Tools of Astronomy

OBJECTIVES:

1. Describe space exploration.

VOCABULARY:

Refracting Telescopes

Reflecting Telescopes

Satellite

Sputnik

Hubble Space Telescope
Space Shuttle


International Space Station

Space Exploration is the science and engineering of spacecraft and space probes used for investigation of physical conditions in space and in celestial bodies - e.g. stars, planets and their moons.  Space exploration, or astronautics, is interdisciplinary in that it draws upon the findings of such fields as physics, astronomy, mathematics, chemistry, biology, medicine, electronics, and meteorology.
When people were curious about what was in the sky, they looked at it and took observations to try to understand it.  You can only see so much with your eye.  If you want to see more, you need a tool to bring far things closer too you.  The first invention to look at the night sky was the telescope.  The two principle optical designs are reflecting and refracting.  Most every-day telescopes and binoculars use lenses to gather the light, which we see through an eyepiece. Astronomical telescopes that use lenses in this way are called refracting telescopes because the objective lens (at the end furthest from the eye) refracts the light to a focus, which is magnified by the eyepiece.

	


	


Astronomers do not use refractors very much nowadays because if we wished to collect a lot of light from a faint object we would need a very large objective lens.  The only way to support a large lens is around its edge. The force of gravity would bend the lens away from its design shape when we moved the telescope around the sky. 

A reflecting telescope uses a mirror to collect light instead of a lens.   This overcomes the problems inherent in supporting the lens in a refractor and the light losses due to the light passing through thick pieces of glass.  The mirror of a reflector is at the bottom end of the telescope tube.
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The mirror is a fairly thick, rigid disk of glass whose top surface has been accurately ground and polished so as to reflect all the light falling on it to a focus near the top end of the telescope tube.  The top surface is made highly reflecting by evaporating a thin film of aluminium on to it in a vacuum.  The mirror can be supported around its edge and back surface.

In addition to using visible telescopes, astronomers observe the universe at wavelengths that the human eye cannot detect.  Infrared and ultraviolet radiation can be focused by mirrors in much the same way as visible light.

Not only do we observe the universe from here on Earth, but we have also sent instruments into space to collect the information we seek.  One reason for this is that Earth’s atmosphere blocks radiation.  When certain wavelengths are passed through, the images are blurred.  Another reason for sending instruments into space is to make close-up observations and even obtain samples from nearby objects in the solar system.  Automated space probes and human space flight have provided a wealth of scientific data on the nature and origin of the solar system and the universe.  Although studies from Earth using optical and radio telescopes had accumulated much data on the nature of celestial bodies, it was not until after World War II that the development of powerful rockets made direct space exploration a technological possibility. 
Imagined for centuries, the era began with the first artificial satellite (an object that orbits another object due to gravity) (Sputnik, 1957) and the first manned flight (Gagarin, 1961), with successive rapidly evolving capabilities in Earth orbit and Solar System exploration.  It is an arena of intense international competition and, recently, co-operation. The practical uses of space - communications and meteorology - are now taken for granted; astronomy and Earth remote-sensing capabilities provide a new perspective on the universe and our own planet.  Hundreds of communications satellites reflect or relay radio signals, providing transmission of television signals, telephone conversations, and digital data.  Weather satellites provide daily reports of temperatures and cloud patterns.  The U.S. Landsats observe the earth, returning information on soil characteristics, water and ice quantities, pollution, insect blights of crops, and even forest fires.  Study of the Earth's crust helps geologists to identify deposits of oil and minerals.  Navigation satellites can locate a position on earth within a few yards. 
One of the best-known space-based observatories is the Hubble Space Telescope (HST).  It is a 2.4-meter reflecting telescope, which was deployed in low-Earth orbit (600 kilometers) by the crew of the space shuttle Discovery on 25 April 1990.  It is a long-term space-based observatory that will operate until 2010.  During its years of operation, the HST has managed to become one of the most important science projects ever.  HST has enabled scientists to make many astronomical discoveries, including the first observations of a black hole. 
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In addition to making observations from above Earth’s atmosphere, space-based exploration can be achieved by sending spacecraft directly to the bodies being observed.  Robotic probes make close-up observations and sometimes land to collect information directly.  Probes are practical only for objects within our solar system, because the stars are much to far away.  The robot Sojourner, part of the Pathfinder probe, explored Mars for almost three months in 1997.  More recently, the twin robots Spirit and Opportunity conduced scientific experiments on Mars in 2004.

Scientists want to study the effects of space on humans so they conduct space shuttle missions.  The space shuttle is a reusable rocket-launched vehicle designed to transport people and cargo between Earth and orbiting spacecraft, and then to return to the Earth's surface by gliding down and landing on a runway.  However, because shuttle missions last a maximum of just 17 days, long-term effects must be studied in space stations.
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The International Space Station (ISS) is a joint project of five space agencies: the National Aeronautics and Space Administration (United States), the Russian Federal Space Agency (Russian Federation), the Japan Aerospace Exploration Agency (Japan), the Canadian Space Agency (Canada) and the European Space Agency (Europe).  It was launched in 2000 and has always had a minimum of two people on board at a time.
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