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1 �/��	�qjE��?Vu�[�qo& ==i�^ �)�~�q o&M�GX��&0AD���-�F�&OAD�6� 1967 EVI+�N�qj [1] "a�
&�,VI|( 2 000 N�qj�℄�BNXEZ&0ADVI �8f�#R�= X &Oo& �qjE� 100 N [2] �R��=F�&Oo& �= 7 N [3] ��qj �3��E�~9i�f
T{���*g 3{$\�qj =J����qjo&`Æ<�U9i��qj P<[j>�� �qj$��qj�)5aD!�3j>�^<.sA =a�=��#RaK7o&wGZ�qj�U� J(g℄j?��E�qjo&aN�3�℄*l�� 3{�:Ai	o&E:�U� RH�sr4\1 �RRH�sr4�E:uew\1 �,�{3{ ��E#ZAvmo&wG<o&U ��*.��=&A�#R �;E� uewi�3m�=&AB� �U;s��3<H�qj*� vm�6 1967 E
 �
& �f�ZH&0o&w o&��$qK7�zu|�j?Z��� �i���2006-11-10 � )t���2007-08-17u�$	�-t8�P�_�3(X: (10403001 � 10573002)



� 324 ���������.���%�������� 25 ��jq���&Z<RH�sZ$�gZ��� ��R(�ho&���`_A 10%(eL$!1 [4−8] �([=
zu��RH�sZ5AH&0o&w��x�$�DK7 [9,10] �RA(uI NAD9CK7ZE#?K7&0o&wG �$����N�K7�?AD o&wG�� [11−13] �Q"Gu�H�qjo&wj?K7 �3{��� &0o&w��K7$��HNADo&wG�$��K7 �D�*-+ 2 gB�$	�o&wj?K7Z  �`U<�.�=H℄*�<	6 7CD|-�<RS�+ 3 g�$�= K7�.Huew3m�&0o&3m<o&U��$i�3{�3 "&<b?�+ 4 gHo&wj?K7Z Vb$q;�<RS�=b�'a Vb[�
2 �q(ylAM9"e\�kE� ℄*`U�K7o&wJ(<j? �Dj!"Ejg�

1) �j?Z [7,8,14−16] �Æ:o&U s+j?<�Gd^ j?�>��#R� &0�qX�anho&���
2) RH�sZ [6] �:��a0n.a 	��q�
6{Z[R(ZaK7o&w��[�� Z�oa0$\j�U�+ r4� RH�a0��(qZa0�E��� o&�
#Rn �ka0<�^ ��a0$�Æ:nK� E�2Wj! 3 � � Z��q�
6{Z�:E�M �q�
6{�Za^�o&���JtZ��1��M OJt(�{OeA.<�q�^�g. R(Zanho&���.fjR(�;Z����M&0�^�.fj�g<:fj�g R(ZaK7o&w���
3) jq���℄Z [17−23] ��1jq���℄n.a �qjo&�&�� R(4P[3Æ�Xa�Ro&wG _�
4) NAD9CK7Z [11−13] ��1&0�(�<�?AD �qX��R(Z�Jt$#Rxw�K��k�(qZ<|+�Gd^$a0 2WaK7o&w �$���

2.1 �Tvqb`{ZE�qZo&Us+j?<�qj�Gd^j?℄z  ��+��qjo&�`a6�7`� xdEg�sOw���+�:ARH�sr4 o&Q�!(d
1�sOkO[�n"�Uo&6of==�7h o&U�o&UE� J(�1#RnLO��X#R�E� �q�^X���o&U�2��s �Æ:o&U s+j?�>�Q"�#R� �qX�uuo&Uh�YÆ:�Gd^ j?�:o&Uhuuo&���o��o&��6Q"��#Rz��q�^X���q�[��o α(6+�<�� �) <LO[ ζ(6+�<LO �) uu�ogZ ℄*x+!��qjo&w�^!.t�Gd^�o&wG�A��<6+�nZ P+Hd�o&[
1�sOkO[�&0�q�^1O o&a6A�Eg�sO�=~a\�{Z5� j?�> �=x��1)A�Eg�sO  o&�� r o&[<��s ρ(ho&Uh�opening angle) �>(d! ρ ≈ 3/2(r/RLC)1/2 �℄�(e



� 4 \ xR=�%��rkp'x���4 325�L$!1 RLC = Pc/2π[24]�:ox�$>���D�`N5�~P o> r = 6.66ρ2P [14] �℄� r � ρ � P j;"�m��</!�(� 2) ρ <�q�^X� ∆Φ  �> [14,15,27] �
ρ = arc cos[cosβ − 2 sinα sin(α + β) sin2(∆Φ/4)] �℄� β(impact angle) E��<6+�nZP+=LO[<���{ s ( +z� LO[C�o< β �{=�E�>�
ζ = α + β) �Æ:" x>�H�~ α < β  �qj��#R� �q�^X�Q"nhuo&�� r �yNDn5ogZnhNMo&��� Gil < Kijak [16,7] A 1993 E< 1997 E ("E~d GK93 � KG97) Z 430 MHz < 1.4 GHz x�&0AD Rz| 20 NN�qj�q�^ �X (o&i�A'{ X�) �nh�� o&��NZ 200∼500 km �{�� >_A(�L$!1 5% [25] �Wu $
 (2002) [8]("E~d Wu02) HZ 610 MHz � 1 408 MHz &0AD 18 N�qj$q|nh���o&��Z 100∼400 km `�=�

