Lecture 11.

1. Radio telescopes

Radio telescopes are used to study naturi
occurring radio emission from stars, galaxie
guasars, and other astronomical objects betw
wavelengths of about 10 meters (30 megahe
[MHZz]) and 1 millimeter (300 gigahertz [GHz]). A
wavelengths longer than about 20 centimeters (
GHz), irregularities in the ionosphere distort t
incoming signals. This causes a phenomenon
known as scintillation, which is analogous to thénkling of stars seen at optical
wavelengths. The absorption of cosmic radio wawedhle ionosphere becomes more
important as wavelength increases. At wavelengbimgdr than about 10 meters, the
ionosphere becomes opaque to incoming signals.oRalservations of the cosmic
sources at these wavelengths are difficult fromugdsbased radio telescopes. Below
wavelengths of a few centimeters, absorption in atmosphere becomes increasingly
critical. At wavelengths shorter than

centimeter (30 GHz), observations from t
ground are possible only in a few specif
wavelength bands that are relatively free g
atmospheric absorption. However, between
and 20 cm, the atmosphere and ionosphg
introduce only minor distortions in the incoming
signal. Sophisticated signal processing can
used to correct for these effects, so that Optical
effective angular resolution and image quality

.. . . 4000 Hght years
limited only by the size of the instrument. —_—
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Radio telescopes vary widely, but they all have basic components: (1) a large radio
antenna and (2) a sensitive radiometer or radieivec The sensitivity of a radio
telescope--i.e., the ability to measure weak s@uaferadio emission--depends on the
area and efficiency of the antenna and the seitgito¥the radio receiver used to amplify
and detect the signals. For broadband continuumnsseom the sensitivity also depends on
the bandwidth of the receiver. Because cosmic radioces are extremely weak, radio
telescopes are usually very large and only the reessitive radio receivers are used.
Moreover, weak cosmic signals can be easily mablgadrrestrial radio interference, and
great effort is taken to protect radio telescopesifman-made interference.

The most familiar type of radio telescope is thdigaeflector consisting of a parabolic

antenna--the so-called dish or filled-aperture siape--which operates in the same
manner as a television-satellite receiving antdorf@cus the incoming radiation onto a
small antenna referred to as the feed, a termatfiginated with antennas used for radar
transmissions. In a radio telescope the feed iEdllp a waveguide horn and transfers
the incoming signal to the sensitive radio receiv@ryogenically cooled solid-state

amplifiers with very low internal noise are usedtuain the best possible sensitivity.

In some radio telescopes the parabolic surfacequmterially mounted, with one axis
parallel to the rotation axis of the Earth. Equalomounts are attractive because they
allow the telescope to follow a position in the sk the Earth rotates by moving the
antenna about a single axis parallel to the EadRIs of rotation. But equitorially
mounted radio telescopes are difficult and expensor build. In most modern radio
telescopes a digital computer is used to drive tdlescope about the azimuth and
elevation axes to follow the motion of a radio s®uacross the sky.

Observing times up to many hours are expended aptigticated signal-processing
techniques are used to detect astronomical ragimaks that are as much as one million
times weaker than the noise generated in the receBignal-processing and analysis are
usually done in a digital computer.

In the simplest form of radio telescope, the reeeis placed directly at the focal point of
the parabolic reflector, and the detected signearsed by cable along the feed support
structure to a point near the ground where it Ganelsorded and analyzed.

Since the 1970s telescopes from all over the w@rhd even in Earth orbit) have been
combined to perform Very Long Baseline InterferomebData received at each antenna
is paired with timing information, usually from aclal atomic clock, and then stored for
later analysis on magnetic tape or hard disk. At tater time, the data is correlated with
data from other antennas similarly recorded, talpce the resulting image. Using this
method it is possible to create an antenna theftestively the size of the Earth.

Using these techniques, radio telescopes are @blehieve much high angular resolution
and image quality than instruments working in otivavelength band.



2. X-ray Telescopes

An X-ray telescope is an instrument designed teaednd resolve X rays from sources
outside the Earth's atmosphere. Because of atmaspdiesorption, X-ray telescopes

must be carried to high altitudes by rockets otdomls or placed in orbit outside the

atmosphere. Balloon-borne telescopes are useddctdbe more penetrating (harder) X

rays, whereas those carried aloft by rockets osatellites are used to detect softer
radiation. Several types of X-ray detectors havenbesed, involving Geiger counters,

proportional counters, and scintillation countefese detectors require a large
collecting area, because celestial X-ray sourceseanote and therefore weak, and a high
efficiency for detecting X rays over the cosmic-raguced background radiation is

needed. Reflecting X-ray telescopes are construsbethat the highly penetrating rays

strike the reflective surface at a grazing angle.

The Chandra X-ray Observatory is part of NASA'st e¢ "Great Observatories" along
with the Hubble Space Telescope, the Spitizer Spatescope and the now deorbited
Compton Gamma Ray Observatory. Chandra allows tsstigrirom around the world to
obtain unprecedented X-ray images of exotic enwremts to help understand the
structure and evolution of the universe. Alreadypassing its ve-year life, NASA's
Chandra X-ray Observatory is rewriting textbookd &elping advance technology.

