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ABSTRACT

The ad joint network is developed through the
allowed palr foraulation of networks and shown to
Yield a general description representation in the
time-invariant case,

I. INTRODUCTION

Since Bordewijk [1] introduced the concept of
interreciprocity as applied to electrical networks,
the ad joint network has Played an important role
in Computer Alided Dentgn [27] and network senaitiv-
ity [3). Its description has recently besn devel-
oped in teras of general deacriptions on graphs by
Descer [4],

In this paper a formulation of the adjoint
network H* is outlined in terms of the definition
(5] of an n-port network N through its allowed
Pairs of voltage and ourrent, [v, 1] ¢ N. Thie ia
developed for any linear time-invariant network
having the frequency domain general description
AV = BI, aaplifying the idea of Descer, Moreover,
the general description for the ad Joint network N*
1s found,

11, FORMLATION OF THE ADJOINT NETWORK
Given an n-port network defined through its
set of allowed time~domaln voltage ~ current pairs
[v, 1] e ¥, £5. .71, with v and § the n-vectors of
part voltages and currents, we define the ad Joint
n-port natwork N by [v*, 1] ¢ K® 1f and only if
for all [v, 1] ¢ ¥ and al1 ¢ ang v

L¥(2), I(t)]] 1™ 1)) = 0 (1)
Lr'(‘r)

where ~ denotes the tranapose, Let t = x = 1 and

and integrate over t to get convolution ia (1), on
taking Laplace transforms thia gives in the fre-
quency domain

LV(e)s o)) [ 1%(p)] = 0 (2)
-*(p)

If N ia linear and characterized in the frequency
domain by ths general description

AV = BI (3)

then we can sinilarly characterige H® ag followss
Equation (3) implies

(A, -B) [v J -0 .1
I
or equivalently on tranaposing
v, ﬂ[ X ] -0y (4)
=B

Multiplying by an arbitrary n-vector X, Equation
(4) gives

(v, II7 Ax =o (s)
B
On identifying with Equation (2)
* - X : (6a)
Ve e B (6v)

111, GENERAL DESCRIPTION OF THE ADJOINT NETWORK
By finding a common left multiple K of A and
B for Equations {6), following [6, P.35,36] (as
illustrated by the example below), we obtain
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[ A*)[8] =0 (7a)
-3

or

M= B = A%E {7v)
whers [B*, A%] has zank n, the maxiaus ponsible
rank, Thus, for these matrices B* and A ip P,
Equations (€) give

BT o B'AX = MX = ARRX = ARy2 (8)
The general description of the adjoint network N®
is thus estahlished ag

B'I® = AN (9)

which completely describes the 2d joint network in
view of the rank n condition satisfied by (%, %]
aa mentioned above,

Exanple

A ocurrent controlled current source has

AV = [1 o:”'vlr [o 0][11]- By

090 v, p - 12
¥o form, with the ¥ matrix nonaingular, using
elementary row and column operations

‘u Ya|f A of=|D o

My Youl|-B o o, o
from which

Uy K = W5

In the case of our exXarple

1 0j0 0|z o [ 0 O0|=(1 00
0 00 1f{lo olo o 00
O—T-l -8110 =pj0 0 o 9
0110 ollo 110 o 00

or, extracting the 2x2 (2,1) submatrix,

] R R

Multiplying by X on the right glves, trom (6)

BN

which 1s & (reversed) voltage controlled voltage
source, The circults are as shown in Figure 1,

IV, CONCLUSICHS

We have extended in a straightforard manner
the approach of Dasoer for foraulating the ad joint
network, This satablishes the constraint BT%ayly®
for N* airectly from the port variable def{inition
of the original network N in the frequency doasin
without reference to the network graph, The time-
variable case will be developed elsewhers because
it is too lengthy to present here, Tha formulstion
here, though, when applied to the special cames of
Z, Y, gnd H descriptions, givee ths classical
resulta, z* = E. a¥, and i - ﬁ, reapectively,
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