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ã 3 »��ê n = 2 �.X� - pd1å!TE �Ú TM ���|uÑ��ëê f �Cz'X

e�Û�� �.X� - pd1å, Ù3
²

¡ z = 0 þ�>|©Ù�





Ex(x0, y0, 0)

Ey(x0, y0, 0)





=





cosα

sin α





(√
2ρ0

w0

)m

Lm
n

(

2ρ2
0

w2
0

)

× exp

(

− ρ2
0

w2
0

)

sin(mφ0). (33)

$^þ¡�Ó��{��� TE �!TM �ÚÛ�

� �.X� - pd1å��|uÑ�. §��O

�úª�Óu�A� TE �!TM �Úó�� �

.X� - pd1å�|uÑ��O�úª.

3 ê�O��©Û

ØØó�ÚÛ�, � �.X� - pd1å

9Ù TE �!TM ���|uÑ�O�úª�Ó,

e¡Ò±ó��ê�O��~f. CTE �ûuë

ê f Ú�ê. ã 1 �Ñ
 CTE �ëê f �Cz'

X, ã 1(a)¥�¢�ÚJ�©OéAu�ê n = 1,

m = 0 Ú n = m = 1. ã 1(b) ¥�¢�!áy�

ÚJ�©OéAu�ê n = 2, m = 0 Ú n = 2,

m = 1 9 n = m = 2. �ëê f �O�, CTE o

Nª³´~��. � n = 1 �, CTE é f �­�k

�gÅÄ; � n = 2 �, CTE é f �­�kügÅ

Ä. ÅÄ�gê´d»��ê n ¤û½, ´.X�

õ�ª��3��ÅÄ��). �k� f �u"
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�, ØØ�ê�Û� CTE Ñ�u 0.5. �Ò´`=

� f = 0, TE �Ú TM �éoõÇ��z�Ó. �

��¹e, TM �éoõÇ��zþ��u TE �

éoõÇ��z. lã 1 ��±wÑ, ���ê m

��, TE �3 f �é����¹eéoõÇ��

zÒ��. du CTM = 1 − CTE, Ù�ëê f �C

z­�ÒØ2�Ñ.

ã 2 �Ñ
»��ê n = 1 �� �.X� -

pd1å9Ù TE �!TM ���|uÑ��ë

ê f �Cz­�, ã¥¢�ÚJ�©OéAu�

��ê m = 0 Ú m = 1, � �� α �". �X

ëê f �O�, TE �ü�î��|uÑ�k¯�

O�!�~�!2�úO��ª�u����. é

u TE �
ó, x ��Ú y ��þ�|uÑ��4

��Ñy3 f ��Ó�/�, ¿��X���ê m

�O�, �|uÑ��4��Ñy3 f �Ñ��:

�/�; 
 x ��Ú y ��þ�|uÑ��4��

�Ñy� ��Ó, ��O����ê m, 4��

Ñy� �²w~�, �4���²wO�. �X

���ê m �O�, �|uÑ�3 f �����

C���. �Xëê f �O�, TM �ü�î��

|uÑ�k¯�O�, ,�ª�u����, �k 1

ge&�L§. �X���ê m �O�, �|uÑ

�e&Ñy3 f ����/�, Ød±	vkO�

«O. du TM �éoõÇ��z��u TE �é

oõÇ��z, ¤±.X� - pd1åü�î��

0 60
51

54

57

60

63

66

(a) (d)

(b) (e)

(c) (f)

69

51

48

54

57

60

63

66

86.4

86.7

87.0

87.3

87.6

87.9

86.4

86.1

86.7

87.0

87.3

87.6

87.988.2

88.8

88.5

88.2

87.9

87.6

88.8

88.5

88.2

87.9

87.6

87.3

120 180 240 300 360

α/(O)

0 60 120 180 240 300 360

α/(O)

0 60 120 180 240 300 360

α/(O)

0 60 120 180 240 300 360

α/(O)

0 60 120 180 240 300 360

α/(O)

0 60 120 180 240 300 360

α/(O)

θ/
(O

)
θ T

M
/

(O
)

θ T
M

/
(O

)

θ T
E

/
(O

)

θ T
E

/
(O

)
θ/

(O
)
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|uÑ���Cu TM ��A�ü�î��|u

Ñ�. lã 2 ��±wÑ, x ��Ú y ��þ��|

uÑ�´Ø�Ó�; Ùg, .X� - pd1åÚ TM

�����|uÑ��' TE ����õ. ã 3 �

Ñ
»��ê n = 2 �� �.X� - pd1å

9Ù TE �!TM ���|uÑ��ëê f �Cz

­�, ã¥¢�!áy�ÚJ�©OéAu���

ê m = 0, m = 1 Ú m = 2, � �� α E�".

� n = 2 �,TE ���|uÑ��ëê� f O�k

ügåÏ�), 1��Å¸?��|uÑ�Ñ'1

��Å¸?��, 
1��Å�?��|uÑ��

%'1��Å�?���õ. � n=2 �,TM ���

|uÑ�küge&, �1�ge&�'1�ge

&��. Øþã�¹	, ã 3 ¥��|uÑ��ë

ê f �Cz5Æ�ã 2 ¥�aq. �,, du�ê

ØÓ, =¦ëê f �Ó, �|uÑ��Ø���½

�Ó.

