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ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʦʧʫʣʴʩʘʨʦʚ 

ʉʦʣʥʮʝ 



ʇʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ 

Åʇʝʨʠʦʜ P 

Åʇʨʦʠʟʚʦʜʥʘʷ ʧʝʨʠʦʜʘ dP/dt 

Åʉʨʝʜʥʠʡ ʧʨʦʬʠʣʴ 

Åʄʝʨʘ ʜʠʩʧʝʨʩʠʠ 

 

 

                        , 
 



ʉʨʝʜʥʠʡ ʧʨʦʬʠʣʴ 



ʄʝʨʘ ʜʠʩʧʝʨʩʠʠ DM 

 



ʆʜʥʦʛʦʨʙʳʝ 



ɼʚʫʛʦʨʙʳʝ 



ʉʣʦʞʥʳʝ 



ʅʝʡʪʨʦʥʥʳʝ ʟʚʝʟʜʳ 
ȶɆɊɎəɗ 10 ɐɒ 
ȲɆɗɗɆ  1-2 ɗɔɑɓɋɝɓɔɏ 
ȵɑɔɘɓɔɗɘɢ ɕɔɖɥɊɐɆ ɥɊɋɖɓɔɏ 
ȷɎɑɢɓɡɋ ɒɆɉɓɎɘɓɡɋ ɕɔɑɥ 



ʅʝʡʪʨʦʥʥʳʝ ʟʚʝʟʜʳ - 2 

ȷɈɋɖɛɕɑɔɘɓɔɋ ɈɋɟɋɗɘɈɔ Ɏ ɗɈɋɖɛɗɎɑɢɓɡɋ ɒɆɉɓɎɘɓɡɋ ɕɔɑɥ 



ʄʘʩʩʘ-ʨʘʜʠʫʩ 

 



ʈʘʜʠʦʧʫʣʴʩʘʨʳ ï ʚʨʘʱʘʶʱʠʝʩʷ 

ʦʜʠʥʦʯʥʳʝ* ʥʝʡʪʨʦʥʥʳʝ ʟʚʝʟʜʳ 

Åʄʘʩʩʘ  ~ 1.4 M
8

 

Åʈʘʜʠʫʩ ~ (10 15) ʢʤ 

Åʇʝʨʠʦʜ ʚʨʘʱʝʥʠʷ P ~ 1 c 

Åʄʘʛʥʠʪʥʦʝ ʧʦʣʝ B0 ~ 1012 ɻʩ  

Åʈʘʜʠʦʩʚʝʪʠʤʦʩʪʴ Lr ~ 1028 ɻ ʨʛ/ʩ 

Åʂʦʛʝʨʝʥʪʥʦʩʪʴ: T ~ 1028 K (1040 K?) 

_____________________________________ 

* ʥʝʪ ʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʤʧʘʥʴʦʥʦʤ 



ʂʣʶʯʝʚʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʠʜʝʷ 

(ʅ.ʉ.ʂʘʨʜʘʰʸʚ,1964;  Pacini, 1967) 

 

ʄʘʛʥʠʪʦʜʠʧʦʣʴʥʦʝ ʠʟʣʫʯʝʥʠʝ 

 

 

 

 Wtot ~ 1032 ɻ ʨʛ/ʩ    
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ʂʣʶʯʝʚʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʠʜʝʷ 

ʄʦʤʝʥʪ ʠʩʪʠʥʳ ï ʧʫʣʴʩʘʨ ʚ ʂʨʘʙʦʚʠʜʥʦʡ ʪʫʤʘʥʥʦʩʪʠ 

                             P = 0.033 ʩ,  

                       dP/dt = 4 10

 

ʇʦʣʥʳʝ ʧʦʪʝʨʠ  W = I d /dt ~ 5 1038 ɻ ʨʛ/ʩ 

ɺʨʝʤʷ ʞʠʟʥʠ  D = P/(2 dP/dt) ~ 1000 ʣʝʪ 

ʆʧʪʠʯʝʩʢʠʝ ʧʫʣʴʩʘʮʠʠ 



ɺʩʝ ʷʩʥʦ 

Åʉʪʘʙʠʣʴʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ï ʚʨʘʱʝʥʠʝ 

Åʀʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ï ʵʥʝʨʛʠʷ ʚʨʘʱʝʥʠʷ 

Åʄʝʭʘʥʠʟʤ ʧʦʪʝʨʴ ï ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ 

Åʅʝʡʪʨʦʥʥʘʷ ʟʚʝʟʜʘ ï ʨʘʜʠʦʧʫʣʴʩʘʨ,  

   ʝʩʣʠ ʚʙʣʠʟʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ ʨʦʞʜʘʝʪʩʷ 

ʚʪʦʨʠʯʥʘʷ ʵʣʝʢʪʨʦʥʥʦ-ʧʦʟʠʪʨʦʥʥʘʷ ʧʣʘʟʤʘ 

 



