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COURSE ANNOUNCEMENT

Astronomy 511: High Energy Astrophysics

S. L. Shapiro and F. Pacini. Two credit hours. (Spring semester).

This course will consist of two series of lectures on
topics of current special interest in astrophysics. One
series will examine systematically the physics of compact
objects, i.e., white dwarfs, neutron stars, and black holes.
Topics to be discussed include the formation of compact objects,
equilibrium configurations, equations of state, mass limits,
stability criteria, and the influence of rotation and magnetic
fields. Physical processes occurring in the vicinity of
compact objects will be examined, including high temperature
radiation processes, pulsar emission mechanisms, mass flow in
binary systems and models of spherical and disk accretion. The
observations and interpretations of the compact X-ray sources
(e.g., Cyg X-1 and Her X-1) and gamma-ray bursts will be
discussed. (8. L. Shapiro)

The other series of lectures will examine physical con-
ditions in extragalactic radiosources. New observational and
theoretical material dealing with both extended (e.g., Cen A)
and compact (e.g.,3C120) radiosources will be reviewed.
Topics will include the energy and confinement problems,
adiabatic losses, variability of compact components, and a
critique of proposed models. Additional material on pulsars,
supernovae remnants and cosmic rays will be presented. (F. ‘Paciniy

Organization meeting will take place on Monday, January 27, 1975,
Space Sciences Building Room 105 at 2:00 p.m. For further details
contact S. Shapiro in Room 426 Space Sciences Building (6-4936).
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Astronomy 511:

High Energy Astrophysics

Instructors:

Hours:

Prerequisites:

Stuart L. Shapiro and Franco Pacini
2 hours/week (to be arranged at organizational meeting)

Strong background in Physics and Mathematics

Course Outline (Tentative)

A. Physics of Compact Objects (S. Shapiro)

205 Star Deaths and the Formation of Compact Objects

(i.e. white dwarfs, neutron stars, and black holes).

GG White Dwarfs

(a) classical equilibrium configurations and polytropes ‘

(b) equation of state for 107g em™2 < p < 4x1012g cm 7,

(1)
(2)
(3)
(%)

electron degeneracy
electrostatic interactions
inverse p-decay

neutron drip

) mass limits

) rotating and magnetic white dwarfs

(e

(d) cooling of white dwarfs
(e

(

f) comparison of theory with observations

III. Neutron Stars

(a) relativistic equilibrium equations and analytic solutions

(b) equation of state for p > Mxlolgg cm”

(1)
(2)

5

3

Harrison-Wheeler equation of state

ideal degenerate neutron gas (Oppenheimer-Volkov

(1938) analysis)

(3) problems at high density (p > 1014g cm_B)



(4) relativistic restrictions on the equation of state = -
(c) wupper and lower mass limits
(d) stability criteria
(e) pulsars
IV. Black Holes
(a) gravitational collapse
(b) Dbasic properties of the Kerr metric

(1) horizons and surfaces of infinite redshift

(2) radial trajectories and circular orbits -- the b

innermost stable orbit

(3) photon capture ) 4

V. Accretion onto Compact Objects

(a) free particle accretion 3
(b) fluid accretion “
(1) spherical accretion onto Kerr black holes: 3
dynamical flow and radiation spectrum ; 2

(a) accretion in HI and HII regions !
(b) magnetic effects
(c) radiation mechanisms at high temperatures

(2) spherical accretion onto neutron stars

(a) collisional and collisionless-shock models

(b) the Eddington limit ..

(c) radiative transfer of X-ray photons

2
(3) disk accretion onto black holes s
(a) the standard disk model
.
(b) the flux-radius relation ﬂ i

(c) polarization of emitted photons




Useful References: (all on reserve in Clark Library)

*1.

(d) thermal and dynamical instabilities

(c) binary X-ray sources and the Uhuru observations

(1) Her X-1 -- a rotating magnetic neutron star

(2) Cyg X-1 -- a black hole
(d) cosmic gamma-ray bursts: theories and observations
(e) supermassive black holes

(1) the timescale-luminosity diagram for rapidly

varying nonthermal sources (e.g. quasars)

(2) star clusters around massive black holes

Relativistic Astrophysics, Zel'dovich, Y.B. and Novikov, I.D.
U. of Chicago).

Gravitation Theory and Gravitational Collapse, Harrison, B.,
Thorne, K.S., Wakano, M., and wheeler, J.A. (U. of Chicago).

Black Holes, Les Houches 1972, Ed. DeWitt and DeWitt (Gordon
and Breach).

Gravitation and Cosmology, Weinberg, S. (Wiley).

Stellar Evolution, Chiu and Muriel, Ed. (MIT).

Principles of Stellar Evolution and Nuclear Synthesis,
Clayton, D. (McGraw-HI11).

i |
*Most comprehensive book for this course.

Also see recent review articles in Annual Review of Astronomy

(2)
()

()

and Astrophysics, e.g.

Ostriker, J.P., "Recent Developments in the Theory of
Degenerate Dwarfs," 9, 353 (1971).

Canuto, V., "Equation of State at Ultrahigh Densities," ‘
Part I., 12, 167 (1974).

Blumenthal, G.R. and Tucker, W.H. "Compact X-Ray Sources,"
1B, 25 () 1



II.
III.
Iv.

=

Extragalactic Radio Sources (F. Pacini)

Basic Physical Conditions

(a)
(v)
(c)
(a)
(e)
(1)

extended sources (e.g., Cen A)
compact sources (e.g., 3 c 120)
energy and confinement problems
adiabatic losses

variability of compact components

comparison of theory with observations

Supernovae Remnants

Cosmic Rays

Pulsars
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Floyd R. Newman
Laboratory of Nuclear Studies

Cornell University

Newman Lab. Cornell Univ.
Ithaca, New York 14853
607-256- 4397

August 14, 1981

Professor Stuart Shapiro
Center for Radiophysics and Space Research
Space Sciences Building
Campus
Dear Stuart:

I shall be glad to read your Chapters 8, 9, and 18 and,
at my leisure, give you comments on these.

Yours sincerely,

He .

Hans A. Bethe
HAB:vhr
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378 Compact X-Ray Sources
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Figure 133 (a) Schematic dipole magnetosphere around a neutron star that is accreting material.
Infalling gas is excluded from the toroidal region whose cross section is shaded. (b) Enlargement of
the base of an accretion funncl, near a magnetic pole of the neutron star. [After Davidson and Ostriker
(1973). Reprinted courtesy of the authors and The Astrophysical Journal, published by the University
of Chicago Press; © 1973 The American Astronomical Society.]

neutron star by the accreting matter, as we will discuss in Section 15.2. In fact, the
data provide further evidence in support of neutron stars in binary X-ray pulsars
as opposed to white dwarfs.

(b) Orbits and Masses

Measurements of the pulse arrival times from X-ray pulsars have been employed
very successfully to determine the orbits of several of the systems. In fact, there
are six sources for which sufficient data—X-ray and optical—exist to estimate
the masses of the compact star: Her X-1, Cen X-3, SMC X-1, LMC X-4, 4U
0900 — 40, and 4U 1538 — 52. The method was discussed in Section 9.4 and the
results summarized in Figure 9.6.



