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Using a multivariable series method, we calculated the eighth-order expression of the vector potential of a
fundamental Gaussian beam, thereby correcting the mistake in our previous paper �Phys. Rev. E 72, 046501
�2005��.
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The fundamental Gaussian beam is generally available
and is often used in theoretical simulations of its interaction
with charged particles. The expressions of the vector poten-
tial for a fundamental Gaussian beam was obtained by per-
turbatively solving the Holmholtz equation order by order
�1–5�, which is a quite complicated procedure. In our previ-
ous work �5� the sixth-order expression of the vector poten-
tial is correct, but the eighth-order expression was arrived at
incorrectly. This fact was point out by Luo and Liu �6� who
did not provide an effective way to calculate the vector po-
tential of fundamental Gaussian beam. The latter is realized
in this Comment.

The equation obeyed by the vector potential for a funda-
mental Gaussian beam is

�2A + k2A = 0. �1�

By assuming that the vector potential is polarized in the x
direction and changing the coordinates �x ,y ,z� to ��=x /r0,
�=y /r0, �=z / l, where r0 is the waist radius and l=kr0

2 the
diffraction length�, the vector potential can be written as

A = ���,�,��e−i�/s2
x̂ , �2�

where s=1/kr0 is the perturbation parameter. Equation �1�
can be recast as
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For a fundamental Gaussian beam, the solution is indepen-
dent of the azimuth angle. So in the cylindrical polar coor-
dinate frame, Eq. �3� becomes
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where �2=�2+�2. We substitute the variables � and � by q
=1/ �i+2�� and �=�2q. Setting �= f�q ,��e−i�, Eq. �4� be-
comes

�s2�2q + ��f�� + s2q3fqq + 2s2�q2f�q + �1 − i� + 2s2�q

− 2is2�2q�f� + �iq + 2s2q2 − 2is2�q2fq − �i + s2�2q

+ 2is2�q�f = 0, �5�

where the subscripts q and � denote derivatives. We look for
a series solution for f�q ,�� of the form

f�q,�� = �
m,n=0

�

am,n�mqn = �
n=0

�

qn�
m=0

�

am,n�m = �
n=0

�

qnfn��� ,

�6�

which is just the perturbation solution of the fundamental
Gaussian beam. By straightforward calculation, Eq. �5� is
transformed into equations of am,n:

s2���m + 1��m + 2�am+2,n − 2i�m + 1�am+1,n − am,n��m+2qn+1

+ �2�m + 1��n + 1�am+1,n+1 − 2i�n + 1�am,n+1��m+1qn+2

+ �2�m + 1�am+1,n − 2iam,n��m+1qn+1 + �n + 1��n

+ 2�am,n+2�mqn+3 + 2�n + 1�am,n+1�mqn+2	 + ���m + 1��m

+ 2�am+2,n − i�m + 1�am+1,n��m+1qn + i�n

+ 1�am,n+1�mqn+1 + ��m + 1�am+1,n − iam,n��mqn	 = 0.

�7�

The recursion relation for am,n is

�mqn:�m + 1�2am+1,n − i�m − n + 1�am,n + s2�m + n − 1��m

+ n�am,n−1 − 2is2�m + n − 1�am−1,n−1 − s2am−2,n−1 = 0.

�8�

There are two initial independent coefficients a00 and a01.
Because a00 corresponds to a constant solution of Eq. �1�, we
set it to zero. Equation �8� includes five different coefficients
and fails to constitute a self-contained recursion formula.
Two rules �a� a1n=0 and �b� am,n=0 as m�2n �5�, together
with two independent initial coefficients, make all coeffi-
cients am,n be calculable through Eq. �8�. The sixth and
eighth orders are

f6 = q3s6�− 24i − 12i�2 + 8�3 + 3i�4 + 2�5 −
i

6
�6�

and

f8 = q4s8�120 + 60�2 + 40i�3 − 15�4 − 4i�5 −
37

6
�6 + i�7

+
1

24
�8� .

At last, we point out from Eq. �8� any order expression of
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the vector potential for a fundamental Gaussian beam and the
corresponding electromagnetic field components can be cal-

culated by a computer program, and the whole solution al-
ways diverges.

�1� M. Lax et al., Phys. Rev. A 11, 1365 �1975�.
�2� L. W. Davis, Phys. Rev. A 19, 1177 �1979�.
�3� J. P. Barton et al., J. Appl. Phys. 66, 2800 �1989�.
�4� N. Cao, Y. K. Ho, Q. Kong, P. X. Wang, X. Q. Yuan, Y.

Nishida, N. Yugami, and H. Ito, Opt. Commun. 204, 7 �2002�.

�5� Guozhong Wang and J. F. Webb, Phys. Rev. E 72, 046501
�2005�.

�6� Hong Luo and Shiyang Lin, preceding paper, Phys. Rev. E 75,
038501 �2007�.

GUOZHONG WANG AND J. F. WEBB PHYSICAL REVIEW E 75, 038502 �2007�

038502-2


