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PROBLEMS OF GRAVITATIONAL STABILITY IN THE
PRESENCE OF A MAGNETIC FIELD

S. CHANDRASEKHAR AND E. FERMI

Astrophys. J. 118, 116 (1953)

I. THE VIRIAL THEOREM AND THE CONDITION FOR DYNAMICAL STABILITY

2. The virial theorem.—In a subject such as this it is perhaps best that we start by
establishing theorems of the widest possible generality. The extension of the virial
theorem to include the forces derived from the prevailing magnetic field provides such a
starting point. We shall see that under conditions of equilibrium this extension of the
virial theg e relation

2T+ 3y — DU+ M+2 =0

between the kinetic energy (7') of mass motion, the heat energy (1) of\molecular motion,
the magnetic energy (M) of the prevailing field, and the gravitationgl potential ener

(Q), where v denotes the ratio of the specific heats. That a relation gffhe form (1) should
t is readily understood: For the balance between the pressu iny Pgas; ANd Prpe due
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Grw+70°8247: Kuiper (1934); Kemp et al. (1970)
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Fig. 1 The Zeeman effect on H, in the linear and quadratic regimes for felds of 1.5 —
42 MG), The quadratic effect becomes gradually more important in the higher mcmbm- of

the Balmer series and as the field strength increases

(Schmidt et _all [2003)

Crnektp kataknu3muueckoil nepemennod AR UMas
CPaBHEHHHU C JJIMHAMU BOJIH JIAMMAHOBCKUX JIMHUW B
MarHuTHOM MoJie. [lyHKTUpHbIe TUHUY —
3aIPEIIEHHBIE B OTCYTCTBUE JIEKTPUYECKOTO OIS

(Hoard et al. 2004)
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Berdyugina et alPhys. Rev. Lett. 99, 091101 (2007)
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O630p: Ferrario et al.Space ci. Rev. 191, 115 (2015)
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O630p: Beskin et al. Space Sci. Rev. 191, 213 (2015)
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O630p: Beskin et al. Space ci. Rev. 191, 213 (2015)

Fig. 1 Vacuum dipole model of a pulsar,
showing the region of closed magnetic field
lines and the light cylinder. The angle be-
tween the rotation and magnetic poles is y,
often called the “inclination angle™; and the
minimum angle between the line of sight
and the magnetic axis is £, sometimes called
the "impact angle™. Sometimes y is denoted

by o, and { by B. See[Lyne & Manchester

(1988).

Fig. 2 Intersection of the cone of the last open field
lines with the surface of the neutron star, showing the
polar cap. The vector m is the axis of the magnetic
dipole field. and Obs points toward the observer.
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Tchekhovskoy et al. (2013)
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Ilo1HAag UHTEHCUBHOCTDH
Y MOJIIPU30BAHHAS OIS

['mcrorpamma yria TMHEMHON
MOJISIPU3AIMK B 3aBUCHUMOCTH OT
¢a3bl BpanieHnus. Kpusbie —
TEOP.MOJIETb IS IBYX
HOPMaJTBHBIX MOJ. ToukH
pa3Horo 1BeTa — HabIro1aeMas
noJsipu3arus (KpacHbIe —
HauOOJbIIAs 105
HAOJTFOICHHH ).
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Ha cepe [Tankape mist 3
(a3, ykazaHHBIX KpaCHBIMU
KBaJIpaTaMy B BEPXHEM OKHE
(3xBaTOp — IMHEHHAS
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Figure 3. ¥XMM-Newion X-ray EPIC MOS1/2 spectra of PSR JO437-4715
fitted with a two-temperature H atmosphere model plus a power law and a
cool blackbody (solid line). The middle six panels show the fit residuals for
the vanous models listed in Table 1. The bottom panel shows the best-fit two-
temperature H atmosphere model plus a power law and a cool blackbody. The
dashed and dotted lines show the individual absorbed and unabsorbed model
components, respectively, while the solid line shows the total spectrum. See the
text and Table | for best-fit parameters and acronym definitions.

Bogdanov (2013): R > 1158«
npu M=1,76 M,
(x&ctkoe YPC)
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Figure 5. Top panel: the XMM-Newton EPIC pn pulse profile in the 0.5—1.8 keV
range with the best-fit model (solid line). The individual contributions from
cach polar cap are shown with the dashed lines. The dotted line shows the
background level. Bottom four panels: XMM-Newton EPIC pn pulse profiles of
PSR JO437—4715 in the 0.5-0.65. 0.65-0.85, 0.85—-1.2, and 1.2—1.8 keV bands
{(from top to bottom, respectively) fitted with a model of a rotating neutren
star with two-temperature H atmosphere polar caps. See the text for best-fit
parameters.
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log [period derivative (s s7')]
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O030p: bucuosatsnii-Koran, Ycn. ¢us. nayk, 176, 59 (2006)
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O030p: Mereghetti et al.Space Sci. Rev. 191, 321 (2015)

SGR + AXP
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O030p: Mereghetti et al.Space Sci. Rev. 191, 321 (2015)
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Fig. 1 Examples of X-ray pulse profiles of magnetars (for clarity, two neutron star rotations are shown in
each plot). Top left panel: the pulsed fraction of the persistent magnetar 1E 1048.1—5937 anticorrelates
with the luminosity (Mereghetti et al. 2004): when the flux was about twice that of the normal level. the
pulsed fraction was smaller (53% wrt 89%). both curves refer to the 0.6-10 keV range and were obtained
with the EPIC instrument on XMM-Newton. Top right panel: pulse profile variations in two energy ranges
of the transient magnetar CXOU J1647—4552 (Muno et al.|2007) in quiescence (upper panels) and during
the outburst (lower panels). Bottom left panel: evolution of the pulse profiles of 1E 1547.0—5408 during the
decaying phase of the January 2009 outburst (Bernardini et al.|2011). Bottom right panel: pulse profiles of
the transient magnetar SGR 05014-4516 at different luminosity levels (Camero et al.|2014).
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O030p: Mereghetti et al.Space Sci. Rev. 191, 321 (2015)

Bo3MoKHO, MpOoTOHHAs HUKIOTpoHHas JnHus B ciektpe SGR 0418+5729 (Tiengo et al. 2013)
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