Rankin [26] ℄AH�qj�^ :<. jg�5�j?Zj;H:<.fjnh|o&���Rankin [14,15] j;nh| 200NN	3=8l��l�[l��l�q�^ �qj.fj o&���n5 �qX�E 1 GHz �^ !�X� (half-power width) ��.E.o&��RZ 100∼300 km �{�HA�l��l�8l�q�^�:fj�� �.Eo&��Z 10∼250 km �{ [5] �
2.2 �#^�(b`�j?Z� ℄*x+E!|nh  3���qs�U�=N�a0X��9qr[Jhox+� �="Ej�� 1) Eg�sOw�� RH�sr4=j�qj�+ e��:ARH�s (qZa0���9ÆKOk>� #YnG� r4o&[EYE�sO kO� 2) :A|+�^ �ka0�o&���r4H�^ ^D5$�<�qj�^Jh.t�Gd^(o� 3) E��� o&�
6{ Z*�n+�ka0� S	�a0>X2WE���  o&�
#Rn 6{���Q� R(Z��E�M o&��E�n\1 R(Z�OJt(�{O �g<�q�^�g R(Z����^�:fj<.fj �gR(Z$�K_ �n5#R� R(Z6Q"K7o&��[o&w����6H0=E� Z��oZ>5�(qZa0�n"ogZd!RH�sZ�
2.2.1 �87LB= (Timing)

1978 E Cordes [4] KY| 3 N&0�qj	Zx�AD (PSR B 0525+21: 112 MHz, 613

MHz, B 0950+08: 40 MHz, 430 MHz; B 1133+16: 40 MHz, 1 400 MHz)   eb�q�^�gR( JZ�n5�ka0<(qZa0K7|o&��  K�oEQ�K�(qZa0aK7o&w(� �D�{�D℄AM – ���> (Radius frequency mapping, x+�Mo& ��-'Mo& '�"E~d RFM) �j!xIK�� 1) �ka0�� �M ν1<'M ν2 �qi7�
6{Z! ∆tret(ν1, ν2) = t(ν1) − (ν2) ≈ [r(ν2) − r(ν1)]/c � 2) :(qZa0�� 6{Z! ∆tab(ν1, ν2) ≈ sin α∆tret(ν1, ν2) ��#R� x�M�q�^�gR(Z,�!�xn�<�"�7u�Mo&��  K�Yn5.t�Gd^j?�>��x�M �qX�-�~'Mo& �� K��� �.E'Mo&a6AE1�j�j(e L$!1{��Mo&��E1 1% (eL$�



� 326 ���������.���%�������� 25 ��x|�ka0<(qZa0�Phillips(1992) [28]("E~d P92)$�IK�|�sO��a0 (�:A�Gdo&H�^ s8�� �sO[K�{ a0ÆHx�M�q�
6{Z �J��7| 4 N�qjZ 4 800 MHz AD  o&��'A 100 km �Z 47 MHz AD  o&\1AR 300 km  ���Kramer$
 (1997) [29] ("E~d KXJ97)n5 P92  ZK7| 8 N�qjZ 1.4 GHz < 32 GHz   o&����.82o&��`�RE�qj!1 10∼50 (�>Z�j�j(eL$!1`�=�
2.2.2 �F[=

Blaskiewicz $
 (1991) [6]("E~d BCW91) K�5RH�sr4� �+a0HOJt(�<�^ 2WaK7o&���zu|Jt RH��3m�{�D ℄*ZzE�RH�sr4� �+e�E#.aJt(�{O z~R(�;��.a�q�^R(�;��xn t{zE��u �ka0 2W����q�^�g<OJt(�{O�g=R(Z�p&�uR(ZH0 6{Z ∆t <o&�� r (d!? ∆t = 4r/c ��R:#R� R(Za^�o&���Jt RH��3m�5�|��℄*x+�.t�Gd^��M o&a6�����o&wGp!z�Eg�sOw=l�A�� – 6+�P+Hd�{ZH5Ao&��Es� r[E�K,E℄�x+Jt;z [PqAr4ue�[��R�Jt(�7(!ue�[Z�s  �2�ue� uZE�G�r4 W;e�8?!PqA�^ jz<�+e�jz ;z<�Yu���ue��H���o&���6��+e����r4 e�[0{�1��24U���;zCf Z_X�a�JZ�W5{Zu��~==� S oJt(�{O �qj� BCW91 Z 1.4 GHz <
430 MHz  j;nhu 18 < 14 N�qjo&��! (300 ± 200) km < (410 ± 260) km �

