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Proceedings  Letters 

PROCEEDINGS OF THE  IEEE,  JULY 1976 

Thic section is intended  primarily for rapid  dissemination  of  brief 
reports on new  research results in  technical  areas  of  interest to IEEE 
members.  Contributions  are  reviewed  immediately, and acceptance is 
&terntined by timeliness and importance of the subject, and brevity 
and clarity f the presentation.  Research  letters must contam a clear 
concise  statement  of the problem studied, idenrifv new results, and 
make  evident their utility, importance. or relrwncc to electrical engi- 
neering. Key references to related  literature  must  be  given. 

Contributions  should  be  submitted m triplicate to the  Editor, 
P~OCEEDINGS OF TBE IEEE, 345 E a t  47 Street, N.Y. 10017. 
The  length  should be limited to five double-spaced  typewritten  pages. 
cowtmg each illustration as a hay page. An abstract of 50 wordr or 
less and the original figures should  be  mcluakd.  Instructions  covering 
abbreviations, the form  for references,  general  style,  and  preparation 
of figures are found in “Information for IEEE  Authors,”  available on 
request from the IEEE Erfitoricrl Lkpartmnt. Authors are invited to 
suggest the categories m the table  of  contents  under  which  their  letters 
best fit. 

After a letter has been  accepted, the authoh company or institution 
will be requested to pay a voluntary charge  of $70 per printed page, 
calculated to the nearest  whole page and with a $70 minimum, to cover 
part of the cost  of  publication. 

Comments on “A Counterexample to Harmonic Linearization” 
D. R. FANNIN 

~n the above letter,’ the  author presents the folIowing system as a 
counterexample to harmonic linearization: 

O < e < < l ,  b l > 0 ,  b2>0.  (1) 

Assuming 

y =al  sinwt (2) 

the conditions for harmonic balance  of frequency w are obtained as 

eblal - eblw a1 = 0 2 

Applying the usual procedures for harmonic linearization Singh lets 

w2 = l + e S  (4 1 
and determines that an oscillation is predicted for a 1 # 0 when, in fact, 
an exact analysis shows the system to be globally asymptotically stable. 
While the system does constitute a counterexample to harmonic 
linearization, it appears that this technique is not  the natural one to 
apply to the problem in the first place. 

Rather than apply the relation (4), a more exact analysis  may proceed 
from (3). From the first equation, a nonzero value of a1 is obtained if 
and only if w = 1. For this w the second equation of (3) is satisfied 
only when a1 = 0, since a1  is nonnegative. Thus no oscillation is pre- 
dicted. It is straightforward to show that  the foregoing  analysis is 
exactly equivalent to  applwg the describing function analysis to a 
singleloop system with 

G(s) = 
€S 

s3 + ebls2 + (1 + ebz) s + 
, f ie)=e3.  ( 5 )  

A Routh array indicates no crossing of the imaginary axis for any 

Manuscript received November 10, 1975. 
The author b with  the De rtment of Electrical Engineering, School 

of Engineering, University o&issouri-Rolla, Rolls, MO 65401. 
1V. Singh,Proc. ZEEE (Lett.), vol. 63, p. 1610, Nov. 1975. 

allowable  value  of the real  describing function. Hence no oscillation is 
predicted. Since both of the analyses presented here involve a lesser 
degree  of approximation than represented by harmonic linearization 
and (4), one wonders at Singh’s choice of  analysis technique. Granted 
that a counterexample has been established, but is this particularly 
surprising? The describing function, though closely related to harmonic 
linearization, appears to be a better approximation. Yet it is well- 
known that the describing function fails in some cases [ 11. It is hardly 
surprising that harmonic linearization fails occasionally, too. 

Singh is correct in pointing out  that  it is unfortunate that we  have 
relied rather heavily on harmonic linearization to disprove  Aizerman’s 
conjecture [ 21. But is he seriously  suggesting the conjecture may be 
true in general? 
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Reply2  by VimalSingh3 

The discussion  by Fannin is  valuable. His observation that we may 
possibly construct a certain better approximation (or even a certain 
exact analysis)  avoiding the difficulty is correct. This is precisely the 
observation which I myself convey through my letter. My statement 
that we have  relied rather heavily on harmonic linearization to disprove 
Aizerman’s conjecture should not be taken to mean that the conjecture 
may be true  in general. 
As a convincing  analysis  of the example in question in the  context of 

harmonic linearization, we may  assume the solution 

y =a1 sin wt+a2  cos wt,  (w2 = 1 +E@).  

Then the conditions for harmonic balance of frequency w are’ ob- 
tained as 

3ewal(a: + a i ) -  
-w3al + wal - eblw2a2 + eblaz + ~ b ~ w a l  + 

4 
- 0. 

Employing w2 = 1 + e@ and ignoring the terms multiplied by ep, p > 2, 
we realize the presence of oscillation if 

3(ai + a i >  
@ = b z  + 

4 

However, a better approximation (that is, describing function) predicts 
no oscillation, as Fannin has correctly shown. 

’Manuscript received December 8, 1975. 
3The author is with the Department of Electrical  Engineering, 

Motilal  Nehru  Regional  Engineering College, AUahabad 2 11004, India. 

Transient Behavior of a Tnmsistor-Trmnel J h l e  Circuit 

A. SRIVASTAVA AND M. L. C W A  
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