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Hubble Diogrom for Type 10 Supernovae
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Centaurus A Radio Galaxy (VLT KUEYEN + FORS2)
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nterferometer on the plains of St. Augustin in Ney

95 Top: The VLA radio i . S :
\exico. Bottom: A picture of the radio emission from the radio galaxy Cygnys
nade with the VLA by R. A. Perley, J.W. Dreyer, and J.J. Cowan. The jet that feeds
the right-hand radio lobe is quite clear; the jet feeding the left lobe is much
fainter. Notice the enormous improvement in resolution of this radio-wave pic
ture compared with Reber’s 1944 contour map which did not show the double
lobes at all (Figure 9.1d), and with Jennison and Das Gupta’s 1953 radio ma
which barely revealed the existence of the lobes (two rectangles in Figure 9.3
and with Ryle’s 1969 contour map (Figure 9.3d). [Both pictures courtesy NRAO/AUL
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Quasar 3C175
YLA &cm image (¢) NRAO 1996
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9.4 Cosmic radio waves are produced by near-light-s -

around and around in magnetic fields. The magnetic fl'i)e]ed electy e
g on a straight line, and the eleit(ll-oforcﬁg

NS Spiraljn,

spiral instead of movin,

produces the radio waves.
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i th “ind from the disk blows a bubble
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accretion disk could power twin
€ byt in a surrounding, spinning gas
of le s hot gas punches orifices through the cloud, aloll)lg tiltls spin axis;
3 - N 1. dicle ic nuffed up by the pressure







GRO J1655-40
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Stellar mass black holes in the Supermassive black holes in nearby
Milky Way quasars
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FoIIow—-up photometry of ULAS J1 120+0641
F,i=(0.1+0.4) x 1077 WmZum™; iyg 2 25

F,,=(0.6%02)x10-"7Wm2um; z
F _(81+04)x10‘17Wm‘2;.lm‘1 5
FJ (6.0 £0.4) x 1077 W m=2 um-"; J

Wavelength, 4 (um)

One of the most distant known quasars. Its light
was emitted when the universe was 800 million
years old (compared to 14 billion today), and
expansion of the universe has stretched the
wavelengths by a factor of 8.

z,p=24

=20.3
=2§.2




WFPC2 i " . ACS = HRC .

Quasar 3C 273
Hubble Space Telescope = ACS HRC Coronagraph

NASA, A. Martel (JHU), the ACS Science Team, J. Bahcall (IAS) and ESA = STScl-PRC03-03




ST Scl OPO - January 1995 - J. Bahcall (Princeton), NASA







Gas Disk in Nucleus of
Active Galaxy M87




Spectrum of Gas Disk in Active Galaxy M87
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Hubble Space Telescope ¢« Faint Object Spectrograph