Motion, Heat, and Energy

3. Infrared Telescopes

The cluster of observatories, containing 11 magledcopes, near the summit of
Mauna Kea ("White Mountain”), a dormant volcano tbe island of Hawaii, the

largest and southernmost of the Hawaiian Island® HAighest point in the Pacific
Basin, and the highest island-mountain in the wdWlduna Kea rises 9,750 m from
the ocean floor to an altitude of 4,205 m above lseal, which places its summit



above 40% of Earth's atmosphere. Among the instntsriecated there are the twin
10-m telescopes of the Keck Observatory, the 8.8ubaru Telescope, the 8.1-m
Gemini Telescope (North), the 3.8-m United Kingdémirared Telescope, the 3.1
Canada-Hawaii-France Telescope, the 3-m NASA IRfed Telescope Facility

(IRTF), the 15-m submillimeter-wave James Clerk Makl Telescope, 10.4-m

Caltech Submillimeter Observatory. The Submillimefaray is currently under

construction, while the westernmost antenna of \feey Long Baseline Array is

situated at a lower altitude, 3 km from the summit.

The atmosphere above the mountain is extremelywdnych is crucial for infrared
and submillimeter observations, and cloud-freethst the proportion of clear nights
is among the highest in the world. The exceptiatability of the atmosphere above
Mauna Kea permits more detailed studies than assilple elsewhere, while its
distance from city lights and a strong island-widghting ordinance ensure an
extremely_dark skyA tropical inversion cloud layer about 600 m tigvell below
the summit, isolates the upper atmosphere fromldiver moist maritime air and
ensures that the summit skies are pure, dry, areffom atmospheric pollutants. y
Long Baseline Array\ulnone is situated at a lowgtugle 3 km from the summit. The
atmosphere above the mountain is extremely drychvis crucial for_infraredand
submillimeter observations, and cloud-free, so thatproportion of clear nights is
among the highest in the world. The exceptionabikta of the atmosphere above
Mauna Kea permits more detailed studies than assilple elsewhere, while its
distance from city lights and a strong island-widighting ordinance ensure an
extremely dark sky. A tropical inversion cloud laydout 600 m thick, well below
the summit, isolates the upper atmosphere fromldiver moist maritime air and
ensures that the summit skies are pure, dry, aedffom atmospheric pollutants.




4. Observatories

An observatory is a location used for observing terrestrial andzelestial events.
Astrology, astronomy, climatology/meteorology, gepl, oceanography and
volcanology are examples of disciplines for whidiservatories have been constructed.
Historically, observatories were as simple as dairtg a sextant (for measuring the
distance between stars) or Stonehenge (which hae sdignments on astronomical
phenomena).

Ground-based observatories, located on the surtdcd=arth, are used to make
observations in the radio and visible lights parsicof the electromagnetic spectrum.
Most optical telescopes are housed within a dometloer similar structure in order to
protect the delicate instruments from the elemenidescope domes contain a slat or
other opening in the roof that can be opened duwlmgerving and then closed when the
telescope is not in use. In most cases, the empiper portion of the telescope dome can
be rotated in order to allow the instrument to obsalifferent sections of the night sky.
Radio telescopes usually do not have domes.

Space-based observatories are telescopes or ogtemments that are located in outer
space, many in orbit around the Earth. Space-balseervatories can be used to observe
astronomical objects at wavelengths of the elecugmetic spectrum that cannot
penetrate the Earth's atmosphere and are thus sibf$0 observe using ground-based
telescopes. The Earth's atmosphere is opaquer&violet radiation, X-rays, and gamma
rays and is partially opaque to infrared radiasonobservations in these portions of the
electromagnetic spectrum are best carried out faolmcation above the atmosphere of
our planet. Another advantage of space-based tglesds that, because of their location
above the Earth's atmosphere, their images arefffoee the effects of atmospheric
turbulence that plague ground-based observatiosasa Pesult, the angular resolution of
space telescopes such as the Hubble Space Telescaften much smaller than a
ground-based telescope with a similar aperture. é¥aw all these advantages do come
with a price. Space telescopes are much more exeets build than ground-based
telescopes. Due to their location, space telesc@vesalso extremely difficult to
maintain. The Hubble Space Telescope can be sdrbig¢he Space Shuttle while many
other space telescopes can not be serviced at all.

Some ancient observatories are: Stonehenge, Mdragtservatory, Kokino megalithic
observatory etc... Maragheh observatory was estaualish1259 by Nasir al-Din al-Tusi,
a remarkable Iranian scientist and astronomer,omae the most prestigious observatory
in the world. The library of the observatory contd 40.000 books on many subjects,
not only related to astrology/astronomy. Bar-Hebsdate in his life took residence close
to the observatory in order to use the libraryHw studies. He has left a description of
the observatory.



A number of other prominent astronomers worked &itifusi there, such as Muhyi al-
Din al-Maghribi, Mu'ayyid al-Din al-'Urdi, from Daascus, Qutb al-Din al-Shirazi, and
Hulagu's Chinese astronomer Fao Munji (?) whosen€da astronomical experience
brought improvements to Ptolemaic system used-dysi.

5. Light Pollution

The 1994 California earthquake shut off power
in parts of Los Angeles for a few days, during
which time Griffith Observatory logged dozens
of calls from curious people who wanted to
know if “the weird sky had anything to do with
the earthquake.” City dwellers have forgotten
what the night sky is supposed to look like, and
are surprised when it looks the way it should.
The desert night sky is a natural resource, and a
source of inspiration to all cultures. Turn off
your lights, set up a chair, and watch the show.