Hoensbroech < Xilouris(1997) [30]("E~d HX97) 5��Znh| 21 N�qjZ
0.43∼10.45 GHz �AD nH0 o&���nh�.Eo&���Z 1%∼2%  (eL$!1`�=��6p&�-�|:�j?Z<JtZ�� o&���℄�.℄*���
2.2.3 �^6>URX;=

Gangadhara < Gupta (2001) [9]("E~d GG01) _K�|���a0���q�^�.-:fjo&�����ka0<(qZa0<�.fj f� (leading) CKj (trailing)JjRHA:fj R(V1�;�EYHd�Zo&��Es� r[E�uo&��<R(�;�{ (d�> ri =
RLCηi

(1 + sin ζ)
�℄� ri �8+ i �.fj o&��� ηi E(qZa0<�ka0�� ;R(�;��#R� f�<KjJj R(GÆ$��q&RH:fj�g R(�; ηi = (φi

1 + φi
t)/2 �℄� φi

1 � φi
t j;!+ i �.fj f�CKjfjRH:fj�g R(�: +x>nhu��K�YÆ:.t�Gd^ j?�>nho&a6;�U�sO�GG01 H B 0329+54 �^� �.fjD|nh����

1) Z 325 MHz < 606 MHz AD  o&��Z 160∼1 150 km(0.5%∼3% (eL$!1) `�=�'Mo&��-�M ��� 2) n=�fj o&a6Ad"w��(� �%U��&� Si/SL = 0.5 ∼0.6 � SL !���A�Eg�sO�. ?h (�.E���Eg�



� 4 \ xR=�%��rkp'x���4 327�sOCd"w8+  �.) � Si !���+ i �.fj�. ?h� Si/SL .S|.fjZd"w  jG�
Gupta < Gangadhara(2003) [10]("E~d GG03) n5�� Z�7|�� 6 N�qjZ 325 MHz  .fj o&j?�℄o&��`�! 200∼2 000 km(0.5%∼4%  (eL$!1) �a6A Si/SL = 0.2 ∼0.7 `�= ��U��&�%U 1[X�Rj5(�U{{�R 10∼20 m �ZK7 o&��`�=�R-�k<(qZa0:A�sO��a0E��a0�,�Q"M��
Dyks $
 [31] Z Gupta < Gangadhara nN5Z ℄z D|$�I ~$�N��q��E�dALOj?i< Z�℄ � ~$Et{| GG01 Z�(qZa0�� R(�;�>���<LO[ ζ 6� ��8
> r ≈ −

∆φi
obs

2
RLC �℄� ∆φi

obs h
GG01 7( ηi �o��u o&��6EY�dA ζ �E0G�Jt(� BC�7 α< β �Yanh ζ �!nho&��z�|3�
2.3 �%x��b`:Ajq��$h4~)� ECVs<i��<�qjVu &0AZ,1jq��KAv+R(\1|j`�;�8Iu�& I^�d!jq�℄ [32] �jq�℄Q"�1�qj ;tYa�3��qi�Z6{<#RM T$�  4Pr[h!℄;tY�Æ:�qi�i� i��jq�℄j!��℄<i�℄�i�℄�j!�&�℄<l&�℄�RHR��l&�℄i����H0 jq���&T m���Q"5i�℄aK7�qjo&wG m�� �Z="E�� [33] �
2.3.1 �YKJN;PG=6Z;tY���qi�ZM� XuI{�E$ Pq�1�oQ?E�qjo&,1x�[N�E��1l&KV1�*.a �o�r[Ejq��R�AU{�*���.eb�^�E�R( o&a6�U�E� H[ (~�LO[) wG�6Q"�1RzE�R(D ;tY��*�� R(Za�7o&wH[X��Wolszczan < Cordes [17]g Gupta $
 [18] j;#R� B 1237+25 < B 1133+16 l&R��1�K7uxno&wH[m� Kj;! 1 100 km < 300 km �x+o&a6�Gd^� �����:H[X�nhuo&��>Q_A(eL$!1�
2.3.2 �WKJN;PG*&�&�℄ ;tY���`Ej` ��Q"n5℄MGi<a�ho&w H[m���.x�.N ?1|jq��Z#Rn{^f �&� _�_q& ;tY6X=Z;�^1a��q&;tY �XR�5X<	fj4R�5X���R�>X<�R��X (decorrelation bandwidth) �Q"�7o&w H[W�[℄ K� SKi05A�qj�6E�#R�q�^�E�R(Dfj ;tY��7q&nH0 4o&w H[{��
Ao&w ����`Æ:�Gd^(oa�G�Cordes $
 [19] ~~|xN[l�qj� B 0525+21 < B 1133+16�Z 430 MHz  #R|	6[lfj ;tY�$=VIq& Y=MG Z;�K7uxNjo&wGH[m� Kj;! 850 km < 1 100 km �Æ:Gd^j?��G℄o&��j;E1(eL$!1 
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6% < 53% �gd)� Simirnova $
 [20] Z 103 MHz  #R| 4 N�qj ;tY�K7℄o&w��
� 103

