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ABSTRACT

This report 1s concerned with the realization of RLC admittance
and impedance matrices It establishes necessary and sufficient conditions,
in terms of direct synthesis procedures, for the realizability of nth order
Y or Z ruatrices. %ach independent branch of the resulting structure is
a two-terminal driving-point impedance in series with a voltage source, or
a lwo terminal driving-point admattance 1n parallel with a current source.
Each dependent branch is a two-terminal driving-point admittance or
1mpedance.

Both the admittance and impedance realization procedures are
completely general They are develop2d from, and {ollow, a re-evaluation
of cut-set and tie-set methous of obtaining the admittance and impedance
matrices. These methods are not mention=d by their common names, but
instead are identified by the name ''region'' and ''circuit.'' This is done
merely to place emphasis on the important physical interpretation of the
mathematical processes of analysis. This same interpretation is also
considered to lead to a clearer understanding of the realization process.

In the analysis this interpretation also shows how the matrix mavy be
written by inspection without having to consider cut-set and tie-set matrices

The realizations of the Y and the Z matrices are developed in-
dependently. 1t 1s shown in the formulation of the Y matrix that each and
every entry has an associated plus or minus sign - even zero entries. The
signs of the entries conclusively determine the geometry of the independent
branch voltages. that 1s, the tree, and by so doing set forth all possible

ways 1n which dependent branches may be connected. The ''magnitudes"
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of tiie entries determine the actual dependent branches themselves. This
characteristic of the Y matrix is dramatically opposed to the Z matrix
First, half of the Z matrix zero entries have no sign associated with
them. Second, if all the signs are known, the gecmetry of the independent
current branches is still questionable. One predominant cause of these
differences 1s connectedness: The independent voltage branches are con-
nected. while this restriction is not placed on the independent current
branches' hence the signs of the Z matrix deternune only a set of possible
independent branch geometries while the Z magnitudes determine which
set is required. A reduction process applied to the Z matrix then develops
the dependent branches one by one

Following the development of these realization procedures, and
selected examples from them. the matrices under consideration and the
inverse matriccs are discussed in detail. In this discussion, the differences
between a tie-set Z matrix and tlle inverse of a cut set Y matrix are
pointed out as well as the differences between a cut-set Y matrix and the
inverse of a tie-set Z matrix At the same fime the change in network
geometry that results from interpreting a cut-set Y matrix as a multipcrt
matrix and a tie-set Z matrix as a multiport matrix is illustrated
The process of reducing the number ot response variables from the cut
or tie-set Y or Z matrices is then described, along with 1ts physica!l
interpretation. This leads into the analysis of networks containing mult:

terminal elements, which forms the concluding topic in this study.

-viil




I. INTRODUCTION

A basic discipline in modern network science revolves about the
interpretation and utilization of the geometric properties of a network
These properties involve both the structure of the network and the place-
ment of elements within the network structure. The emergence of this
discipline was accompanied by a variety of descriptive titles that have
recently been narrowed down to the theory of linear graphs. The present
theory of linear graphs finds a wide variety of applications in network
analysis and realization. In general the material encompasses a wide
variety of approaches and is presented in many levels of difficulty. For
an excellent surveyv of such literature as it applies to electrical network
theory, the reader is referred to S. Seshu and M. B. Reed.1 To be able
to approach the subject matter of this study, the reader should be familiar
with the terms ''branch, ' '"'node, '' ''graph, '' ''tree,'' ''co-tree,'' ""chord"'
or "'link, '" ''cut set,'" ''tie set,'' and '"'oriented graph.'' Brief definitions
oi these terms are given in Appendix A, and more explicit descriptions
may be found in Seshu and Reed.1

The principal object of this thesis is to present new methods of
analysis and synthesis for linear bilateral networks based on topological
notions. Firsl, several of the above concepts are discussed from the
admittance and iinpe:dance viewpoint. Following th's discussion, the analvsis
and synthesis of nth order admittance and impedance matrices corresponcing
to networks having n independent branches 1s presented. The discussion
concludes with the analysis of networks with incorporated multiterminal

elements.




