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[ToTepu aHepruu
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KntoyeBasa anekTpomMarHmtHaga naes

(N.S.Kardashev,1964; F.Pacini, 1967)
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MoMEeHT NCTUHBDLI

[Tynbcap B KpaboBnaHOM TyMaHHOCTH
P=0.033 s,

dP/dt=4 107"

Motepu sHeprum W, = —1 Qd/dt ~ 5 10°® erg/s

Bpems xunsnn T = P/(2dP/df) ~ 1000 years
OnTnyeckne nanyyeHme
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MoMEeHT NCTUHBDLI

[Tynbcap B KpaboBnaHOM TyMaHHOCTH
P=0.034s,

dP/dt=4 107"

Motepu sHeprum W, = —1 Qd/dt ~ 5 10°® erg/s

Bpems xunsnn T = P/(2dP/df) ~ 1000 years
OnTnyeckne nanyyeHme
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T.Hankins & J.Rankin (2008)
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beccunnoBoe npubnmxeHune

Mo>xHO npeHebpeyb aHeprnen YacTull

1
Zix B+ pE =0
C

Mestel equation (1973)

VxB=yB £ = {B,(l - 92;2), B,, 32(1 - szrz)}

Pulsar equation_

) b= —1 — (V) Qp—

C w Jw 2 d\I!

B (1 B Q%wQ) R 2 00 1672 dI w2 dQp _

(Michel 1973, Mestel 1993, Scharlemann & Wagoner 1973,
Okamoto 1974, Mestel & Wang 1979)




[lepBble pelleHuns

F. Michel (1973)  F. Michel (1973) F. Michel (1973) R.Blandford (1976)



OpToroHanbHbIX Cry4Yan

¥ = 90°
VB, A.V.Gurevich, Ya.N.Istomin,
Sov. Phys. JETP, 58, 235 (1983)
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OpToroHanbHbIN cry4van
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VB, A.V.Gurevich, Ya.N.Istomin (1983)



3amedaHue 1 (gons paguonsriyvyeHus)
Q — 2 P11/10P115—4/10 (RS)
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TOKOBbIE MOTEPU

For current loss mechanism is necessary to have

* Plasma in the magnetosphere,

* regular poloidal magnetic field,

 rotation (inductive electric field E,
EMF dU ),

Poynting vector

* longitudinal current /
(toroidal magnetic field B).

IWtOt — I6U

\
®
Ampere force Fp

Braking Neutron
torque K star



TOKOBbIE MOTEPU

Poynting vector \ ﬂ
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TOKOBbIE MOTEPU
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OpTOroHanbHbIN poTaTop

VB, A.V.Gurevich, Ya.N.Istomin JETP 58, 235 (1983)
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Michel, 1973
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Inclined rotator

A.Spitkovsky, Apd Lett., 648, L51 (20006)
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Pewenne Crnutkosckoro, X = 60°

MarHnTo-aunornbHbIX NnoTeEpPb HET i

Bx

Y In vacuum B, = %

VB, YA.N.Istomin, A.A.Philippov, Phys. Uspekhi, 56, 164 (2013)



Oppositely fiowing
currents can occupy
the same open flux
tube. Does this have
any obervational
implications?

There is always a

— null-current field line

in the open zone.



HaKMoHHbIN poTaTOp - YNCIEHHO

1.0

a = 90°

Figure 12. Colour-coded surface distribution of B in the split-monopole solution (Bogovalov 1999). The current sheet, in which the radial magnetic field
vanishes, describes the orientation of the current sheet in the numerical force-free solutions shown in Fig. 6.

Numerical force-free solution at r = 6Ry ¢:
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A.Tchekhovskoy, A.Philippov, A.Spitkovsky, MNRAS, 457, 3384 (2016)
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|.Contopoulos e;al o Wit (0) = sin® 933(9)



OBOJIIOLMS — TOKOBbIE NOTEPU?

IrQ = Kjcosx + KLsiny,

IQYx = Kicosx— Kjsiny,
By R
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ke = o B (mz)h
C C
QR

VB, A.V.Gurevich, Ya.N.Istomin,
JETP 58, 235 (1983)



OBOJIIOLMS — TOKOBbIE NOTEPU?

IrQ = Kjcosx + KLsiny,
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e = iy CO8Y,;
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Princeton (MHD)



OBOJIIOLMS — TOKOBbIE NOTEPU?
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[1pOOONbHBLIN TOK

NpendoBoe npnbnmxeHne j=cpe {E‘;B] +aB
i=pe[Qxr]+i B j:(B-VXB—E-VXE)B+(V-E)EXB
B2
(Vi B) =0
Mestel, BGI Gruzinov



He Tonbko!

OHepreTnyeckme noTepu
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He TonbkKo!
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He TonbkKo!
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MarHutocdepHbie noTepu

: A A Ay .
MomenT oun & = Ki + KT = Kj]sinx,
LOy = [Ki - K‘fl] sin 'y cos x.
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Tak Bce-Taku BonHa?
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[1a, HO He MarHUTo-AMnoribHas!



Industrial revolution (2006 — 2012)

Main results

* There is universal inclined solution (with definite charge and
current density!)

* No disagreement with the current losses model

* No Michel-Bogovalov homogeneous wind

* Alignment for universal solution

* Back to Ruderman-Sutherland model (but time-dependent!)

Problems
* Sparking if there is not enough plasma




HeT YyncToro akcnepmmMmeHTa
(braking index)
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HeT YyncToro akcnepmmMmeHTa
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HeT YyncToro akcnepmmMmeHTa
(braking index)
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Jocelyn Bell, Antony Hewish, 1967
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A BO3 1 HblIHE TaM...

* (MexaHnam pagmounsnyvyeHus)
* Yrnbl HAKNOHa

Tonbko ocTpble?

Tonbko Tynble?

N Te, nte?
* YCKOpeHue B BETPE
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Cnacunbo!
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