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Comments on
" Study of Nonlinear Systems"

IWAO SUGAI*
Computer Sciences Corporation, Silver Spring, Md.

AFEW points of the recent comments by Rao,1 have been
advanced in the light of several published materials.

It is a new contribution to apply the direct interchange
between dependent and independent variables. Nonlinear,
ordinary differential equations, especially Riccati equations,
have been actively discussed among radio engineers for non-
uniform transmission lines where the line parameters vary con-
tinuously along the line length. However, a preliminary
literature search seems to exclude the direct interchange be-
tween dependent and independent variables.

One of the key points in obtaining closed form solutions by
factorizations in Ref. 1 has been the following relationship:

(d/dx)[F(x)/f(x)] = (D
This is a Bernoulli nonlinear differential equation for f(x)
when F(x) and A are specified,

df(x)/dx = f(x) (d/dx)\bF(x)] - [\/F(x)]f*(x) (2)

This interrelationship between /(a;) and F(x) is restricting a
possible wider application of Rao's method. In the process of
generalizing the original Konyukov's nonlinear differential
equation2-3 a similar relation has been derived for variable

coefficients.4 It is also noted that the book by Murphy5 goes
into a detailed discussion on Abel's nonlinear differential
equations, including the separable case of Eq. (1).

At this point, Rao's method has been used for a generalized
Konyukov's nonlinear differential equation. The direct inter-
change of dependent and independent variables has been
given to

xd*x/dt* + P(f)(dx/dtY 0 (3)

where P(t), Q(t), and R(t) are arbitrary functions of the inde-
pendent variable t. Then, the result is

dH/dx* = [P(t)/x] dt/dx + [Q(t)x* + R(t)x](dt/dx)* (4)

Evidently this appears not solvable for general P(t), Q(t),
and R(t). In contrast, the published materials show how to
obtain closed forms for the following cases:

= -2, Q(t) = constant, R(t) =
constant, Ref. 2

P(t) = -2, Q(t) - arbitrary, R(f) =
constant, Ref. 3

P(t) = -2, Q(t) = arbitrary, R(t) =
a solution of Bernoulli's equation Ref. 4

Equation (4) is solvable if P(t), Q(i), and R(t) are all con-
stant, since it then becomes a Bernoulli's nonlinear differential
equation for dt/dx. Thus, it appears that another key point
of why Rao's method works successfully on Eq. (2) of Ref. 1
is that it contains no variable coefficients of t.
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Comment on "Unsymmetrical Bending
of Shells of Revolution"

AHMED K. Noon*
University of New South Wales, Australia

IN Ref. 1, Blech has presented a set of eight first-order
ordinary differential equations for the bending analysis of

unsymmetrically loaded shells of revolution on the basis of
Sander's first-order shell theory. This formulation was first
suggested by Goldberg et al.2 and has been successfully em-
ployed by several authors for the equilibrium, stability and
vibration problems of shells.
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