ʈʘʜʠʦʧʫʣʴʩʘʨʳ ï ʚʨʘʱʘʶʱʠʝʩʷ 

ʦʜʠʥʦʯʥʳʝ* ʥʝʡʪʨʦʥʥʳʝ ʟʚʝʟʜʳ 

ɼʘʥʦ: 

Åʄʘʩʩʘ  ~ 1.4 M
8
 

Åʈʘʜʠʫʩ ~ (10-15) ʢʤ 

Åʇʝʨʠʦʜ ʚʨʘʱʝʥʠʷ P ~ 1 c 

Åʄʘʛʥʠʪʥʦʝ ʧʦʣʝ B0 ~ 1012 ɻʩ  

ʅʘʡʪʠ: 

Åʈʘʜʠʦʩʚʝʪʠʤʦʩʪʴ Lr ~ 1028 ɻ ʨʛ/ʩ 

Åʂʦʛʝʨʝʥʪʥʦʩʪʴ: T ~ 1028 K 



2. ɺʘʢʫʫʤ 
I. ʄʘʛʥʠʪʦʜʠʧʦʣʴʥʦʝ ʠʟʣʫʯʝʥʠʝ 



ʄʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴ 



ʄʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴ 



ʄʘʛʥʠʪʦʜʠʧʦʣʴʥʦʝ ʠʟʣʫʯʝʥʠʝ 

(ʃʘʥʜʘʫ, ʃʠʬʰʠʮ) 

 

 

 

 

Åʊʦʨʤʦʞʝʥʠʝ ʪʦʢʦʤ 

Åʕʚʦʣʶʮʠʷ ʫʛʣʘ 

Åʉʪʘʙʠʣʠʟʘʮʠʷ ʫʛʣʘ? 

Åɸʥʦʤʘʣʴʥʳʡ ʤʦʤʝʥʪ? 

  



ʄʘʣʳʡ ʧʘʨʘʤʝʪʨ 

r 

B 

c/

r -3 

r -1 



ʕʥʝʨʛʠʷ ʠ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʟʚʝʟʜʳ 

ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʪʦʢʠ 

ɺʝʢʪʦʨ ʇʦʡʥʪʠʥʛʘ 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʪʦʢʠ 



 ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʨʠ  <   

ʄʘʛʥʠʪʦʜʠʧʦʣʴʥʳʝ  
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ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʨʠ  <   

ʄʘʛʥʠʪʦʜʠʧʦʣʴʥʳʝ 
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2. ɺʘʢʫʫʤ 
II. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ 



ɺʨʘʱʝʥʠʝ ʛʝʥʝʨʠʨʫʝʪ  

ʢʚʘʜʨʫʧʦʣʴʥʦʝ  

ʵʣʝʢʪʨʠʯʝʩʢʦʝ  

ʧʦʣʝ   



2. ɺʘʢʫʫʤ 
III. ʂʚʘʥʪʫʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 



ʉʠʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

Åʆʜʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ 

 

Åʀʟʛʠʙʥʦʝ (curvature) ʠʟʣʫʯʝʥʠʝ  

 

ÅB ~ 1012  ɻʩ   ~ Bcr = me
2c3/eh = 4.4 1013  ɻʩ 

 



ʈʦʞʜʝʥʠʝ ʯʘʩʪʠʮ 



ʉʠʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

 

 

 

Å ʄʘʛʥʝʪʘʨʳ 

Å ɼʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʝ ʚʘʢʫʫʤʘ 

 

 

 

 

Å ʈʘʩʧʘʜ ʬʦʪʦʥʦʚ  

 

Å ʇʦʟʠʪʨʦʥʠʡ 



ʉʠʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʄʘʛʥʝʪʘʨʳ ï B ~ 1015 G? 