The two basic elements in the network topology are the node and
the branch. In this study, a network branch, or simply a branch, is
shown in its most general form in ¥Figure 1. Note that a voltage source

+ <

R F i

J\C) )

Figure 1. Generalized Branch. (Response variables: J = branch current,
V = branch voltage; Excitation variables: [ = branch source
current, E = branch source voltage.}

in parallel with an impedance must be considered as two branches in
parallel, and that a current souice in series with an impedance must be
considered as two branches in series. The branch as shown may, in
essencc, be considered as a network itself, if one considers every physical
element as a branch. In this discussion, howcver, the branch plays the
role of a distinguishable two-terminal device. In line with this, the nodes
are considered as the accessible terminals of a branch. The reasoning
behind this distinction will become clear in the realization™ procedures

of the following chapters.

x . . .
Realization has comec to be colloquially synonymous with synthesis,

although synthesis includes both problems of approximation and realization.




When a collection of branches and nodes are brought together, the
resultant structure is called a graph. In analyzing the response of a net-
work to its exciting sources, the branches of the network graph are divided,
according to Kirchhoff's laws, into two sets: a set of dependent branches
and a set of independent branches. To be more precise, if the response
is desired in terms of branch voltages, a set of independent voltage branches,
which comprise a tree::< of the network graph, are selected and the com-
plementary set of branches is termed dependent. This complementary
set is dependent, however, only in so far as voltage analysis is concerned,
since it exactly comprises a set of independent branches that form a co-tree,*

if the response is desired in terms of branch currents. Here, it is interesting

to note that if the graph G is separated into two subgraphs G, and G

1 2

the separation can always be done such that Gi is planar,2 but not in a
manner such that both 01 and G2 are planar. This follows from the fact
that the maximum number of nonparallel branches in a planar network
containing n nodes is 3n-6 (see Appendix B). Since the independent
vultage branches form a tree, and thus a planar subgraph, nothing can be
said for the generalcase regarding the planarity of the subgraph of inde-
pendent current branches.

In the analysis and realization problem, it is immediately apparent
that a direction or orientation must be assigned to the independent branches,
and such orientation will affect the signs in the pertinent Y or Z matrix.

In Chapters II and III this is illustrated and emphasized, and is recognized

. 2 . 2 m_ .
after a re-evaluation of cut-set and tie-set methods of obtaining the

B

See Appendix A for definition.




short-circuit admiitance and open-circuit impedance matrices. These
methods are not referred to by their common names, but instead are
identified by the names ''region'' and ''circuit.'' This is not intended

as a change in terminology; it is used merely to place emphasis on what
the author considers the important physical interpretation of the mathematical
processes of analysis. The same interpretation is also considered to lead
to a clearer understanding of the realization process. In fact, it is the
realization process that is emphasized in this study. More precisely, it
is concerned with the necessary and sufficient conditions, in terms of a
direct synthesis procedure, for the realizability of an nth order Y (or Z)
matrix by a complete set of n independent voltage (current) branches and
a4 necessary and sufficient set of dependent voltage {current) branches,
where each branch is a two-terminal device as already mentioned.

The realization of the Y and the Z matrices are developed inde-
pendently. A slight reflection of the matrix characteristics shows how
such independence seems desirable, if not necessary. As we shall see,
each and every entry in the Y-matrix formulation may be said to have an
assoc.ated positive or negative sign — even zero entries. These signs of
the entries completely determine the geometry of the independent voltage
branches (that is, the tree) and by so doing set forth all Dossible wavys
in which the dependent voltage branches may be connected. The possible
dependent branches are the ﬁn?'—i-)- branches determined by the n+1
nodes of the network tree, as illustrated in Figure 2. The only exception
to this statement is the case where a set of tree branches forms a linear
subtree, with no other tree branches incident to the internal nodes of this
linear subtree. In this case, the order cannot be determined from the signs
alone; regardless of their order, however, the tree geometry is essentially

invariant.




(a) (b)

——— a b c d
— ===

-—+++

e e f

Figure 2. Examples of Branch Geometry Corresponding to a Particular
Y Matrix: (a) Possible Signs of Entries for a Y Matrix;
(b) Corresponding Network Tree; (c) Possible Dependent
Voltage Branches.

(a)

+++++

+
+
+
+
+

+4++++
+++++
+++++

(b) :

o
?

A

Figure 3. Possible Co-Trees for a Network with All Signs of the Entries
in Its Z Matrix Positive: (a) Possible Signs for Entries of
Z Matrix; (b) Five Corresponding Structures of the Independent
Current Branches.




