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RADIO ASTRONO
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Anything that has a temperature a few degrees above absolute zero will emit
radio waves. Radio waves travel through gas and dust, therefore radio
telescopes can peer into the dark clouds where stars are being born, helping us
to understand the process of star birth. Radio telescopes can also be used to
help us better understand the death of stars. Stars many tens of times more
massive than our sun end their lives in violent explosions called supernovae.
The remnants of these stars are small, extremely dense stars called neutron
stars which are too small and dim to be detected by optical means. They emit
radio waves strongly from their magnetic poles as they spin. Thus we can study
the birth of stars and the death of both sun-like and more massive stars using
the science of radio astronomy.

STELLAR EVOLUTION
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Star formation occurs in dark, cold clouds of gas and dust. In the Milky Way, these clouds appear as black patches blocking out
the light of more distant stars, as seen above.

FROM STAR BIRTH TO STAR DEATH .
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Stars form when a clump of
gas, many times bigger than
the solar system, collapses. If
high-mass stars form, their
heat can excite molecules
such as hydroxyl (OH) and
methanol (CH,OH) in the cloud
to produce strong beams of
microwaves at specific
frequencies. These beams
are called “Masers”.

Hartebeesthoek’s 26m Radio
dish discovered periodic Maser
G9.62+0.20, the first of its kind
to be found.

This map of the clumps of gas in a star
nursery, producing methanol masers, was
made using the “Very Long Baseline Array”
(VLBA) of radio telescopes in the USA. The
area shown is roughly the size of Pluto's
orbit.
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PULSARS

A massive star ends its life in a supernova explosion. Left
behind is a small dense, rapidly rotating neutron star. This
emits radiation from its magnetic poles. These beams
sweep across the sky like a lighthouse beam. Each time the
beam passes the Earth we can see a radio pulse.
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OTHER RESEARCH

Molecules within the dust clouds of star nurseries emit radio waves through a
maser process (exactly like a laser, but in the microwave region of the electro-magnetic
spectrum). These can be detected using radio telescopes and studying the behaviour of
these emissions helps us understand how stars are born.

Dust-enshrouded sun-like stars also emit maser radiation from molecules in
the dust by a maser process. Studying these emissions helps us understand how stars like
the sun end their lives. Several radio telescopes together can be used to make maps of the
molecules in these dust shells and thus help us understand the structure of the shells
surrounding these stars. Fast spinning remnants of stars much more massive than our sun
can be studied by measuring the radio pulses that they emit as they spin.

Neutron stars and even black holes, can be indirectly detected by
their effect on a companion star - as they orbit their companion, they can pull matter off the
companion and cause flares in the radio spectrum from the binary system. Thus we can
study these unusual objects using radio telescopes.

Sometimes unusual behaviour is detected in objects in the
universe and telescopes around the world are requested to make observations of these.
When radio observations are needed the HartRAO telescope is able to adjust immediately
and slot such objects into the observing schedule.

The HartRAO 26 m telescope was used to map our
dalaxy at 13 cm radio wavelength. The CBASS telescope will be used to accurately map our
galaxy at 6 cm wavelength, so that it can be subtracted off the cosmic microwave
background map.
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* Mass of 1.4 suns in an object
with a diameter of 15 km

* Born spinning at up to 1000
times per second

* The surface is crystalline
iron, the interior is a neutron
superfluid

* Density of 10" kg/m’

* Magnetic field a billion times
the highest made in a
laboratory on Earth

* Rotation speeds at the

Y Pulses are seen when rotating surface near light-speed
. beams from the neutron star

Composite pulses
from data recorded by
the HartRAO 26m dish

Pulsars are usually very stable clocks. Occasionally they
suddenly speed up in an event known as a glitch. By
monitoring how the pulsar spin rate recovers from a glitch we
can find out about the interior of the neutron star.
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