Åʄʘʛʥʠʪʦʜʠʧʦʣʴʥʘʷ ʦʮʝʥʢʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

Åʇʨʦʪʦʥʥʘʷ ʮʠʢʣʦʪʨʦʥʥʘʷ ʣʠʥʠʷ? 

 



SGR 1806-20  (Ibrahim et al. 2002) 

 ʇʨʦʪʦʥʥʘʷ ʮʠʢʣʦʪʨʦʥʥʘʷ ʣʠʥʠʷ? 

 



3. ʈʦʞʜʝʥʠʝ ʯʘʩʪʠʮ 



Åɺʘʢʫʫʤʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʜʘʣʝʢʦ ʦʪ 

ʨʝʘʣʴʥʦʩʪʠ. 

Åɹʦʣʝʝ ʨʘʟʫʤʥʘʷ ʤʦʜʝʣʴ ï ʵʪʦ ʤʦʜʝʣʴ 

ʤʘʛʥʠʪʦʩʬʝʨʳ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʡ 

ʧʣʘʟʤʦʡ.  



ʂʦʨʦʪʘʮʠʷ, ʩʚʝʪʦʚʦʡ ʮʠʣʠʥʜʨ, ʧʦʣʷʨʥʘʷ ʰʘʧʢʘ 

RL = c/



ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

Åʋʩʣʦʚʠʝ ʵʢʨʘʥʠʨʦʚʢʠ 

  

Åɿʘʢʦʥ ʠʟʦʨʦʪʘʮʠʠ  

 

Åʉʚʝʪʦʚʦʡ ʮʠʣʠʥʜʨ 

 

Åʇʦʣʷʨʥʘʷ ʰʘʧʢʘ 

 

Åɻʦʣʴʜʨʘʡʭʦʚʩʢʘʷ ʧʣʦʪʥʦʩʪʴ 



ɺʥʫʪʨʝʥʥʠʡ ʟʘʟʦʨ 

Ruderman & Sutherland (1975)           Arons et al (1977-1981) 

ʕʡʜʤʘʥ ʠ ʜʨ. (1975)                            Mestel et al  



ɼʚʝ ʤʦʜʝʣʠ 

        RS                                     Arons 



ɺʳʚʦʜ ʚʳʩʦʪʳ ʟʘʟʦʨʘ RS 

        



J. K. Daugherty, A. K.Harding.  

ApJ, 252, 337 (1982) 

ɼʣʠʥʘ ʧʨʦʙʝʛʘ 



Z.Medin & D.Lai.  

MNRAS, 406, 1379 (2010) 



PPdot ï ʜʠʘʛʨʘʤʤʘ  

ʃʠʥʠʷ ʩʤʝʨʪʠ 

ʄʘʛʥʝʪʘʨʳ 



ʆʪʚʝʪʳ ʥʘ ʦʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ 

Åʉʪʘʙʠʣʴʥʦʩʪʴ ʧʫʣʴʩʘʮʠʡ ï ʚʨʘʱʝʥʠʝ 

Åʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ï ʵʥʝʨʛʠʷ ʚʨʘʱʝʥʠʷ 

Åʄʝʭʘʥʠʟʤ ʧʦʪʝʨʴ ï ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 

Åʅʝʡʪʨʦʥʥʘʷ ʟʚʝʟʜʘ ʝʩʪʴ ʨʘʜʠʦʧʫʣʴʩʘʨ, ʝʩʣʠ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʚʪʦʨʠʯʥʘʷ ʵʣʝʢʪʨʦʥʥʦ-ʧʦʟʠʪʨʦʥʥʘʷ 

ʧʣʘʟʤʘ 



ʊʦʢʦʚʳʝ ʧʦʪʝʨʠ 
  

ɺʨʘʱʘʶʱʘʷʩʷ ʥʝʡʪʨʦʥʥʘʷ ʟʚʝʟʜʘ 

ʨʘʙʦʪʘʝʪ ʢʘʢ ʫʥʠʧʦʣʷʨʥʳʡ ʠʥʜʫʢʪʦʨ, 

ʪʝʨʷʷ ʵʥʝʨʛʠʶ ʚʨʘʱʝʥʠʷ ʟʘ ʩʯʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ, ʪʝʢʫʱʠʭ ʚ 