This characteristic of the Y matrix is dramatically opposite to
that of the Z matrix. First, it is strongly suspected that a zero ontry
effectively has no sign associated with it.™ Second. if all the £1gns are
known, the topology of the independent current branches 1s still questionab'.
As an example, consider the fifth-order Z matrix having all signs posit:
Five network structures, each having an independent current branch geom-trv
that agrees with such a Z matrix are shown in Figure 3. Ore main rea-on
for these two differences is connectedness; the independent voltage brarch.-
must be connected, while the independent current branches need not be
connected. Hence the signs of the Z matrix determine only a set of
possible independent branch geometries. while the Z entry magmtudess
determine whicn particular geometry is required

In the next chapter we shall focus our attention on the Y matrix

and in the third chapter we shall consider the Z matrix

N : . 0
It has recently been learned that half ot the zero entries have an a--o "t
stgn, and half have no associated »ign.




II. SHORT-CIRCUIT ADMITTANCE MATRIX

2 1 Analysis

Consider the network graph of Figure 4 where the lines (branches)
represent elements (R, L. and C, excluding mutual inductance), which
are numbered arbitrarify and which meet at the junctions or nodes. In
line with common practice, assign branch current directions and select
an arbitrary tiee such as indicated in Figure 4 by branches 1, 2, 3, and 4.
For a particular branch. the direction of branch current flow is opposite
to the direction of branch voltage rise.as indicated by the convention adopted
in Chapter I, Figure 1 The tree branch voltages (that is Vs Vor Vg
and v4) become the set of indepcndent branch voltages and Appear in the
final short-circuit equations of the network.

Now imagine welding a loop of "‘chain'' to each tree branch and
allowing the loop to assume a position such that each loop of chain nrosses
a branch only once and crosses one and only one tree branch as is
illustrated in Figure 5. The only tree branch crossed by a chain is the
one to which that chain 1s welded These positions are not altogether
arbitrary, for reasons that will become apparent later. However, for the
present, assume their pos:tions arbitrary under the stipulation that each
loop of chain crosses only one tree branch

This ' chain concept""\ 1s a justifiable tool and its great usefulness

This concept of using a chain to define the branches of a cut set was first
conceived by Professor N. DeClaris in 1954 and subsequently introduced
to the author in 1959.
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Figure 4.

Figure 5 &xample Network Graph with Regions Identified.
(Dashed lines define the various regions.)




becomes apparent later. For the present however, the most important
concept is not the chain, but rather the inner ‘'region'' for which the chain
forms the boundary. The resultant short.circuit admittance matrix develops
from applying Kirchhoff's current law to the currents entering and leaving
these regions.

In Figure 5 the example regions are labeled and the branch excitation
currents and response voltages are identified. Notice how each branch
current enters one and only one region. The current for branch 1 appears
to enter both region 1 and region 2. This is true, but since it not only
enters region 2, but leaves region 2 as well, it can be considered as not
having entered region 2 at all.

The facts describing the network and its regiuns are presented in
the Region Table. FEach eniry in this table is -1 if the branch current
enters the region according to the assigned direction, +1 if the branch

current leaves the region, and 0 if the branch is totally inside or outside

the region.

Region Table

1 2 3 4 5 6 7 8 9
Region 1 +1 0 0 0 +1 0 0 0 +1
Region 2 0 +1 0 0 +1 +1 0 -1 +1
Region 3 0 0 +1 0 0 0 +1 +1 -1
Region 4 0 0 0 +1 -1 -1 -1 0 0




The columns cf the Region Table relate the branch voltages in terms of

the independent branch voltages. When one considers the table as a matrix,

this means that

- - _ .
Vi vy 1 0 00 1 0 0 0 1
V2 \2 0100 1 41 0 -1 4

v = , ' , a =

v, 00 10 0 0 1 1 -1
v, 00001 -1 -1-1 0 0]
V9 ST

The rows relate Kirchhoff's current law to the regions in so far as the net-

work branches are concerned. This means

aj=0 , 2)
where
_jﬂ
J2
j =
Js

The generalized branch equation,

JtI' = y(v+E" ) (3)

-10-




where

= = _ —
11' E) Y4
I'& E‘Z Y 0
I! = o 150N . and y =
0
I! E’
Lol ™9 ] B "9

together with Equations (1) and (2) yield

aj+uI':o.yatVTo.yE' , (4)

aI‘-qu':I:uyutV:YSCV , (5)

where the equivalent current sources acting in the independent branches,

. . . . . .th
and where y; is the driving-point admittance in the i~ branch. In

. sc . . . .
Equation (5), aya, = Y is the common complete short-circuit admittance

the response of the network in terms of the independent branch voltages.
It is called a short-circuit admittance matrix because the 1j entry

sc _

Yl_] = Ii/vj with all Ik;fi assuming such values as are necessary to

set all Vk;fj = 0. When these conditions are fulfilled, all tree branches

e




except the jth branch may be short circuited without disturbing the state
of the network.

