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Fig. 9 Notch filter electrical network 

nominator. The resulting asymptote, K/Mw2, is sketched in 
accordingly. 

If the resulting transmissibility curve does not happen to meet 
design requirements, we can see from Fig..8 the parameters which 
must be adjusted and the magnitude and direction of the adjust-
ments required. 

Electrical System. For a final example, consider the "notch 
filter" electrical network illustrated in Fig. 9. In this case when 
the trial values for L, C, and R are substituted into the numera-
tor, we find that the magnitude of Iiu is never larger than both 
1 /C and Lw2. However, at w2 = 1 /(LC), Lw2 and 1 /C are equal 
and opposite and cancel out leaving Rco as the only remaining 
term in the numerator. Below this frequency 1 /C dominates 
while above it Ls2 dominates. 

Taking each of the five terms in the denominator and forming 
ratios first with 1/C2 and then with L2s4, the dominant terms in 
the numerator, we can draw in and label the various lines shown 
in Fig. 9. In labeling the curves for this example it is convenient 
to neglect tf2(~102) with respect to 3 L / C ( ~ 3 X 10"). Thus 
the curve (1/C2)/(Z£2 + 3 L/C) w2 is labeled simply l/3Z,Cco2. 

At the point where the two curves 1 and l/3Z,Cco2 intersect and 
cancel out, the next dominant (lowest) line is the \/L2C2o>i line. 
This is somewhat unusual and one might question the stability of 
the system if it were not a passive network. This example shows 
that the stability criterion described earlier for third-order sys-
tems does not necessarily hold for fourth-order systems. 

A criterion for stability which does hold for both third and 
fourth-order systems can be stated as follows: At the frequency 
where the Oi« and a3s3 terms are equal in magnitude and cancel 
out, the a2s2 term must dominate over all other terms in 
order for the system to be stable. It is readily seen from Fig. 9 

3RCu 2RLCW 
that this criterion is satisfied. Perhaps a general graphical 
method such as this can be found for checking the stability of 
higher-order systems, but the author has not yet found one. 

The depth of the "notch" in Fig. 9 is given by the ratio R2/(R2 

CR2 
+ 3 L / C ) or —— to a good approximation. At this point Ls2 and 

OLi 
1 /C cancel each other out in the numerator and only R2s2 re-
mains, while the predominant term in the denominator is (R2 + 
3 L/C)s2. 

Conclusions 
1 Frequency response curves can be estimated graphically 

from the transfer function in its unfactored, polynomial form. 
No special templates are required. 

2 This same graphical technique can be used to synthesize 
the transfer function when the frequency response is given. 

3 The method also provides a convenient check on the sta-
bility of third and fourth-order systems so that unstable systems 
may be avoided during the synthesis process. 

D I S C U S S I O N 
J. C. Pinson2 

Dr. Ausman's method of determining asymptotes for a log mag-
nitude versus log frequency plot represents a significant advance 
in the frequency response approach to servoanalysis. This 
method will, no doubt, be adopted and taught as one of the basic 
elementary servoanalysis techniques. 

There is nothing very profound about the theory of this new 
way of determining the asymptotes. But neither is there any-
thing very profound about the root locus idea. In both cases the 
value of the technique lies in the facility gained for solving com-
monly encountered problems. Frequently one is faced with a 
feedback system with a large number of parameters at the dis-
posal of the designer. The values of the parameters are to be set 
in such a way as to realize a desirable closed loop transfer func-
tion. This transfer function works out to be a ratio of poly-
nomials in s that involve the variable parameters as coefficients. 
Since the conventional Bode plot method requires the poly-
nomials to be given in factored form, a large number of sets of trial 
numerical parameter values must be substituted, the polynomials 
factored, and the results plotted before the desired frequency 
response is obtained. The problem can be attacked via the Aus-
man method without factoring. This represents a great step 
forward. The peak values of the frequency response curve for 
lightly damped systems, and the stability criterion for third-
order systems are useful secondary benefits of the Ausman 
method. One wonders if the graphical interpretation of the 
Routh criterion that was shown for third-order polynomials can 
be usefully extended to apply to higher order polynomials. 

Author's Closure 
Dr. Pinson's remarks confirming the usefulness of this tech-

nique for frequency response analysis are greatly appreciated. 
As pointed out under the "Electrical System" example, the 
graphical interpretation of the Routh stability criterion applies 
to fourth-order polynomials as well as to third-order polynomials. 
For these systems the Routh criterion reduces (for all positive 
coefficients) to a single inequality. For fifth and higher-order 
polynomials, two or more inequalities are required and these 
become increasingly complex. For these reasons it is doubtful 
whether simple analogous graphical interpretations of stability 
criteria can be found for fifth or higher-order systems. 

2 Manager, Systems Engineering, Inertial Navigation, Autonetics, 
Downey, Calif. 
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