ʤʘʛʥʠʪʦʩʬʝʨʝ  



ʋʥʠʧʦʣʷʨʥʳʡ ʠʥʜʫʢʪʦʨ 
  

ɺʨʘʱʘʶʱʠʡʩʷ ʥʘʤʘʛʥʠʯʝʥʥʳʡ 

ʰʘʨ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʙʘʪʘʨʝʝʡ 

ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ 



ʋʥʠʧʦʣʷʨʥʳʡ ʠʥʜʫʢʪʦʨ 

1. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʥʪʫʨ 

ʢʘʩʘʝʪʩʷ ʰʘʨʘ ʥʘ ʨʘʟʥʳʭ 

ʰʠʨʦʪʘʭ. 

2. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʥʪʫʨ        

ʚʨʘʱʘʝʪʩʷ ʩ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ , ʦʪʣʠʯʥʦʡ ʦʪ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʰʘʨʘ. 

3. ʀʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ (ʕɼʉ) ï 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʚʨʘʱʝʥʠʷ. 

4. ɹʘʪʘʨʝʷ ï ʩʪʦʨʦʥʥʠʝ ʩʠʣʳ. 



ʋʥʠʧʦʣʷʨʥʳʡ ʠʥʜʫʢʪʦʨ (ʪʝʦʨʠʷ) 

Å ʋʩʣʦʚʠʝ ʚʤʦʨʦʞʝʥʥʦʩʪʠ 
          E + V r B/c =0                    (E õ = j 

 

Å ʕɼʉ (ʥʝ ʩʚʷʟʘʥʘ ʩ ʵʬʬʝʢʪʦʤ ʌʘʨʘʜʝʷ)               

E ~ (V/c)B,         U = E L 

 

Å ʅʝʥʫʣʝʚʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ 

c

B

2
GJ

  e ~ E/L     (E ~ Q/L2)             (divE = 4 e ) 

  ʜʣʷ ʚʨʘʱʝʥʠʷ V = r 



ʊʦʨʤʦʞʝʥʠʝ ʩʦʦʩʥʦʛʦ ʨʦʪʘʪʦʨʘ 



ʊʦʨʤʦʞʝʥʠʝ ʨʘʜʠʦʧʫʣʴʩʘʨʦʚ (ʪʝʦʨʠʷ) 

Å ʂʦʨʦʪʘʮʠʷ                    V =  r 

Å ʉʚʝʪʦʚʦʡ ʮʠʣʠʥʜʨ     RL =c / 

Å ʇʦʣʷʨʥʘʷ ʰʘʧʢʘ 

 

 

Å ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ   W = UI 

 U ~ ER0 ~ ( R /c)B0 R0  

 I ~  ec R0
2 ~ B0 R0

2  

 



ʊʦʨʤʦʞʝʥʠʝ ʨʘʜʠʦʧʫʣʴʩʘʨʦʚ 

 

 

ɼʣʷ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʨʘʜʠʦʧʫʣʴʩʘʨʦʚ  

 

Å     ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ B0 ~1012 ɻʩ 

Å     ʨʘʜʠʫʩ ʥʝʡʪʨʦʥʥʦʡ ʟʚʝʟʜʳ R ~ 106 ʩʤ 

 

ʧʦʣʥʦʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ W ~ 1031 ï 1033 ʵʨʛ/c 

ʙʣʠʟʢʦ ʢ ʥʘʙʣʶʜʘʝʤʦʤʫ Jr d dt 

  
 



ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʨʠ  <   

ʄʘʛʥʠʪʦʜʠʧʦʣʴʥʳʝ  

 

 

 

 

ʊʦʢʦʚʳʝ 
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ʇʦʪʫʭʰʠʝ ʨʘʜʠʦʧʫʣʴʩʘʨʳ 

ʨʘʜʠʦʧʫʣʴʩʘʨʳ 
 ʧʨʦʧʝʣʣʝʨʳ 

  

ʧʦʪʫʭʰʠʝ ʨʘʜʠʦʧʫʣʴʩʘʨʳ 



5. ʄʦʜʝʣʴ ñʧʦʣʦʛʦ ʢʦʥʫʩʘò 



ʄʦʜʝʣʴ ʧʦʣʦʛʦ ʢʦʥʫʩʘ 



ʂʦʨʨʝʣʷʮʠʠ, ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʤʦʜʳ 

ɹʦʢʦʚʦʝ ʧʨʦʭʦʞʜʝʥʠʝ  

ï ʦʜʥʦʛʦʨʙʳʝ, ʤʘʣʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʟʠʮʠʦʥʥʦʛʦ ʫʛʣʘ. 

ʎʝʥʪʨʘʣʴʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ  

ï ʜʚʫʛʦʨʙʳʝ, ʠʟʤʝʥʝʥʠʝ ʧʦʟʠʮʠʦʥʥʦʛʦ ʫʛʣʘ ʙʣʠʟʢʦ ʢ 180ʦ. 



ʇʨʝʜʩʢʘʟʘʥʠʷ 

Åɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʩʨʝʜʥʝʛʦ ʧʨʦʬʠʣʷ ʦʪ 

ʧʝʨʠʦʜʘ                           (J.Rankin, 1990) 

ɽʩʣʠ r0 ~ const, 

ʪʦ  

W = (  r0/c)1/2 

 W = W/sin  

 

    W ~ P 1/2 





ñCore-conalò model 

core 

conal 



ʍʦʜ ʧʦʟʠʮʠʦʥʥʦʛʦ ʫʛʣʘ p.a. 



P.Weltevrede, S.Johnston. MNRAS, 391, 1210 (2008)  



T.Hankins, J.Rankin, 2008 



T.Hankins, J.Rankin, 2008 



T.Hankins, J.Rankin, 2008 

PSR B0919+06 

P = 0.4 c 

Pdot = 13 10-15 



T.Hankins, J.Rankin, 2008 



ʅʝʷʚʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ 

Åʉʠʛʥʘʣ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʧʨʷʤʦʡ 

Åʆʪʩʫʪʩʪʚʫʝʪ ʮʠʢʣʦʪʨʦʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ 

Åʇʦʣʷʨʠʟʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʤʝʩʪʝ 

ʠʟʣʫʯʝʥʠʷ  



ʅʝʷʚʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ 

Åʉʠʛʥʘʣ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʧʨʷʤʦʡ 

Åʆʪʩʫʪʩʪʚʫʝʪ ʮʠʢʣʦʪʨʦʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ 

Åʇʦʣʷʨʠʟʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʤʝʩʪʝ 

ʠʟʣʫʯʝʥʠʷ  

 

Åɺʩʝ ʵʪʠ ʧʦʣʦʞʝʥʠʷ ʥʝʧʨʘʚʠʣʴʥʳ 



ʇʨʝʣʦʤʣʝʥʠʝ, ʮʠʢʣʦʪʨʦʥʥʦʝ 

ʧʦʛʣʦʱʝʥʠʝ, ʧʨʝʜʝʣʴʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ 

RL = c/



ʇʨʝʣʦʤʣʝʥʠʝ 
J.Barnard, J.Arons, ApJ, 302, 138 (1986) 

n 

1+

1 
1 *

2 

ɽʩʣʠ  



ʊʨʘʝʢʪʦʨʠʠ 

ʅʫʞʥʦ ʟʥʘʪʴ r0( ) 

 

ʖ.ʃʶʙʘʨʩʢʠʡ, ʉ.ʇʝʪʨʦʚʘ 



Core & Conal 



6. ʄʘʛʥʠʪʦʩʬʝʨʘ 



ɹʝʩʩʠʣʦʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 

Åʇʣʘʟʤʘ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʵʢʨʘʥʠʨʫʝʪ 

ʧʨʦʜʦʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ:  

 

Åʇʣʘʟʤʘ ʚʪʦʨʠʯʥʘ, ʝʝ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ 

ʤʥʦʛʦ ʤʝʥʴʰʝ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  



 ɹʝʩʩʠʣʦʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 
Åʋʜʦʙʥʘʷ ʟʘʧʠʩʴ ʤʘʛʥʠʪʥʦʛʦ 

 

 

 

ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

 

 

 

ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥʦ 

                   ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ         

                  ɻ ʢʨʘʥʠʨʦʚʢʘ  



ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ 

Åʋʨʘʚʥʝʥʠʝ ʄʘʢʩʚʝʣʣʘ  

 

ʚʳʧʦʣʥʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

Åʇʦʪʝʥʮʠʘʣ ʠʤʝʝʪ  

ʩʤʳʩʣ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ 

 

 

Åʊ.ʢ.                       ʚʝʢʪʦʨʳ  

ʩʢʦʨʦʩʪʠ ʣʝʞʘʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

 

 



 ɹʝʩʩʠʣʦʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 

ʀʥʪʝʛʨʘʣʳ ʜʚʠʞʝʥʠʷ 
ʀʟ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ 

ʪ.ʝ.  