For a better understanding of these concepts, carefillly exaimine
the Region Table, Figure 5, and the admittance matrix v%¢. This study
. sc
involves the Yij entry and shows:

1) v3°¢

% is a unique sum of branch admittances Yy -

2) The several Vi appearing in the 1) sum, Yisjcl are the
admittances of those branches that enter and/or leave both region i and
region j.

3) The signs of the Vi comprising Yisjc wiil be plus if the branches
enter both or leave both regions i1 and j (such as branches 9 and 5 with
respect to regions 1 and 2), and will be minus if they enter one anc lzzave
the other region (such as hranches 9 and 8 with respect ta regions 3 and 2).

4) If region i and region j are separated or disjoint (such as
regions 3 and 4), all the involved branches (branch 7) have to leave one
region and enter the other region.

5) If region i includes region j, or vice versa, (such as regions
1 and 2), each of the involved branches (branches 9 and 5) has to enter
both regions or leave both regions.

6) Fromsteps 3, 4, 5, all the several Y1 comprising the sum
Yisjc will have the same sign.

7) 1f branch i is a tree branch, then A will appear only in the

sc

Y., sum.
11

The conclusion drawn from the above is that given the network, its tree
and the regions (and thus necessarily, as we shall see, the independent

branch response voltages and excitation currents), the admittance matrix




is then known. Neither the dependent branch voltage directions nor the
current directions or tables nor intermediate equations are necessary in
the unique determination of ¥v%¢ for the prescribed network.

At this point some of the obvious questions about ‘'arbitrary
assignments'' should be answered. The quantities under scrutiny are
shown in Figure 5. Note that each ''chain'' encircles one and only one
of the nodes of the tree branch it is associated with. The example chains
have been numbered according to the branch each chain is associated with,
or '"'welded'' to. The branch quantities V and I must "'attack!'’ the
encircled node. or both be reversed for all branches simultaneously. If
only the V {or I} directions are changed a minus sign will enter Equation
(5) with the effect of destroying the signs of v°¢ so that Y®°€ # yS°© .

- t
Figure 6 shows most effectively how Ii is injected into the ith region.
Thus, once the regions are drawr, the indegpendent branch currents and
voltages are aulomatically specified. The question of arbitrary assign-
ments now involves only the determination of the regions. Each chain
may specify two regions, that is, it may be thrown to the right or to the
left. Whatever way 1t is thrown has made no difference in everything
discussed up to now When one attempts to go i1n the opposite direction.
howevar. (that is, given Ysc determine the network), it becomes con-
venient to add the stipulation that no chain may cross another chain.

Theorem. Given any tree. it1s possible to ''throw the chains''
(specifying the regions) such that no two chains cross each other.

Procf: Every tree has at least two ends. Throw these two end
chains away from the tree (for example consider chains 1, 3, and 4 in

Figure 6). Next consider each thrown chain the tree branch it crosses,

-13-




and the encircled node of that same tree branch as an end node replacing
the unencircled node of that tree branch. Now throw two more end chains

and so on, reductio ad absurdum.

This helps clear up the questions concerning arbilrary assignments
One other condition must be pointed out. In the preceding discussion no
direct statement was made restricting a branch admittance to a single
R, L, or C element. There is no restriction, A branch admittance A
is the driving-point admiattance of that branch considered as a two-termiral
network; therefore the example that has been carried through. could in
effect, be a 19-, 50-, . . . node network presented as a five-node network
For example, consider first the network in Figure 5. The signs

- scC
of the elements comprising Y are:

e . (6)

Here the matrix of the signs of Y®® is denoted by Yzc. The sign of
sc . . . . . . . . . . SC
Yij is minus if region i and region j are disjoint. The sign of Y.,

is plus if region i contains region j or vice versa. By inspection the

sc
elements of Y are:

5C oy, t Y.ty
11 g ¥ Y51 Yg

<
1

SC
s5C

-14-




Yyq = yg)

YZ% = (y9+y8+y5+y2+y6)
Y3 = (yg + Y8)

Y24 7 g+ el

Y33 = g ¥ ¥g * ¥7 + ¥3)

Y3q = (yg)

Yaa = o 2 yg vy Ty,

. . sc . .
with the sign of each Yij as sect forth in matrix (6).

