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In the previous papers (Wadhwa 1964a, b) on the same topie six basic circuits
each employing three capacitors and six resistors and capable of simulating,
under certain conditions, third order systems with a leading time-constant
were presented. In this paper two more basic circuits for simulating the
same type of third order systems are presented. The circuits are analysed,
the design formulae obtained and the conditions of their physical realizability
discussed.
INTRODUCTION
In previous communications (Wadhwa 19644, b) on this subject six basic
circuits each capable of simulating, under certain conditions, a particular type
of the general third order linear systems, that is systems with a leading time-
constant, were presented.
The purpose of this paper is to present two more basic circuits, discuss

the design formulae and the conditions of their physical realizability.

TaHirRD ORDER SYSTEM SIMULATION

Two basic circuits, each employing three capacitors and six resistors
(with a certain arbitrary choice of resistor values) and capable of simulating,
under certain conditions, third order systems with a leading time-constant,

that is
bo(by8+1)

F(8) = — ag834-a,824a,8+1" (1)
are shown in Fig. 1.
Transfer function for the circuit of Fig. 1{a) can be shown to be
B2
e (ROS +1
By S
B p B Blx+2aB+B) p,
e e N L
B2B+1) ] [ B(22+3%8+2B) +(x+2aB+B) 5, ] g1
) RoCsCo St |y, ROvHRC+ «(BB+D) “:2)
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Fre. 1. Networks for the simulation of g—‘: = - (133330;12;1551(1113%—1 .
(1) and (2) will be identical if
g2
= ., 3
P =138+ 1) )
b1=T5 [ .. . .« . . . . (4)
__ B B(2x+32p+2B) 4 (x+2484-8)
=gy 2T «(38+1) To ©)
B ﬂ(a+2mﬂ+ﬂ) B(28+1)
2= mprn st o mary 2ot ggry oTe o O
B2 ’ -
ag = (3B+1)Tz 5T6 .. .. e . . .. (I)
where
Ta=RCn. .. . e e e (8
The solution of (3) gives
__ 3bp+/(9b;+4bo) )

2
as the negative root is inadmissible.
Elimination of «, 7' and 7'y from (4) to (7) gives a cubic

AT Ao Tot AgTs— Ay =0 . .. .. (10
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which will have either one or three real roots depending on whether its dis-
criminant A is positive or negative, where

Ay = bpbi(2B+1)2 )

Ay = b0b1(22,8+1){a2b1,8—a3(2ﬁ+1)}+a3blﬁ2(lg+1) a o
Ay = agbybi(28+ 1) +ash,p%a,—b,)

A= agﬁ ;

Now, it can be shown by a process of reasoning similar to that already
discussed in detail elsewhere (Wadhwa 1963) that at least one positive real
set of a, B, T, Ty and Ty exists, provided

(a;—bo) >0
b18(a;—b,)2 > 4ay(B+1)

{agh1B—ay(2B+1)} > 0 (12)
{asb1B—as(28+1)}2 > daghpbi(28+1) ]
and either
0Q>0B>0P>04 .. .. .. .. (13)
or
A =4p342742 <0 .. .. .. .. (14)
where
op - DiB@—b)— J§ B3B2a1—by)2—dash,B(B+1) }
- 25,8(B+1)
0o = Dfla=b)+ ] § b2B2(ay ~by)2—dash,B(B+1) }
- 25,8(B+1)
o — (a01B—as@B+ 1)} — [[{aship—as(2B+1)}2—daghob (26 +1)]
2b6b3(2B+1) . (15)
05 = (BB 0B+ 1+ [[{asbif—as(26+1)}2—dasheb(2B+1)]
2bob%(28+1)
Ay 1 (Ao)2
P=14,73\3,

_ Ay 1 Axdg\ 2 (48
1= () o ()

To summarize, if the inequalities of expressions (12) and either (13) or (14)
are satisfied then at least one and possibly two or three sets of positive real
a, B, Ty, Ty and T'g exist for which the circuit of Fig. 1(a) is physically realiz-
able.

The circuit component values may be determined by first solving (9)
and (10) for 8 and Ty respectively. Since 7Ty is known directly from (4),
therefore 7', can then be easily determined from (7), and o from either (5)
or (6).

/
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Referring to the circuit of Fig. 1(b), its transfer function can be shown to

be
Eo_ _ $BRCLS+1)
B
L SBRSCL0,CeS5t [ 3R20506+?ﬁ;‘—l) R20508+%°-‘i§§§i@ Rzoﬁog] 2.4
[R05+@WROG+@ROB]S+1 .. (16)
(1) and (16) will be identical if
Bo=2B .. e e am
by=Ts .. e e Loaw
5 5 2
a1=T5+(°°‘+85°‘f+°B)T,,+ (3;'1)TB a9
2B+1 oat2
1y = BT+ 2 EF N o (2B R g (a0
a3=%ﬁT5T6718.. .. N ‘e ‘e . .. (21)
where
Tw=RCu. o e e @)

Elimination of «, g, T; and T3 from (17) to (21) gives a cubic
Te—B\Ti+Byl¢—Bs = 0 .. .. .. (23)
which will have either one or three real roots depending on whether its dis-
criminant A is positive or negative, where
2(5agh;—2
By = (Baghy : a3)
25bgb;
B, = 293(2a115bgb,)
2 25b(2.’b? (e .. . .. (24)
a 4a2(2+5bo)
TR

As already mentioned, it can be shown (Wadhwa 1963) that at least one
set of positive real «, B, Ty, T¢ and T'g exists, provided

(a1—b,) > 0

5bgbq(ay —b1)2 > dag(1+4bg)(2+ 5by)
{5asboby —2a4(14-5by)} > 0

{55y —2ay(1+45bg)}2 > 50a3b3b3(2+5bo)

(25)

and either
0@ >0B" >0P >04".. .. .. .. (26)
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or
(Bagh; —2az) > 0 |
A’ =4p[+27¢) < 0)
where
0P 5boby(a;—by)— J{25b§b§(a1—b1)2—20a3b0b1(1+4b0)(2+5b0)}
10645, (14-4by)
_ Sbobr(a b))+ J {251{%2 (@ —by)2—20agbeb (14 1b,)(245b,) }
1064b (14 4b,)
_ {5asboby —2a5(1+5b0)} — — JU{5agboh; —2ag(1+ 5bg)}2 — 50agb}by(2+ 5bo)]
25b257 (28)
OB = {5asbob, —2as(1+ 5bo)}+ [{3asboby — 2a5(1+5bg)}2— 50azh)by(2+ 5bo) |
201)Zb2
= By—
_ }31}32 2 .
= —By+ — 35 B

To summarize, if the inequalities of (25) and either (26) or (27) are satis-
fied then at least one and possibly two or three sets of positive real «, 8, 7', T'¢
and T'g exist for which the circuit of Fig. 1(b) is physically realizable.
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