 

 

ʀʟ  ʢʦʤʧʦʥʝʥʪʳ ʫʨʘʚʥʝʥʠʷ                  

ʩʣʝʜʫʝʪ, ʯʪʦ 



ɹʝʩʩʠʣʦʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 

ʋʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ï ʧʦʣʦʠʜʘʣʴʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʫʨʘʚʥʝʥʠʷ 

 
 

 



ʆʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʤʘʛʥʠʪʦʩʬʝʨʘ 

Åʇʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ï 70-ʝ ʛʦʜʳ  

(Michel 1973, Scharlemann & Wagoner 1973, 

Okamoto 1974, Blandford, 1976,  

Mestel & Wang 1979)  



Michel, 1973 

ʅʫʣʝʚʦʡ ʧʨʦʜʦʣʴʥʳʡ ʪʦʢ 

ʜʠʧʦʣʴʥʦʝ ʧʦʣʝ 
Åɼʝʢʦʣʣʠʤʘʮʠʷ 

Å ʈʝʰʝʥʠʝ ʩʫʱʝʩʪʚʫʝʪ 

ʣʠʰʴ ʜʦ ʩʚʝʪʦʚʦʛʦ ʮʠʣʠʥʜʨʘ 

(ʩʦʚʧʘʜʘʶʱʝʛʦ ʩʦ ʩʚʝʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ E = B) 

 

 



Michel, 1973 

ʅʫʣʝʚʦʡ ʧʨʦʜʦʣʴʥʳʡ ʪʦʢ 

ʤʦʥʦʧʦʣʴʥʦʝ ʧʦʣʝ 
Åɼʝʢʦʣʣʠʤʘʮʠʷ 

Åʈʝʰʝʥʠʝ ʩʫʱʝʩʪʚʫʝʪ 

ʣʠʰʴ ʜʦ ʩʚʝʪʦʚʦʛʦ ʮʠʣʠʥʜʨʘ 

 

 



Michel, 1973 

ʅʝʥʫʣʝʚʦʡ ʧʨʦʜʦʣʴʥʳʡ ʪʦʢ 

ʤʦʥʦʧʦʣʴʥʦʝ ʧʦʣʝ 
Åʊʦʯʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʪʦʨʦʠʜʘʣʴʥʦʛʦ 

ʠ ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʪʦʢʦʚ 

Åʄʦʥʦʧʦʣʴʥʦʝ ʧʦʣʝ 

ʝʩʪʴ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ, ʝʩʣʠ 

 

 

  ʧʦʣʷ 



Blandford, 1976 

ʅʝʥʫʣʝʚʦʡ ʧʨʦʜʦʣʴʥʳʡ ʪʦʢ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʝ ʧʦʣʝ 

 

 



ʆʙʱʠʝ ʩʚʦʡʩʪʚʘ 

 

Åʇʨʦʜʦʣʴʥʳʡ ʪʦʢ ʝʩʪʴ ʩʚʦʙʦʜʥʳʡ ʧʘʨʘʤʝʪʨ. 

Åʇʨʠ ʤʘʣʳʭ ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʘʭ ʩʚʝʪʦʚʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʥʘ ʢʦʥʝʯʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ. 

 

 



ʅʘʢʣʦʥʥʳʡ ʨʦʪʘʪʦʨ, I = 0  

 

Beskin, Gurevich  & Istomin  (1983)                    



ʆʨʪʦʛʦʥʘʣʴʥʳʡ ʨʦʪʘʪʦʨ, I = 0  

Beskin, Gurevich                    Mestel, Panagi         

& Istomin  (1983)                   & Shibata (1999) 



ʆʨʪʦʛʦʥʘʣʴʥʳʡ ʨʦʪʘʪʦʨ, I = 0 

Åʇʨʠ I = 0 ʪʦʨʦʠʜʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘ 

ʩʚʝʪʦʚʦʤ ʮʠʣʠʥʜʨʝ ʨʘʚʥʦ ʥʫʣʶ. 

Åʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʨʠ I = 0 ʇʆʊɽʈʀ ʕʅɽʈɻʀʀ 

ʈɸɺʅʓ ʅʋʃʖ ʜʘʞʝ ʜʣʷ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ 

ʨʦʪʘʪʦʨʘ.  

Åɺʩʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʩʚʷʟʘʥʳ ʩ ʧʨʦʜʦʣʴʥʳʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʪʦʢʘʤʠ. 



ʆʨʪʦʛʦʥʘʣʴʥʳʡ ʨʦʪʘʪʦʨïʧʦʪʝʨʠ ʵʥʝʨʛʠʠ 

       ɹʝʩʢʠʥ, ɻʫʨʝʚʠʯ & ʀʩʪʦʤʠʥ, ɾʕʊʌ,1983,    

          ɹʝʩʢʠʥ & ʅʦʭʨʠʥʘ, ɸɾ, 2004 
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ʆʨʪʦʛʦʥʘʣʴʥʳʡ ʨʦʪʘʪʦʨïʧʦʪʝʨʠ ʵʥʝʨʛʠʠ 

       ɹʝʩʢʠʥ, ɻʫʨʝʚʠʯ & ʀʩʪʦʤʠʥ, ɾʕʊʌ,1983,    

          ɹʝʩʢʠʥ & ʅʦʭʨʠʥʘ, ɸɾ, 2004 
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ʆʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʤʘʛʥʠʪʦʩʬʝʨʘ 

Åɺʟʨʳʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʨʘʙʦʪ 

(Contopoulos, Kazanas & Fendt, ɻʨʫʟʠʥʦʚ, 

ʋʟʜʝʥʩʢʠʡ, Mestel et al, Ogura & Kojima,  

Harding & Muslimov, ʉʧʠʪʢʦʚʩʢʠʡ, ʊʠʤʦʭʠʥ, 

ʂʦʤʠʩʩʘʨʦʚ, McKinney, Arons et al, ɻʫʨʝʚʠʯ, 

ʀʩʪʦʤʠʥ, ɹʝʩʢʠʥ & ʅʦʭʨʠʥʘ)  

Åɺo ʚʩʝʭ ʨʘʙʦʪʘʭ ʥʝʷʚʥʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʧʨʦʜʦʣʴʥʳʡ ʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʳʤ. 



ʆʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʤʘʛʥʠʪʦʩʬʝʨʘ 

Åɺʟʨʳʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʨʘʙʦʪ 

(Contopoulos, Kazanas & Fendt, ɻʨʫʟʠʥʦʚ, 

ʋʟʜʝʥʩʢʠʡ, Mestel et al, Ogura & Kojima,  

Harding & Muslimov, ʉʧʠʪʢʦʚʩʢʠʡ, ʊʠʤʦʭʠʥ, 

ʂʦʤʠʩʩʘʨʦʚ, McKinney, Arons et al, ɻʫʨʝʚʠʯ, 

ʀʩʪʦʤʠʥ, ɹʝʩʢʠʥ & ʅʦʭʨʠʥʘ)  

Åɺo ʚʩʝʭ ʨʘʙʦʪʘʭ ʥʝʷʚʥʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʧʨʦʜʦʣʴʥʳʡ ʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʳʤ. 



Contopoulos, Kazanas & Fendt, ApJ, 1999 
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ʆʨʪʦʛʦʥʘʣʴʥʳʡ ʨʦʪʘʪʦʨ ï ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʧʦʪʝʨʠ 

 A.Spitkovsky, ApJ Lett., 648, L51 

(2006) 
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ʅʝʪ ʧʨʦʪʠʚʦʨʝʯʠʷ! 

ɺ ʨʝʰʝʥʠʠ ʉʧʠʪʢʦʚʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ ʙʦʣʴʰʝ, ʯʝʤ GJ (iA >> 1). 



220. 240. 260. 280. 300. 320. 340. 360.
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ʈʝʰʝʥʠʝ ʉʧʠʪʢʦʚʩʢʦʛʦ,  = 60o 



 



ʈʝʰʝʥʠʷ Michel ʠ BZ 

 