Consider Figure 6 as a second example. This is the same network
as Figure 5, but the chain defining region 2 is thrown in the opposite manner.

For Figure 6,

PR

e -4+ o+

Yo =)- 4+ - ' (8)
-+ -

By inspection. the elements are the same as all elements in Tquation (7)
with the signs as set forth in matrix (8). This is as expected since regard-
less how the chains are thrown, each chain will cross the same set of
branches. Note how the throwing of chain 2 in the opposite direction changed
the reference direction of V, and IZ' Note also how sign matrix (8) may

2

be obtained {rom matrix (7) by raultiplying row 2 and column 2 of matrix (7)

-15.




Figure 6. Variation One on Example Network Graph.
(Dashed lines define the various regions.)

Figure 7. Variation Two on Examplie Network Graph.
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by -1. The effect of reversing the direction in which chain i is thrown
is to multiply row i and column i of y*°© by -1. This does not alter
the symmetric property or positive diagonal property of voe.

If chain 1 in Figure 6 were thrown in the reverse manner along

with chain 2, then the sign matrix for the resulting Figure 7 would be

+ + + +

scC + 4+ 4+ +

Y

s R P (9)
ARG

For a more complicated example, see Figure 8 where the branch

current and voltages have been omitted. (This is acceptable since their

directions are implied by the regions.) IFor Figure 8:
+ o+ - -
- e
vse |- -t - -
s - -+ + - - (10)
- - e -+ 4
- - - -+t

The examples selected have been largely arbitrary. It is worth
while to include two more examples of very specific types, the ''star''

[

tree and the ' linear’'' tree. The star tree with all regions disjoint is

shown in Figure 9 and its sign matrix is:

Y = . (11)

The linear tree with all regions containing one another is shown in Figure 10

17-




Figure 8. Second Example Network Graph.

Figure 9. Star Network Tree.

Figure 10. Linear Network Tree.
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and has a sign matrix:

(12)

w
+ 4+ 4+ + 4+
+ 4+ 4+ + + +
+ 4+ 4+ + + +
+ 4+ + + + 4+
+ + 4+ + 4+ +
4+ 4+ o+ + 4+

The reason for their inclusion along with their generalizations should be
obvious. They are two geometrical ''limits'' in the series of trees.

A natural question arising in this study is: When a short-circuit
admittance matrix is specified, can the corresponding network be obtained?
This is a difficult questicn to answer and must be broken into phases.
First, in the simplest case assume that one takes a network and obtains
a Y®% matrix in the manner just described. The network may then be
obtained using only the Y®® matrix. Furthermore, the Y ° matrix
may be altered by any combination of symmeatric elementary operations
without affecting the realizab:lity of the network Elementary operations
are: {1) multiply any rows and corrcsponding columns by -1. and
{2) rearrange the rows and corresponding columns.

This analysis discussion concludes with an interesting observation
concerning a tree and the set of ''chains'' related to that tree. When
considering the trce by itself, thc chains. which define the regions, may =
be interpreted as the dual of that tree. This is easy to visualize by con-
sidering the normal process of constructing a dual network. During this
construction, each branch of the criginal network is associated with or

'"crossed'' by a single dual branch. Since the tree branch current is

identically zero, the terminals of the dual branch may be joined so that

-19.




its branch voltage is identically zero. Joining the two ends of each dual
branch identifies it withthe chainofits dual tree branch. Connectedness

of the tree is retained in the dual graph by allowing the chains to touch
but not cross, in the manner stipulated by the tree geometry. For an
example of this, see Figure 11. It is also worth while to note that since
the co-tree is not necessarily planar (see Chapter I) it will not have a dual
graph in general. Therefore this observation is not expected to carry

over into the impedance analysis of Chapter III.
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Figure 11. Construction of Network-Tree Dual. (a) Network Tree.
(b) Network Tree with Dual Branches. (c) Network Tree
with Dual Branches Short Circuited.
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2.2 Direct Synthesis of a Completely Specified Y®¢ Matrix

