because the energy and momentum
of electrons can be conserved in opti-
cal interactions, thus permitting
amplification to occur, and its
bandgap energy can be adjusted to
correspond to the region of photon
energies for which the loss of optical
fibers is a minimum.
ToM PEARSALL
(pearsallt@corning.com)
Fontainebleau Research Center
Avon, France

HOMAS REPLIES: Tom Pearsall is
right about our SOA error, and
we’re grateful to him. Based on the
responses I've received, many teach-
ers and lecturers have also read the
article with “great interest,” and
have been passing on the (now cor-
rected) optical communications infor-
mation to their students.
GORDON A. THOMAS
(gordon.a.thomas@nyjit.edu)
New Jersey Institute of Technology
Newark

Insect Flight
Simulation Resembles

Navier-Stokes

We read with interest the article
on the most recent accomplish-
ments in insect hovering research
(PHYSICS TODAY, December 2000,
page 22). We would like to draw
attention to work published a
decade earlier,? which seems to
have been missed by the author,
that expressly resorted to the same
two-dimensional simplifications to
investigate and explain the essence
of insect flight.

Over a decade ago, the complexi-
ties of insect flight so apparent in
the seminal paper by Christopher
Somps and Marvin Luttges? inspired
us to design an experimental appa-
ratus. It allowed us to study 2D vor-
tex shedding and thrust generation
by an airfoil undergoing translation
and pitching that resembled insect
wing motions during hovering
flight.! Almost concurrently with the
experimental work, we realized that
the hovering jet generated by the
physical model was amenable to
computational Navier—Stokes simu-
lations.? The numerical simulations
gave good agreement with measured
results.
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Black Hole
Candidates Weigh In

he article “Chandra X-ray Obser-

vatory Examines a New Kind
of Black Hole” (PHYSICS TODAY,
November 2000, page 19) introduces
the topic of mass determination
for astrophysical black hole candi-
dates (BHC).

Several existing methods for
“weighing” a BHC are detailed in cur-
rent astrophysics literature. If the
BHC is in a binary system, it is some-
times possible to estimate its “mass
function,” a lower limit on its mass,
through optical photometry and spec-
troscopy. A more difficult challenge
arises when the object is not part of a
binary system and gravitational
effects cannot be exploited. Andrew
Ptak and Richard Griffiths! made
x-ray flux estimates for a prominent
pointlike source in the galaxy M82,
arguing that the flux comes from a
discrete, compact object.

Assuming the source in M82 is
radiating at a substantial fraction of
the Eddington limit, Ptak and Grif-
fiths estimated a lower mass limit of
about 500 solar masses. But this
approach provided only a crude esti-
mate, and uncertainties could span
three orders of magnitude.

More precise estimates of BHC
masses are presented by Edward
Colbert and Richard Mushotsky,?
who studied spectra from nearby
galaxies with a Comptonization
model.?# In this model, the low-
energy blackbody x-ray photons are
assumed to come directly from the
thin accretion disk, whereas the
hard photons that form the power-
law tail of the spectrum come from
upscattering by the energetic elec-
trons rushing toward the black hole.
This is analogous to shock accelera-
tion of particles. To determine mass,
the idea is to extract the blackbody
component from the emergent spec-
trum whose shape is modified by
Compton scattering off hot electrons.?
The intensity of the blackbody radia-
tion depends on the emission area of

the accretion disk. Depending on the
color temperature, typically kT =
0.2 — 1.2 keV, the effective radius of
this area can be 5 to 15 Schwarz-
schild radii.

The next problem is to determine
a ratio of color to effective tempera-
ture, the so-called color factor. This
characterizes the deviation between
the emergent spectrum and a pure
blackbody. For the pure blackbody
case, the luminosity per unit area is
a product of the fourth power of the
temperature and the Stefan—Boltz-
mann constant. Equating the
observed, integrated luminosity to
this expression yields a different
temperature from that inferred from
the blackbody spectral fit. This phe-
nomenon is well known in solar and
stellar astrophysics. For example,
the Sun has an effective tempera-
ture of 5500 K, but its spectrum is
not described by a 5500-K blackbody.
Physically, this difference results
from scattering effects in the solar
atmosphere, through which we view
the substrata to about an optical
depth of one.

For BHCs in our Galaxy, the
appropriate color factor can be deter-
mined theoretically by invoking
assumptions about the accretion
disk, or empirically by using a
source with a known black hole
mass and distance. One must then
assume that the color factor inferred
is approximately invariant. Our
group calibrated the color factor
using a source, GRO J1655 — 40,
with known mass, distance, and
orbital inclination.* The color factor
thus obtained was approximately
2.6. The inferred spectral parame-
ters then allow a distance-to-mass
determination. For sources in our
Galaxy, distances are often crudely
determined, but in external galaxies
they are generally more precise.

Thus, finally we may determine
the only remaining unknown—the
black hole mass. This method was
applied to a number of galactic
sources.>* Comparison of our results
with those obtained by other meth-
ods suggests an accuracy of better
than 30%.

One of us (Titarchuk) applied this
technique to nearby Galaxy spectra
obtained by Colbert and Mushotsky?
and found BHC masses of about 120,
600, and 10* in spiral galaxies M33,
NGC 1313, and NGC 5408, respec-
tively. These results provide com-
pelling evidence that “middleweight”
black holes may exist near the cen-
ters of three spiral galaxies.

http://www.physicstoday.org
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‘Available Online’
Not Good News
to All

t is interesting—coincidental?—that
the January 2001 issue of PHYSICS
TODAY, with its pasted-on cover sheet

proclaiming “Everything in your
hands is available online,” also con-
tains a letter from Cynthia Cudaback
(page 70) saying, “Reading a paper on
the computer screen is uncomfortable,
hard on the eyes, and does not allow
marginal notes.” Amen!
I don’t want everything online.
I like to hold PHYSICS TODAY (and all
other books and publications) in my
hands, sit down in a comfortable
chair, and read. I want to be able to
change position and not be anchored
stiffly in place by a computer screen.
I want to flip the pages back and forth
at will and not have to wait for a page
to reload. I want to be able to leave
the magazine for a while and pick it
up again later without having to take
the time (sometimes a lot of time) to
go online again and find the Web site.
Electronic storage of journals and
the like is wonderful for research of
previously published papers and arti-
cles, and it certainly saves storage
space, but for the first time around,
give me the bound printed copy on
paper, please.
WOODLIEF THOMAS JR
(ThomTrav@aol.com)
Spencerport, New York

Correction

May 2001, page 39—Jagadeesh
Moodera is a research scientist at
the Massachusetts Institute of
Technology’s Francis Bitter Magnet
Laboratory in Cambridge,
Massachusetts. |
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