∼104 km �
2.3.3 �HJN9:℄\M?H<>43Æ�X (modulation index) E5a.Si7i�atRHi� OX�7(!o&�z 60JZC�zPC��-�#Rn�O� 0^EN o&,1��K�yN�1 Ra 0^;z 4u�i�℄r[EE��1 0^R(4P� (A 1 N�) �=lEj` �HA.N�Cf0^u��_jG�o&�zu��XjG�nH0 3Æ�X! 1�HA�bN�E�wGVu o&iR�4u�<�3Æ�X_A 1 �i�jG=;A�Xo>�=ljN m�R4P��1Rz3Æ�X<BC�℄.a i�jGQ"�R�qjo&N m����D�� Vela $ 9 N�qj o&m��RZ 102

∼ 104km `�= [21−23] �; a\��qjjq�℄Z7u o&wm�'��� � E�7sZA�<�7jq�&~ ?h�=lI= �Q0�1�SE���E?"���N �qj�i℄- jq�℄#RX:�
2.4 �_O℄3s` S	�Z>EÆ:&0AD #R�^�Jt[jq�℄$#RxwaK7&0o&wG�HA�?o&�Jt<jq�℄ ZEYH5�:AF�&Oo&��Q?Q�A&0o&wG [34−36] ��� (qZa0 ({-A (r/RLC)2) <�sO��a0 ({-A
(r/RLC)3) [37] 64�H#�u�Z  ~$�!|?�6K7&0<�?AD o&wG�
Wang $
 [11−13] zu|NAD9CK7Z�K�E�?Do&��Z;n�a RH�s<iRH�sa0�n5&0<�?AD #Rxw9CK7NAD o&wJ(<���{ZQG05AF�&O�qj B 1055−52[11](o��D"E~d W06a) �{j&0AD= �q<�{�q�F�&OAD�q�^�X�l<&0 �q�{=R(Z��oR! 73◦[38] �Æ:&0ADOJt(�{O<&0 – F�&O�qR(Z� W06a �G&0 �q<F�&O�qa6��d�R&0�{�qa6���d��R�&0 �q<�{�q�{�&0�q<F�&O�q�{ R(Z?:(qZ��k<�sO����a0\1�=:�nhu&0<F�&O�q o&J(��.H?� �q��{�q<F�&O�q o&����-a�l�naNAE�U ��&�\1F�&O �sO-\1 �q �sO�M(���R�{�q_a6�uM(�� ��&�!3Anh� S�Dx+|.t�Gd^<o&wG�A�� – 6+�Hd�E��=7Ks ~PZ�!Suo�7Ks�Wang $
 [12,13] 5X� 9CK7ZK7o&w �$���X�9CK7Zx+�^!qU|+�Gd^�℄℄*`��E� 1) QGZ+7 �oE��Eg�sOw �sOh�P�:���A��Eg�sOjf��U (�) �%�U=={�?�_ ���sO� 2) Z7J�+Ok>�nh%�Æ�sO E��� o&[��1��24P��9ÆK>� o&[ ($3|(qZa0) �YK�E��� �ka0�nh���sO 	. o&[<o&�
#Rn R(� 3) Z+7 #RL[Ejuo&[
1LO n=.���q& R(�Y�:#R� NAD�q R(X��R(ZK7o&. `�� 4) �o<L[E{Z� x��� j?OX�



� 4 \ xR=�%��rkp'x���4 329�xnQ"�1HOJt(�{O BC�� [38] �H=�qj�� Crab< Vela �qj�℄��jU�(�< X &OAD �-[Q-��Q"��k)�huL[�Q"<Jt(�BC�C<5�C℄pZR-�X�9CK7Z=�H# x.�T�E���8f{Z{A�I�� 1h��u��A 3{$\�?6e)BCOJt(�{Ou��o<L[��?n5OJt�$�IK7o&wG$�
2.5 �j2b`XJ|8 1 �k℄*x+�86�H5����3 H^<�.H S	�ZD|H-�q&  �*��\�E�

1) X�PD��j?Z�RH�sZ<jq�℄ZE℄A�; Z�9CK7ZE℄AX�nh Z�
2) �� i<��j?Z��
6{Z�JtZ<jq�℄Z��  �Eo&��[H[m��E�$ i<�RNfjR(�;<NAD9CZ�� Eo&w�$i<�
3) H5AD�f+	�Z�� &0o&wm�[���RNAD9CZQ"℄b�K7�?ADo&wG���
4) ℄*x+��j?Z�RH�sZ�`N5.t�Gd^x+�=x+o&w�A��Hd�NAD9CZ_gX|ox+�==�* H5s�
5) ℄bs�R-�; Z�X�NAD9CZ==�i ℄bs��vX a0

