Light-Speed Jet

The images at right
of gas being blaste

light. In the centers of some galaxiesdigasars ob-
jects the size of the Solar System which emit as muc
energy as an entire galaxy of stars. Most astronome

believe that at the h

a billion or so times as massive as our Sun. When a

tronomers examine

(such as the VLA described on the other side) they loo
like the radio galaxygnus Ashown in the lower pic-

ture: on either side

there are jets of gas shooting out into space, plowing u
the surrounding gas and blowing bubbles thousands ¢ ;

light-years across.

Since we cannot study black holes in any Earthly labo

ratory, Drs. Philip H
gan and Comer Du
versity programmed

technique is the same as that used by aerospace en
neers to study the flow of air over supersonic planesg&E"
Cosmic jets are particularly challenging because they
flow at nearly the speed of light, so the computer mus
be “taught” Einstein’s Special Theory of Relativity in §
order to get a correct answer.

In the lower simulation, gas enters from the left “slowly”
(only 98% of light speed!) and as a consequence the j

and surrounding
material tend to mix
(note the wavy
boundary between
them.) The upper
simulation is for a
jet travelling at
99.5% the speed of
light: it rams
through the sur-
rounding gas with
no mixing. This up-
per picture seems a
better match to the
straight, narrow
jets of the real Cyg-
nus A at right, so
we are led to be-
lieve that its jets are
travelling at the

higher speed.
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shogomputer simulationsf a jet
d into space at nearly the speed

eart of each quasar lies a black ho

some quasars using radio telesco

of the (invisible) central black hol

ughes of the University of Michi-
ncan of Bowling Green State Uni-
a computer to mimic these jets. Th

Straight, narrow jet in Cygnus A




Why are jets such a common feature of our Universe? At right is a carto
view of the guts of a quasar. Lurking in the very center is a black hole ab
the size of our Solar System. As the surrounding stars and gas are pulle
by the tremendous gravity of the black hole, they start to swirl, just as ba
water does as it approaches the drain. This spinning disk (drawn as orange
debris flattens out and becomes tremendously hot from friction, glowing with th
visible light we identify as a quasar. Not all of the collapsing material is swal
lowed by the black hole - some of it is expelled at nearly the speed of light, f
reasons that are not well understood. The only place for this material to escape wi
out being blocked by the disk is up or down, so two jets (drawn in blue here) are form
in these opposite directions.
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Even though
guasars are
bigger than
our Solar
System,
they are
billions
of light-
years
away, So
we have
never
been able to
view the details
of the disk or black hole directly. In visible light,
guasars look like tiny dots of light. There are
however, colors of light that the human eye ca
not see, such as radio waves, which reveal str
tures that visible light cannot. The jets of Cygnus
were revealed using the Very Large Array, a set of
radio telescopes, each 25 meters (82 feet) in diameter,
spread across a 20 mile stretch of desert near Socorro,
New Mexico. In this summer’s movie “Contact,” Jodie Foste
character discovers signs of alien life using the VLA. In real
the VLA has not yet discovered signs of extraterrestrials, but
amining light-speed jets shooting out of massive black hole
nearly as interesting!
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This Image of the Month is produced by José F. Salgado, [G: N
Bernstein, Philip Hughes, Chris Smith, Beth Brown, and|R »
chard Teske of the University of Michigan, and is funded py DELPIINUS ]
grant from NSF. If you are Michigan science teacher and

like a free subscription, send e-mail or write us at: Dega
ment of Astronomy, 830 Dennison Bldg., Ann Arbor, Ml
481009.
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