization tools previously
developed for this research grant. A paper describing the basic
method has been published.15 A report giving fuller documenta-

tion on the method is currently under preparation.

IV, A General DLA Optimization Program

One of the major computational tools which has been developed
in the research effort sponsored by this grant is the software
package named GOSPEL (General QOptimization Software Package for
Electrical Networks). This was originally described in a previous
annual report.* This computational tool requires that the user
implement the problem being optimized in the form of a separate
subroutine. In the applications of GOSPEL to the synthesis of
DLA networks which have previously been reported, a separate sub-
routine was written for each different network cuafiguration which

was investigated. To eliminate the necessity of preparing such

*Annual Report, Analysis and Synthesis of Distributed-Lumped-
Active Networks by Digital Computer, Research Grant NGL-03-002-
136, National Aeronautics and Space Administration, September 1,
1967 to August 31, 1968, pp. 6-7,



individual subroutines, during the past contract perlod, a research
effort has been made to develop a general subroutine which may be uszed
in connection with the GOSPEL program to optimlze any desired DLA

network conflguration. Such a2 subroutine named ANLYZ has been prepared

and tested and 1s currently in operatiomn. The capabillities of this
subroutine are quite broad, It can be used to treat passive network
components which are lumped or distributed. The latter cam be uniform
or may be described by a variety of tapers such as exponential or
polynomial. The active elements may be single input or differential
input. Any of the network parameters may be selected as being subject
to adjustment by the optimization strategy or they may be treated as
invariant parameters. This provision makes it possible to try wvarious
optimization combinations on the same network with only a simple
change of data cards being required to modify the selection of
parameters which are to be optimized. The subroutine ANLYZ is
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described more fully in a report which has been submitted. Con-

siderable future use of this subroutine is planned.

V. Other Research Efforts

One of the major research efforts currently being conducted
under this grant is the intensive application of the research tools
developed under the grant to the investigation of the properties of
many new DLA network configurations. The power and versatility of
these digital computational tools makes it possible to conduct
extensive analyses of the capabilities of a wlide range of DLA net-

works to determine which of them have superior characteristics and



properties. One such lnvestigation has resulted in the determination
of a simple DLA network configuration suitable for high-Q filtering
applications. This network has the desirable property that the real
part of the pole sensitivity to the variatioms in the galin of the
active element may be set to zero. Thus, this DLA network is a prime
candidate for applications in which high selectivity is required and
in which it is also desired to minimize the possibility of instability.
The network configuration has been described in a paper which will

shortly be published.l7

VI. Conclusion

As a result of the research supported by this grant, a powerful
and versatile set of computational tools have been developed for the
modeling,analysis, and synthesis of a broad class of networks
comprised of distributed, lumped, and active elements. Three of the
results completed during the preceding six-month period, namely,
constrained complex optimization, modeling of two-dimensional
distributed networks, and the development of the subroutine ANLYZ,
represent a major extension of the analysis and synthesis capabilities
previously implemented under this grant. Specifically the constrained
complex optimization approach makes it possible to successfully attack
synthesis problems which were previously not solvable, the two-
dimensional modeling capabilities open the door to a large range of
potentially useful network configurations which could previocusly not
be modeled, and the subroutine ANLYZ provides a gemeral tool which

may be applied to a broad range of DLA analysis and synthesis
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_problems.
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Conslderzsble application of these tools is planned during

the following contract period,
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