(�*(RH�a0H�sO(o 2W [39] �r4�H�sO(o 2W [40] $) Q"u��o�Pr��� N 1 �f�ÆQ�pwr~k"[aYK}f ℄ _,y, 1) :7 I6�� �5 slY "�b	 "��0
1 2 3�mBf℄ SD G G r) (1) )2 R90: 110 O� �He_mB! ;gk�B#

(R90)2, �B s�_#Y R93 a, b: ?>r)Wt- 10∼250 km;

R93 ab, BY< 200 PO� mB!?�< /gk�B#
KG97 &) (2) �pÆ> KG97: 20 P sYBoi�B 100∼500 km;M℄Æ!� O [`B 0.1RLCa >SK�f℄ SD G G r) v�P)2 C78: 3 O� F
CF!#f (Or)�B�
– ��7| �B O�#%T K97: 8 O  s�_�h B�Or)#�℄ (C78)2, Y< S*�|?K[� B��B?`B
K97 &) �<�lb1> 0.1 RLC)r[b1N:r)�B#!N



� 330 ���������.���%�������� 25 ��
({9 1)f ℄ _,y, 1) :7 I6�� �5 slY "�b	 "��0

1 2 3SK�f℄ SD G G r) )2CF? 1418 MHz:  s�_�h> 1418 MHz ! 18

— Ku℄ �B S pQKu 18 O� QKu*Æ} OlB�/gk�
(BCW91) *Æ}Q 430 MHz: Q�h℄2S* B#(300±200) km;

14 O [�p�S*[ 430 MHz ! 14 O>�B?�:# lB�/gk#!?�'SR� (410±260) km, ?%T�#S*[ [`B 0.1 RLCa_�r)�B  >SK�f℄ SD G n U&� )2�_ 7 O /gk#h�F /gkr)�B
—/gkS (1)r �>?P LkLkSKB 0.3%∼4.3%RLC*�=℄ )� �/gk ;gk#S*X a >���/
GG 01, B� 2�=�}S* mBf℄��#
GG 03 (2)� [>�B?�: �B�
?n�' !?�'SR� w/gk#SKa %T�#S*[ * Si/SL [_�r)�B 0.2∼0.7 Fh�uQa > sllr SD G G r) ?��{ F� 20 O o6m)�^ r)�B[�^f℄ zI #lr� \�)�^= 102

∼104 km℄n ^%TY uZ�\j� a >B < ^#jBkHN:r)zI℄nBY�:E RD n n �&� �)2��A B1055−52 o6Y��℄� )2r)8BN:℄ (1)� CF>#r) L�},�H �Fh�uQ>B� zmB�r) e_F#)r Si/SL ≈ 0.3 #
(2)� a R�)) [>�lb1� yW�uQ�G�' gM% �)2>�A �)Qr)8-B �_�Ku& �29-#��a � %TyxN: 8 Si/SL≈0.8

(3)� r)zI Fh�uQy)�'2℄nB*� 1) _,y,�# 1 � 2 � 3 k<�:�_*p�r)z!B Ω − µ Q-Ke�)2 s�_2P#r)8B�Fh�uQ� SD #/u�He_� RD #},�He_

2) R90, Rankin 1990[5]; R93a � b, Rankin 1993a[14] � b[15]; C78, Cordes 1978[4]; K97, Kramer

et al. 1997 [29]



� 4 \ xR=�%��rkp'x���4 331�
3 �J6dk�5}"dA
3.1 �^y��'Xz+�qj�U� uewH\1o&E0EQ# �:A�^j?<�qj8+08Uz?$K,�uew� 08)�Jh GJ 08)� [41] ���PqA�^ ue0^��0r4Z℄�)ue�dCRH�s�d!tir4�\1�?o&�Kz 04Hiv1h\1z�'? �iRH�s{w04H�oti<�ir4E�qjNADo& NÆ��EI= j�uew3m�$\qU={�3m (Inner vacuum gap model) [24] �Ca{�3m (Slot gap model) [35,42] ��{�3m (Outer gap model) [43−46] <Quew3m (Annular

