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Comment on “Levinson’s Theorem for the Dirac tive Schrodinger-type equation? The key point is that
Equation” the effective potential in the effective Schrodinger-type
equations is singular when the potentlalis finite, but
Levinson’s theorem [1] is one of the fundamental theo-strong enough [see Egs. (22) and (23) in [6] wh&h =
rems in quantum scattering theory. For the Schrédinger-2M]. For those singular equations Levinson’s theorem
equation with a nonsingular spherically symmetric potendoes not hold. For the same reason, Poliatzky's proof
tial, it gives a quantitative relation between the limit of for the statement that the sum of the number of nodes,
the phase shift at zero energy and the number of bound, (M) + n.(—M), is equal to the number of bound states
states. The latter is equal to the number of nodes of th&/, is also wrong for the strong potential. Therefore, Po-
radial function at zero energy due to the Sturm-Liouvilleliatzky proved his stronger version of Levinson’s theo-
theorem. rem for the Dirac equation only for a weak potential
Barthélémy [2] first discussed Levinson's theorem for(|V| < 2M).

the Dirac equation by the generalized Jost function. He It can also be explicitly seen from a calculable example.
stated that Levinson’s theorem was valid for positive andAs an example consider the Dirac equation with a square
negative energies separately as in the nonrelativistic caseell potential: V(r) = —A whenr = ry, andV(r) = 0
But later this statement was found incorrect for a strongvhen r > ry. In the notation of Ref. [4] there are two
potential [3,4]. The correct statement of Levinson'sradial functionsf,z(r) and g,z (r) that are proportional
theorem for the Dirac equation is [3,4] to u; and—u, used in [6], respectively. In the following

_ _ we discuss only the solution witk > 0. The solution

Nie ={8:(M) + 8. (=M)}/m with x < 0 is similar [4].

— {sin[8,(M)] + si[8.(—M)]}/2, (1) It is straightforward to solve the radial functions at the

where « is the standard angular momentum parameter€NergiesE = =M [4]. Carefully counting the nodes of
N, and 6,(E) are the number of bound states and the/x=m(r) @nd g.+u(r) when A increases and decreases
phase shift at energ§ for the given angular momentum Tom zero, one can find that 8,(M) = 0, 5.(M)/m is

«, respectively. The last term in (1) stands for the€dualtothe number of nodes@fy (r), which is the same

half bound state, which was first shown by Newton [5].8S that Offi (r); if 8.(M) <0, —&.(M)/m is equal to
The main character of Levinson’s theorem for the Diracth® number of nodes .y (r) in the regiond < r < ry;
equation is that the limits of the phase shifts at thel o«(=M) =0, 8.(~M)/m is equal to the number of
thresholdsE = =M (zero momentum) may be negative, 10d€S Ofg.—u (r); and if 5,(—M) <0, =8, (~M)/m is
in comparison with the phase shifts of free particle.dual to the number of nodes ef—(r) in the region
For example, as an attractive potential becomes stronlg < 7 < o subtracting the number of its nodes in the
enough, a scattering state of positive energy may chand&9ion > ro. Therefore, the stronger statement (2) is
to a bound state and, furthermore, change to a scatterirgp!Tect for a weak potentid|V'| < 2M), but incorrect for
state of negative energy. In this case the ligj{—M) 2 strong potential|V| > 2M) Wherg the phase shift at
of phase shift aE = —M becomes negative. E = M or E = —M becomes negative.

Recently, Poliatzky [6,7] transformed the Dirac equa-, Qi Ma
tion into a couple of effective Schrédinger-type equations Ins%itute of High Energy Physics
near the thresholds = =M and showed a stronger state-  p 5 poy 918(4)
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ne(=M) = 8, (=M)/m — sirt[6,.(=M)]/2, (2)

wheren,(=M) denotes the numbers of nodes of certain

radial functions with energiesM, respectively [8]. In  Received 30 May 1995 [S0031-9007(96)00122-6]
Ref. [6] n.(=M) were explained as the numbers of boundPACS numbers: 03.65.Ge

states of certain effective Schrédinger-type equations, that
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Levinson’s theorem for the Dirac equation is incorrect [4] Zhong-Qi Ma and Guang-Jiong Ni, Phys. Rev3D, 1482
for a strong potential|V| > 2M), because the limit of (1985).

the phase shifts at thresholds for the Dirac equation may[s] R.G. Newton, J. Math. Phys. (N.Y2, 319 (1960).
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