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Ahstract

This paper presents a method to synthesize passive, non-linear capacitors
using traditors loaded with a linear constant positive capacitor. Necessary
and sufficient conditions are presented and the synthesis of active non-

linear capacitors is discussed,
1. INTRODUCTION

It is well known that the resistor, the capacitor,
the inductor, the transformer and the gyrator
form a complete set within the domain of con-
stant, passive, linear networks or better say-~
ing an over-complete set because the inductor
can be realized with a2 gyrator and a capacitor,
and the transformer with two gyrators [1, pp.149,

150].

In the scarch for a set capable of realizing the
synthesis of eonstant, passive, non-linear net-
works, Duinker [2] introduced the traditor,
This element is non-energic in nature and defin-

able by a system of Lagrange' s equations.

The basic type traditor is that for which the
Lagrangian is a multi-linear form whose factors
all correspond to different coordinates, i.e,,
L= Ax .,.x :'cn .

1 n-1
tinguished by their degree n and their type, the

These traditors are dis-

degree corresponding to the number of ports of
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the traditor and the type to a distinct Lagrangian
within each degree which specifies the x as indi-
vidual charges, fluxes, currents and voltages in

the interrelationship between the ports [3].

In this paper other classes of traditors are
presented, These traditors are not of the basic
class because their Lagrangians are not multi-
linear forms corresponding to different coordin-
ates but arbitrary functions of those coordinates
multiplied by a velocity, i,e,, L = f(xl,xz.. .

x }X ,
n’ “n

The systems having Lagrangians of this form still
have the property that the instantaneous total
power delivered to the system is always equal to

zero [2].

These traditors are used in the sequel for the re-

alization of passive non-linear capacitors,
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2, ANALYSIS

Let us consider a traditor whose Lagrangian is
of the formL = AF (ql, qz) vy where F is a
continuous function of ql and ;. Asg n= 3 this is
a third degree traditor and hence is character-
ized as a 3-port with independent port variables

X =4, X,=q,, and the velocity %= vy,
Let us connect the velocity port to a constant,

linear capacitor C, as shown in Fig, 1,

The equations of the traditor can he found from

the defining relationship

4 3L 3L u,
dt a:ek axk k

where, when Yk is a voltage, xk is a charge and
5& a current, and, when Vi is a current, X is

a flux and x

k voltage [2]

Thus we have, for our degree 3 traditor,

v. = = A aF(qI'qz)

1 —-E___ v3 (2A)
% .
= - —_— 2
vy A aqz vy (2B)
i,=A & rq,q,) (2C)
3 dat L)

Next we connect ports 1 and 2 in series as in
Fig, 1. Thus, i1= iz. and assuming all initial
conditions equal, ql= 9,=1q.
Therefore

) oF (a),9,) oF(a),d,)
v= v +v,= [-A aql -A aqz ]v3=

dF
cadfa 3)

dv
dF{q, 3
= A __?iﬂ._cll = ¢ —; (4)

i
Integrating this latter

AF(q9)= -Cv,

A
v3= - & Flg,a)
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which gives

2
_ A dFi{q,q)
v= & e F(q,q) (5)
1 dL =
or v= & o L i (6}
T2
1 dL
or v= 56 Tq (7)
where = E v

3

This represents a capacitor v= [(q) where

- -2
1 dL _ — 1 dL

In summary, the connection of Fig, 1 with a
traditor having for its Lagrangian L = E(ql,qz)v3
vields a charge-controlled capacitor with the law

- 2
1 dL{q,q)

V= ¢ dq

3, SYNTHESIS

3,1, THEQREM: A charge-controlled capacitor
v=1f(q) is realizable by a cascade connection of a
traditor and a linear time-invariant capacitor
with capacitance C >0, initially uncharged, if
and only if E(§) = Iq f{q) dg exiats for all real
§and E(@)>0, °

Proof:
a) If; We assume that E (§) exists and
E (§)> 0. 3
Then let L (3,,9,)= [ 2C [E(q))E (q,) | (9)

The Lagrangian of the traditor will be

L(ql,qz): L(ql,qz)\r]. Using {8) we see

that the capacitor v= f{q) is obtained,
b) Only if: Given a traditor loaded with a

capacitor, we have from (8)

-2 -2
1 dL dL
v= f{q)= ic o or aq = 2C I(q)
s 4
Lig)= 2C J fiq) dq + K what proves the
o .
9

existence of j f(q) dq,
o



As the connection is passive then

t t
et = | vidstde) = | fla) L ds+ e
L +4 [ +4
aty)
= J f{q)dq + ¢(c) =
4(c)

Choose t= O, which implies ¢ = O, and q{c)=
¢ (c)= O as the capacitor is uncharged at the
initial time
q - —
elt) = J flq)dq > O or E{(§)> O
0
The inequality is a consequence of the pagsivity

of the structure,

3.2 EXAMPLES:
3.2,1 Let v= q5 which is a capacitor with a

quintuple characteristic

4 6 _
e(t) = j‘ qsdq= ST >0
[+

Therefore this capacitor is realizable using a

traditor and a capaciter,

o

From (9) I.z (q) = 2C iﬁ—— and taking
-2 6 _ 3
c=1 L) = - L= ‘%T

1 3
L == 9 v

ﬁ 3

This traditor can be realized using the basic

class traditor of degree 4, whose Lagrangian is
1 .

L= N ql 1, 9 vy and connecting ports 1, 2

and 4 in series, and loading a unit capacitor at

port 3, as seen in Fig. 2,

3.2.2 Let the non-lincar capacitor have the

following characteristic v= q eZq + 1:12 eZq

From (9) and choosing C=1

- - 2q 2

L% = %" ] L@ = lq
or

La) = elqv,
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4, CONCLUSIONS

A method is presented to find a traditor that will
enable the realization of a time-invariant, passive,

non-linear capacitor,

These results could have been obtained using a
two port traditor whose Lagrangian would be

L= F(ql) vy where 9, is the charge at port 1 and
vy the voltage at the velocity port, The use of the
three port traditor facilitates the task of visual-
izing how to build it as can be seen from example

l.

The realization of a flux-controlled inductor can
be similarly obtained using a traditor having a
Lagrangian of the form L= F (cpl.rpz) i3, and
loading the velocity port in a linear inductor,
and connecting ports 1 and 2 in paralle] as shown

in Fig, 3.

This can also be obtained by cascading a gyrator

and the non-linear capacitor previously- realized,

The method does extend to the realization of a
certain class of time-invariant, active, non-
linear capacitors as may be seen by loading the

traditor on an active linear capacitor -C, C>0,

This class is characterized by the existence of

9 -

E(§) = J f{q) dq and E (§) < O {for all real §.
Q

In this case choose

- LT
Lia, 9,0 = [+ 2|€] JEta) Eqa, | (10)
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Fig. 1,

Traditor loaded with a capacitor.
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Fig. 2.

Realization of v= qs capacitor,
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Fig., 3,

Realization of {lux-controlled inductor.
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