gap model) [36] �Zuewof`Æ<uewZ�U� (�$+S	Z1Gy)�i�  E�7s �E�?~~uew 1����o*g��>~"'�A ℄*3{����qj *�E�4jSE`*j��U�?of`� 0�W��(eL$x( 08l4Em2W�U�uew of<�?2W$�,���#R �;uew3mH SR�3{ �3=�� %(�!|H{3{=��+ i��=0�G~��$ Sj�uew3m�9℄Eq&Zuew<o&wJ(  Z;�
3.1.1 �ZCEBSDV�.�qj8+�0r4Uz??��r4�E?)`u8+a'D�(eL$�> r4�Z�qjd"w8+6XofqUuew [24] �o�uew?�Z',�i�^ �4j [47] [�`*jd"w8+of [48] �(Ea Gil $
 [49] Vb|qU={� YOg03��!Z={�uew=���{E�gg0wG�����Xof��{� Q-YOg0wG��`E1 3 �Q�qU={�uew/m ��R!�( zi�:A�qj8+x(�^Gi�tir4\1 F�&O(4�1�^[[(4H01h)+P!{w04H�6Z}u��RZuew"  �U���i04\1&0o&�Q")#R��n"o�3m �5a�J&0o&�YOg03mZ�J4�qL�+�!f��℄AqU={�uewzu &0o&3m��{o&3m [24,50] �CIWL�&3m [51−53] $�Z�J�q�^ gm<jM P+�!f��
3.1.2 �T5BSDV{3mx+08Q"6:)�d"w8+�u�j108�;�0� wzs�u08)�����P^-Z��R GJ 08)����q^-Z��xn�Z��Gi Pq0^ [42] �8f Ca{�3mK�|*(RH�a0H08)� 2W��� �YE�uew�d"w8+E=�
A�Eg�sOx( %U�-��((eL$ [35] �{3m �5A�J�?o&�:A�?&O �E:tir4\1 �,��?o&wG<uewG�R��
3.1.3 �QBSDV (Outer gap model)\[ �{�3m℄AU{KÆs08�; x+<�08+xQ GJ08^7 r[�3m� uew
1A�Eg�sO��08+�-�(eL$x(�:AA�Eg�sO j?(o��=UEg�sO \1 F�(46Z
�A�Eg�sO$RDp04H�



� 332 ���������.���%�������� 25 ��n"�uewE�(qU uew [43,44] ��$�{�3m [34] �u|uewZ��U (��sO|1�08+ wG)� J(�℄X�Z�� – 6+�P+xQ�7 ,�`�=�REEn= A�Eg�sO�a���08+�-��((eL$�=�A�Eg�sO[��[=�7 J��J�:uew�[(4H0n�� 04H\11hA7�A( Hirotani $
B�)K�|�uew� o&�04H\1<r4ue1h�ZE� 1���E�uuew� 0^jG<uew j?(� [45,46] �C}� �{�3mE��p&VIuew(A�08+"=["� �~AA�uew=�1��$uew� 0� _��6uew a� (=�1� ��Z) �X=n~4��{�3m �5A�J�?o&�
3.1.4 ��AOIDV (Annular gap model){3m�d"wj!:w (Core cap) <�� Qw (Annular cap) �j�OEn+ ���sO�:w<Qw Z;E�:w Eg�sO>EWS�08+�RQw_>WS�08+�:wQ"ofqU={�uew�RQuewQ?�d"w8+�-��08+x([1�08+�Quew��Q?ofYOg0�n5:w<Qwg0.L�[R^ �Y�{3m?��J B 0815+094�q^[L� I^ [42,54] ��j? 	�{3m�u &0o&w4�|:w<Qw�R�?o&J(#(AQuew�Z�ZzE�F�&O�qj
(� Crab � Vela < Geminga)  &0<F�&O�q�^>Q"���J [36] �� 1 �u|	�uew �Y���Q"qy)G�q&Z�U�J( Z;�

� 1 �
�vfx!�Z
(a) rV>|Awgz [24] � (b) �|Awgz [43] � (c) Db|Awgz [35] � (d) Rwgz [36] [ sl�W�#L*�_���o�#wgz� (d) �F�>V�-3k<:BRwgz>;wgz� NS :B�5l*&#RnK7 Eo&wRiuew��E�fn ��a^�Kn gm0
��EQq ��?(4E:tir4\1 �,��?o&w$\uewnZ ��&��uew�uew"  wG�:A�ir4 �EZuew6J<uew�\1 �,�&0o& wG�'��E1uew �� (���& jU$) X^4Zo&w����8fo+ K7�DSG�Y�E+#9xp\2�
GG01 < GG03H 7N�qjK7u T$o&w��82��q�^�E� .fjEa6h��Q(E� NU��&��o��&Zd"w8+ �.jGZhd"w�g

(��) Q(E� Q=�℄{�R 10∼20 m �o�.<qU={�uew g03m [49]



