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Fig. 1 Plot of stability boundaries [Eqs. (10) and (14)]
for numerical example of Kef. 1, compared with exact
calculation; — criterion of Ref. 1, ———Eq. (14), O-O-O

exact.

where o>2 — — (%)pSlV*I~lCMa. This relation was then
checked by the numerical integration of the exact equations
for a particular missile with an initial angle of zero and a
unit angular velocity. For these conditions

The maximum resultant angle of attack occurs when the
modal amplitudes add;

= K\ + (13)
where

Ohman determines the onset of instability for a given spin
rate as the altitude above the initial point (A#) at which
[f]max starts to grow and compares that with the altitude
for which the larger \3 changes sign. But from Eq. (13) we
see that the modal amplitude for the smaller X/ will continue
to shrink after the other amplitude starts to grow and, there-
fore, |f|max will initially continue to shrink. Thus, the exact
calculations should be compared with the altitude for mini-
mum |f|max. This can be obtained by differentiating Eq.
(13);

1X1 +. #2X2 = 0 (14)

Equation (14) is an implicit function of altitude and spin
and can be easily solved for a given spin. In Fig. 1, the
stability boundaries given by Eqs. (10) and (14) are plotted
for the numerical example of Ref. 1 and compared with the
exact calculation. The excellent agreement of the exact
result with Eq. (14) shows the validity of Eqs. (4-5).
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Reply by Author to C. H. Murphy

L. H. OHMAN*
National Research Council, Ottawa, Canada

IN Ref. 1 Murphy considers the work of Ref. 2 by the present
author in order to clear a misconception occurring in the

latter work. This is gratefully acknowledged. Furthermore,
Murphy derives the stability criterion under more rigorous
assumptions than was done in Ref. 2. Ohman uses a "mode
separation method" and considers the stability of the pre-
sumed most unstable mode separately and arrives at an
explicit form of the stability criterion, whereas Murphy
considers the stability of the coupled system and arrives at
an implicit form of the stability criterion. It is obvious then
that the stability prediction a" la Murphy will agree better
with numerical results than those & la Ohman. However,
there is always a merit in having expressions in explicit form
and this may justify some sacrifices in accuracy.

Murphy is right that the sign of the Magnus moment
determines which mode will have less damping. However,
employing the mode separation method for stability analysis,
one finds that in either case it is the less damped mode that
first becomes unstable. It follows then .that the sign of the
Magnus moment is irrelevant with regard to the stability
of the system, at least for similar initial conditions in both
modes and the criterion of Ref. 2 is thus still valid. This
has been verified by solving the full equations for the case
p = 37 rad/sec with the sign of Cmp$ reversed. The point of
instability was not affected by the sign of Cmpp, although there
was a slight difference in the actual motion; for t = 10 sec
the value of a/a(0) was 0.02 higher for +Cmpp than for
— Cmpp>

Finally, the author wants to make it clear that the work
in Ref. 2 is related to sounding rockets for wfiich in general
lx/l <$c 1 and the roll rate p is low. For spinning mortar
shells, e.g., the assumptions regarding lx/l and p no longer
hold and the conclusions regarding the Magnus moment of
Ref. 2 are invalid.
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