ã 4 �Ñ
 f = 2 �� �.X� - pd

1 å 9 Ù TE � !TM � � � | u Ñ � � �  

�� α �Cz'X. ã 4(a), (b)Ú (c) éAu�

ê n = 1,m = 0; (d),(e)Ú (f) éAu�ê n = 2,

m = 0; ¢�ÚJ�©OL« x ��Ú y ��þ�

�|uÑ�. .X� - pd1å9 TE �!TM �

��|uÑ��� �� α ¥±Ï5Cz, ±Ï

� 180◦. � α 3 [0,45◦],[135◦,225◦] Ú [315◦,360◦]

��S,TE � y ��þ��|uÑ��u x �

�þ��|uÑ�; � α 3 [45◦,135◦] Ú [225◦,

315◦] ��S,TE � x ��þ��|uÑ��u y

��þ��|uÑ�. � α 3 [0,45◦], [135◦,225◦]

Ú [315◦,360◦] ��S,TM � x ��þ��|uÑ

��u y ��þ��|uÑ�; � α 3 [45◦,135◦]

Ú [225◦,315◦] ��S,TM � y ��þ��|uÑ

��u x ��þ��|uÑ�. éu.X� - pd

1å, Ùü�î��|uÑ�m���'X� TM

���Ó. lã 4 ��±wÑ, ØÓ�ê�.X� -

pd1å9Ù TE �!TM ���|uÑ��� 

�� α �Cz5Æ´�Ó�; Ùg, ØÓ�ê�.

X� - pd1å9Ù TE �!TM ���|uÑ�

3�Ó� f �Ú�Ó�� ���Ù��Ø�Ó.

4 ( Ø

|^¥þ(�nØÚ­�{, �Ñ
� �.

X� - pd1å�¥þ(�3�|�)ÛL�ª.

?
/ÏuêÆ?nE|, �Ñ
Ýþ¥þ(�

� TE �Ú TM �õÇÓoõÇ'~�)Ûª, �

�Ñ
� �.X� - pd1å!TE �Ú TM �

�|uÑ��)Ûª±9nö�|uÑ�m�'

XÏª. ÏLê�O�, ©Û
 TE �Ú TM �õ

ÇÓoõÇ�'~�ëê f Ú�êm��6'X,

�þ
.X� - pd1å!TE �Ú TM ���|

uÑ��ëê f!�êÚ� ���Cz'X. (

JL², TE �õÇÓoõÇ�'~�ëê f �O

�oNª³´~��, �3ù~�L§¥kåÏÅ

Ä, åÏ�gê´d»��ê¤û½, ���ê�

O�¦�åÏÑy� �~�ÚåÏ�ÌÝü$;

TM �õÇÓoõÇ�'~�ëê f �O�o

Nª³´kO��ª�u��Ú�, �3ùO

�L§¥�kåÏÅÄ, ÅÄ�gêÓ�´d

»��ê¤û½�, ���êKK�åÏÑy

�   � Ú å Ï � Ì Ý; TE � � � | u Ñ � �

ë ê f � O � 
 O � � � ª ª � u � � Ú �,

3ùO�L§¥kåÏ, åÏ�gê´d»�

�ê¤û½, 
���êKK��|uÑ�å

Ï ¤ � � � 4 �   � Ú 4 � � �; TM � � �

| u Ñ � � ë ê f � O � k ¯ � O � 
 � ª

� u � � � �, � 3 ù L § ¥ k A g e &, e

& � g ê � û u » � � ê, � � � � ê � O

� � | u Ñ � � e & Ñ y 3 f � � � � / �;

du TM �éoõÇ��z��u TE �éoõÇ

��z, Ï
��.X� - pd1å��|uÑ�

�Cz5Æ��Cu TM ��|uÑ��Cz5

Æ; .X� - pd1å9Ù TE �!TM ���|u

Ñ��� �� α ¥±Ï5Cz, ±Ï� 180◦. ù

�ïÄl¥þ(��5�«
� �.X� - pd

1å��|uÑA5, ´L
éÙDÑA5�@£.
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Abstract

Based on the method of stationary phase and the theorem of thevectorial structure, the analytical expressions for the vectrorial

terms, namely the TE and TM terms, of a linearly polarized Laguerre-Gauss beam are derived in the far-field. According to the far-field

energy flux distributions of the TE and TM terms, the ratios ofthe powers of the TE and TM terms to the power of the Laguerre-Gauss

beam are given. The analytical formulae of the far-field divergence angles of the Laguerre-Gauss beam and its TE and TM terms

are presented, respectively. A relation among the far-fielddivergence angles of the TE term, the TM term, and the Laguerre-Gauss

beam is also derived. The formulae obtained are applicable not only to the paraxial case, but also to the non-paraxial case. The

dependences of the ratios of the powers of the TE and TM terms to the whole power onf -parameter and mode number are numerically

examined. The effects of thef -parameter, the mode number, and the linearly polarized angle on the far-field divergence angle of

the Laguerre-Gauss beam and its TE and TM terms are also analyzed. This research reveals the far-field divergent properties of the

linearly polarized Laguerre-Gauss beam from the vectorialstructure, and enriches the recognition of the propagationcharacteristics of

the linearly polarized Laguerre-Gauss beam.
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