The process of building the ‘ree and then the network from a given
y ¢ (and thus Yzc) hinges on the concept of two chains acting as one.
Tweo chains, say i and j, act as one when the signs in row 1 and j of
Y:C are identical with the possible exception being the ij entries. The
ii and jj entries are naturally plus and the ij and ji entries are plus
if they are concentric, and minus if they are disjoint. When two chains
act as one, and are concentric, the tree branches they cross form a linear
subtree as indicated in matrix (6) rows 1 and 2, and Figure 5, branaches
1 and 2. When two chains act as one., and are disjoint, the tree branches
they cross form a star subtree as indicated in matrix (6) rows 3 and 4,
and Figure 5, branches 3 and 4. Regardless of the size or shape of the
tree, there are at least two sets of chains acting together. Figure 8 and
matrix (10) are another obvious example of this eifect.

This concept of linear and siar subtrees must be extended even
further. Elementary linear and star subtrees are shown in Figure 12a
and 12b. Chains i and j act alike and thus the corresponding rows i
and j must be identical as far as the rest of the network is concerned.
Conversely, if rows 1 and j are alike except for the ij and ji entries,
these rows correspond to linear or star subtrees, depending on the sign
of the 1j entry. More generally, two subtrees may be considered con-
nected in the linear or star fashion shown in Figure 12c and 12d. Here
the entries in all the rows corresponding to branches in the tree section i
can be made identical in so far as the rest of the network, section j, is
concerned. Conversely, if a set of rows are alike, except for those entries

showing the interrelationships within that corresponding set of branches,

_214-
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Figure 12.

Subtrees (a) Linear Elementary Subtree, (b) Star
Elementary Subtree,

(c) Linear General Subtree,
(d) Star General Subtree.
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that corresponding set of tranches must form a subtree that is connected

he rest of the network in either the lirear or star inethod of Figure 12¢

1o

o+

and 12d.

When two branch chains act alike and their relationship to one
another is known, onc¢ of the corresponding branches may be ignored:
that is, all of the signs of one corresponding row are redundant as far as
the rest of the netwerk is concerned Since this is true, the rows may be
merged into one with the physica! effect of reducing the number of branches
in the tree. In other words, the size of the tree is reduced. Repeated
application of this process 1s the means for producing the tree for a given
sign matrix. Fcr a better understanding of this process. visualize a tree.
Consider each branch as a subtree or section of a tree. Gradually allow
these sections to grow and thus absorb one another until, in the limit,
Figures 12c or 12d result. This 1s the =ffect of gradually merging rows
in the sign matrix. If this process :s interrupted. thus indicating a contra-
diction. the tree does not exist

This process of building a tree will be further explained in conjunction
with the example shownr in Figure 13 where the original complete sign
matrix 1s Figure 13a. Start by removing all redundant rows correspondir.g
to concentric chains or linear portions of the tree (Figure 13b). These
chains act alike and thus the doubly (or 1n genera! multiply) numbered
branches (rows) are considered as single branches during the remainder
of the process. Next remove all redundant rows that act alike and correspond
to disjoint chains (there must be at least two of them), and draw these star
like ends of the tree. During this stage and the following stages., whenever

two rows are comparsd any of the columns whose corresponding rows
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123456789
1 +++++++++

2 +++++++ -4

3 4+ +4+4--4+-+4++

4 +4+-++-+++

5 ++-++--++

6 + 4+ + - -+ -4+

T +4+-4--4+++

8 +-++++++ -

9 +++++++ -+

1 ++++++4++ 4+
29 +++++++ -+

36 +++- -+ -+ +

4 ++-++-+4++
5 +4+ -4+ --++

T ++-+--+++
8 + -+ ++

1+

123456789
+++ A+ttt

1
298 +++++++ -+

4 ++-++-+++

36 +++- -4 -+ +
57 + + -

C.

++ - -+ ¢

123456789

+++++++ -+
36 +++- -4 -+ +
574 ++-++ - -+ +

2891

d.

29

123456789
I

2981
57436 ++ -+ + - - + ¢

Example of Network-Tree Realization.

