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Krikorian asserts the following.
(1) The Lagrangian

L=M(7—c 1=, X*X") +eA,(x)k* )

which we used for the description of a clddk singular in a sense.

(2) When one considers the variational problem for such a singular Lagrangian, “the trans-
versality condition” must be taken into account in addition to the Euler condition.

(3) If both of these two conditions are taken into account for the Lagrangian L, it follows that
the value of the variableM must be equal to zero along extremal curves. Therefore our
conclusion that the variableV can be identified with the rest mass of the particle is not correct.
The objective of this response is to question the second of his assertions.

Let us consider a simple Lagrangian

L'=—mcy(x%)%— (x1)? (2

for the description of a particle with rest mass where the dynamical variables are the space—
time coordinatesx’,x') (assuming one-dimensional space for simpliciyd the dot denotes the
differential with respect to the proper time The Euler—Lagrange equations are

x0=x1=0. )
The Lagrangian Lis singular in the sense that
de( 9°L'/x*dx")=0. (4

The Lagrangian L is also singular in this sense, and, in our judgment, this is the reason Krikorian
asserts that the transversality condition must be taken into account when we consider the varia-
tional problem for the Lagrangian L.

Following his assertion, let us consider an extrextdlr) (7, <7<1,) for the Lagrangian L
which, besides the Euler condition, satisfies the transversality condition. Without loss of generality
we may assume that the first end point is fixed. In this case the transversality condition reduces to

x%(7,)=0 or x(r,)=0. (5)
Combining the conditior{5) with the Euler conditior(3), we are led to the conclusion that
xX(7)=0 (for all 7). (6)

That is to say, only a very limited class of motions is admissible if we consider the variational
problem for the Lagrangian’Lunder the transversality condition.
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On the other hand, there is a general mettmdwhich we can formulate Hamilton’s principle
for such a singular Lagrangian. When we apply the method to the Lagraingiame can actually
describe all free motions of the relativistic particle. That is to say, at least for the Lagrarigian L
there is no need to introduce the transversality condition and to limit the extent of the admissible
motions. We dealt with the variational problem for the Lagrangian L by this method and got a set
of motion equations which seems to be very reasonable.

Our question is then why we have to introduce an extra condition which limits the extent of
the admissible motions when there is a method by which we can adequately represent Hamilton'’s
principle and derive a set of reasonable motion equations.
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