� 4 \ xR=�%��rkp'x���4 333�℄*2C����+��ko&U �: + .3m�o�qj o&U�$3:fj<X8E$ .fj�,RHo�qjR��o&U�N�. ��GQ?aNAg0wN�g0Q� ���NAD9CK7Z�u B 1055–52 K7�.H?o&UQ?HA��EHd [11] ��� 2 n?�&0o&U$3x�. (H0 �q<�{�q fj)�℄� �qH0 �.E�z�Z�� (M(6+�) E (M(o�) x1H?uEHd�F�&Oo&U�=gd r[�Æ:K7�.��{�qH0 .fjGQ?aNA���sO"= wG (:w) �R �q<F�&OaNA���sO"� wG (Qw) �Quew3m�!:uewQ"\1&0o&�QuewQ"\1�?<&0o&�,��{j K7�.}jQuew3m�u��u E�*& S�D?�H�;�qj o&U��[℄�U�E;�uew�u�tI I;��ESu�j;�N �*M?�#R ��+)i��E3{� 1) H�uew�Ca{�uew�QuewEm>?j�	Z |:�ofE�uew �qj=?Z*� 2) &0o&naN ��&EmW5EjU �Em=aNA�U��& r[�xgr[�qj xw=?Z;�

� 2 PSR B 1055-52 p'x��V,�=p'V���&� [11]

(a) " l (MP) ��| s (IP) >G�)Q s (GP) #�h*[ Ω − µ Q->#B'��_� LOS �:MQ�7	 NCS #w�Q:B�29-�7	 1 � 2 � 3 � 4 #}Q:B���uQ� MPB � IPB � GB k<�:" s��| s�G�)Q sr)W� P1 > P2 k<�:y�e�
 (b) F (c) Gk<8ye#)2>G�)Qr)W[�t!3#B'�
3.2 ��Ze��'Xz+8f�J�qj&0o&`Æ=E� i�3ma�J�{o&3m�!&0o&E
1�{�sOW; �iRH�s04 {o&\1 [24,50] �RCIWL�& (ICS) 3m [51−53]  �YE��i04<qU=uewg0\1 'M(4 (MR 1 MHz) V1CIWL�&��?z+�'M(4�\1�M&0o&�x�3m��� – M�>=nE��fn℄Ao&M$A$h4~t�M x+�K���U�04)�j1��auR�#���$h4~t�M
'�n"o&M�R0
'��� E RFM  �Y (.<:
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� 3 �DJXM4n (|P) �v!
PSR B 2111+46 !NÆ – p'�A�=;$S��!ONp'�A [55]

�&(4M�> ν = γ2ν0(1 − β cos θi)(℄� β = V/c � V < c j;!04e�<(e)�j1�� au���2,4 γ Z��(4<04W;[s θi G�#Kau�Q"�u�� 3 n? M���>�
Zhang $
 [55] H B 2111+46 7 �M &0�q�^C�_fjjh�jhu:�=.<�.��fj�Æ:	fj �qX�5�j?Znh|o&���Q��M –o&����H? ICS 3m �Y<�#R7u .sC��6��� 3 n?�n"HoNj j;�.! ICS 3mz�|}j�

3.3 �
� – h\m�Xz+M – ���> (RFM) At zuE!|�J��qj &0�q�^X�jM3�R�_ I^ [4,56] �x+'M o&a6��{R�Mo&a6�'{�<'Mo&U h-�M ��R.a�q�^X�jM 4P� RFM Q8?! r ∝ ν−b �E� i�3m� RFM  o>EE� ��qU={�uew3m [24] �u �JE5���  o&M<$h4t�MR���X b = 1/3�Barnard< Arons [57] zu l&}�a03m_�! b = 0 �h	M o&a6�����n5�#R7u E�M  o&��BC
RFM �X�6Q"}ÆE� 3m�8 2 ~u|*-�$  ��Dn�� RFM �X���Q"Gu�1�j?Z�JtZ<�
6{Z7u RFM �XPC�>Z 0.2∼0.3`�=�<qU={�uew3m J���(�N 2 �-P�aWVY RFM 0�%T KXJ+97 [29] KG97 [7] BCW91 [6] P92 [28] HX97 [30] Wu02 [8]O�a /GHz 1.4∼32 0.43 �1.41 �1.42 0.43 �1.418 0.047 �4.8 0.43∼10.45 0.61 �1.408�,Y 8 10 18 � 14 4 21 18

b QD 0.29±0.15 0.21±0.07 0.20±0.10 0.12±0.10 0.3±0.1 0.27±0.12f℄ ��7|℄ �mBf℄ Ku℄ ��7|℄ Ku℄ K PY℄ 1)

1) ,�!G���mBf℄u��u E� So[AqU={�3m ��##EZ RFM �XPC%( R� ��A�� – M �>�=��/�vw 3{� 1) :<.fj ��<M�>Em=Æ* Z;�8 2 � �Dn~�*Np$3=.fj �^��$3�=:fj �^�'Cwj�=lHA���qj�RFM �X�	ER��R Zhang$
 [55] ℄A�_fjjh�� 
B 2114+46�� – M�>82�:<.fj=Æ* Z;�2) �q�^X�jM�_ �qj��|*b �)��E�=R��Jj�qj �^X�jM℄*E40
au ($\=