Figure 13.
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have been deleted may be 1gncred if one of the comparing rows 1s doubling
for that deleted row. For instan~e when “omgar:ng rows 29 and 8
column 9 may be 1gnored since row 9 was deleted and row 2 :s decubhing
for row 9 (see F:gure 13c). This basic process iust repeats 1itself, and
every time a row is deleted that branch is added to the draw:ng. In
Figure 13d. row 4 has been d=!eted and branch 4 drawnr linearly with
5 and 7. and similarly branck ’ linearly with 29 and 8 In Figure 13e
branch 36 has besn added star-like with branches 5. 7, and 4 At this
stage. the tree has been reduced just as in Figure 12c¢ In Figure 13f
the two halves have been brought tog=ther and the tree geometry has been
completed

This is a once-through process if at any stage there are no two
rows that act alihke ilien there 1s no corresponding tree for that sign matrix.
When one of two rcws 1s to be delet>d during the process, 1t 1s immaterial
which row is deleted It may also b necessary mentally to multiply a row
and a corresponding cclum~ by ' to determir: two rows that act alike
Thkis is illustrated in a <econd example F:igur= 14  Sign matrix (13) has

becn included as ar exampl= where no ~orrespondi~g tree exists;

+ 4+ + +
+ 4+ o+
ST .
NG I + (13
- + +

After the tree corresponding te¢ a given admittance matrix has been
produced the equations relating the branch admittances with the matrix
¢lements are immediate for example sc= Equations (7). From these

eguations one may ascertair the realizability of the elements. It 1s important
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123456789
1 +4++--+4++ -
2 +t 4+ 4+ -+ -+t 4
3 +4+4+-4+--4+
4 - - -4+ 4+---+
5 -+ ++ 4+ ++4++
6 + - --++-- -
7T ++--+-4+-+
8 +++-+--++
9 -+ +++-4+++
12345061789
14 ++4+ - -+++ -
2 +++-4+-4+++
38 ++4+-4+--++
5 - +++++4+++
6 +---++4+-- -
7T ++--+-4+-+4
9 -+ +4+ 4 -4+ ++
123456789
14 b4 b - -0k -
2 +++-+-+4++ T T
387 4+ -+ - -+ 4+ 6 38
56 -+ ++++ + 4+ + o-——cL——— _—
9 -4+t + -+ ++ S 7
123456789
14 ++4 - -+ ++ - ‘ T
3872 ++ 4+ -4 - - + ¢ S) 58
569 - ++ ++ ++ ++ --- o———b——0—~ -~

3 o]
14569 + ++ - - + + + - e !'4 38
3872 +++ -+ - -+ + o—J)—g - > 5 ——_—

[€N]
@
n
w
D

Figure 14. Second Example of Network Tree Realization.




to note that all the Y;jc entries 1n the complete short-circuit admittance
matrix must be driving point admittances. This points out one of the
ditficulties in discussing the realization procedure only in terms of resistive
networks. Any Y matrix of a resistive network automatically has driving-
point functions for each and every entry. This follows since there is no
difference between driving point and transfer functions of a resistive
network — each is merely a canstant  This, hawever does not hold far
any Y matrix of an RLC network. because there is a definite distinction
between transfer and driving-point functions. Therefore, throughout the
description of the Y®¢ realization each entry Yisjc must be a driving-
point function multiplied by its associated positive or negative sign. Undcr
this sitipulation, the preceding and following realizations are not restricted
to resistive networks, but are valid for general RLC networks. In the
comments and general realication procedure that follows, however, the
entries or ''‘'magnitudes'' will be referred to as though they were resistive
constants in order to make the theory easier to understand. Whenever an
important distinction between the resistive case and the RLC case arises,
this distinction will be pointed out and discussed.

In conjunction with the realization of a complete shert-circuit
admittance matrix, consider the linear subtree, branches 2 and 9, in
Figure 13. In proceeding from step e to step f these branches may be
ordered in one of two ways. Although the proper order will reveal itself
automatically through the magnitude squations, it is more convenient to

order them . ~operly during the transition from step e to step f. The correct

order is learned by comparing the magnitudes of Y;i and Y;i where k
is any other branch i Y;;{ is the larger then branch 9 is closer to
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branch k than branch 2 is. 1n Figure 13, Y;i will always be the larger
This general characteristic becomes obvious upon considering Figure 12
In Figure 12, the order of branch 1 and branch j is specified by the
magnitudes of Yfl: and Yjslf where k is any branch in the right or left

extension. Let k be contained in the left extension. Since the magnitude

(e

of Yis is the sum of all admittances cut by chains k and j, and since

=

Y

all branches cut by Clhiains k and i are also cut by chains k and j but

not the reverse, the magnitude of YJSIS must be equal to or larger than the
magnitude of Xls<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>