� 4 \ xR=�%��rkp'x���4 335�.fj<#=:fj �qj)[58] �'hqU={�3m<l&}�3m�u RFM �X�H���?�J� ICS 3mQ"�J�Jj�qj.fj X�jM3� r[ (u�x+04��2,4j��T"E
)[52,53] ��y�E�R( YZ* �?�u��+ �J [59] �
4 �=�Ee�� 1967 E
 �
&
zzu<Vb|�j?Z�RH�sZ�jq�℄Z�NAD9CK7Z$aK7�qj o&wJ(<j?�����Q";�u�EVbvC�

1) �iUP .t�Gd^<~� o&Us+j?�>�K�	�a0 2W�$\iRH�sa0 (�ka0��sO��) <RH�sa0 ((qZ�|+�Gd^) $�
2) ���7o&�� (�j?Z��
6{Z�JtZ) ��7o&wT$i< (��<d) `��Y��7o&w �$���
3) ��K7&0o&wj?��6K7&0<F�&Oo&wj?��1	�ZH{`�[�qj (normal pulsar)  o&wj?K7 �.=yN���{� (1) ℄&0o&���`E1 10% (eL$!1� (2) �M o&���`-'M o&���'� RFM �> �XPC�(A 0.3 � (3) NfjR(�;Z<NAD9CK7Z�� �.82&0o&Q?a6AEg�sOwE�U ��&�*&�,=yN�DaK7o&wJ(<j?��E<i��3 �CSGE�� �K,ENX�D>f�Zw�&0o&���#��$i<n?�v> i�3{�#�,�Vb�qjNADo&w�$�� K7Z �D6H�i`=%(�05�$��K7n?$q �D
#$\"Ej�+� (1) �C&0� X &O<F�&OADR(jhYa�3�U�E�wGo& Z;�$RsGo&`Æ<r4?zjG$ Z;� (2) �U�&0� X &O�F�&Oo&w�� Z;g℄K,� (3) �1o&w���;E� o&[uew3m� (4) �3o&w��Em==EHds�℄K,E8#�9 nS���?�K7�qjNADo&wG�$�� Z��℄Co&w<uew$i�3{ �3!)�CE�� VbvC���qa��z �qjo&j?3m�E�u�Z�f #RX:��u�Zi�<Z =n�U�6��?�j1o&j?3m [fVb�$�>Xu/
&H�qjo&w�� �:��6!R�i��3z��� �:�R�� �
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Study on the Structure of Emission Regions of Pulsars

XU Shou-xi1 , WANG Hong-guang1, CHEN Jian-ling1, LIU Yi1,

XU Ren-xin2, QIAO Guo-jun2

(1. Center for Astrophysics, Guangzhou University, Guangzhou 510006, China; 2. Department of Astronomy,

Peking University, Beijing 100871, China)

Abstract: Pulsars are neutron stars or strange stars that can generate multiwavelength ra-

diation. What the structure of emission regions in pulsar magnetosphere might be is tightly

related to some fundamental properties in pulsar research, e.g. the nature of pulsar (neutron star

or strange star) and dynamical process in magnetosphere. Extensive studies have been focused

on the radio emission height and some consensus have been reached, that is the radio emission

heights of normal pulsars are usually less than a few percent of light cylinder radius, but the

transverse structures, in both magnetic azimuth and colatitude dimensions, have not been well

identified from observations for a large sample of pulsars. Although some constraints could be

obtained from detailed observations, the structure of high energy emission regions still remains

as a matter of debate in theoretical models of magnetospheric accelerators. Recently, there is

progress in the methodology of constraining the structure, which is promising to push forward

the research in this field.

In this paper various methods to constrain the emission regions are reviewed. They are:

the pure geometric methods, the relativistic methods, the interstellar scintillation methods and

the multiwavelength synthetic method. The pure geometric methods, based on simple assump-

tions for beam geometry and dipolar magnetic field, are widely used, but are only capable of

deriving the emission altitude. Relativistic methods are more advanced than pure geometric

methods, because more effects that happen in pulsar magnetosphere, e.g. retardation, aberra-

tion and magnetic field line sweep-back effects, are involved. In the latest version of relativistic

method, three-dimensional parameters of emission region could be constrained. The interstellar

scintillation methods provide an independent way to constrain the transverse size of emission

region. The above three kinds of methods have been used to constrain only the radio emission

region. Recently, a synthetic method was proposed to constrain three-dimensional structure of

multiwavelength (e.g. radio and gamma-ray) emission regions by using multiwavelength obser-

vational properties of pulsars. In this paper � the main ideas, the results, and comparison with

the advantages of these methods are presented in details. Implications of the constrained results

to theoretical problems, e.g. testing accelerator models and radio emission mechanisms are dis-

cussed. From the evolution trend of these methods, it is suggested that the future efforts should

be tried to develop various methods that can be used to determine three-dimensional structures

of multiwavelength emission regions and to apply it for a large sample of pulsars, combining with

studies on related theoretical issues.

Key words: structure of emission regions; emission mechanism; emission altitude


