Astronomy
Chapter 6 – Telescopes
6.1 Eyes and Cameras: Everyday Light Sensors
· Light waves slow down when they hit your eye because light generally travels more slowly through denser matter than through air
· The change in speed causes the wave the bend, this is known as refraction
· The place where the image appears in focus is called the focal plane of the lens
· Any device that records light is called a detector
6.2 Telescopes: Giant Eyes
· The light collecting area tells us how much total light the telescope can collect at one time
· Angular resolution is the smallest angle over which we can tell that two dots – or two stars – are distinct
· The ultimate limit to a telescope’s resolving power comes from the properties of light 
· Since light is an electromagnetic wave, beams of light can interfere with one another like overlapping sets of ripples on a pond
· The interference limits a telescope’s angular resolution even when all other conditions are perfect
· The angular resolution that a telescope could achieve if it were limited only by the interference of light waves is called its diffraction limit
· The diffraction limit depends on both the diameter of the telescope’s primary mirror and the wavelength of the light being observed
· The two types of telescopes:
· A refracting telescope operates much like an eye, using transparent glass lenses to collect and focus light
· A reflecting telescope uses a precisely curved primary mirror to gather light, this mirror reflects the gathered light to a secondary mirror
· All telescopes used in current astronomical research are reflectors
· This is because light passes through the lens of a refracting telescope, lenses must be made from clear, high-quality glass with precisely shaped surfaces on both sides (reflector – only on the mirror)
· Large glass lenses are extremely heavy and can be held in place only by their edges
· Most observations fall into one of three basic categories :
· Imaging
· We make detectors that undergo changes when they are hit by light
· Images made with invisible light cannot have any natural color, because ‘color’ is a property only of visible light
· Spectroscopy
· Spectographs use diffraction gratings to separate the various colours of light into spectra, which are then recorded with a detector such as CCD
· The information we can glean from a spectrum depends on the spectral resolution; the higher the spectral resolution, the more detail we can see
· Timing
· Example: Small periodic changes in a star’s brightness can reveal the presence of an orbiting planet
· Light curves are graphs that show how an object’s intensity varies with time
6.3 Telescopes and the Atmosphere
· Our atmosphere creates three other problems that inevitably affect astronomical observations…
· The scattering of human-made light
· The atmosphere scatters the bright lights of cities at night just as it scatters sunlight in the daytime
· The problem is known as light pollution
· The blurring of images by atmospheric motion
· Winds and other air currents ensure that air in our atmosphere is constantly moving and mixing around (turbulence)
· Adaptive optics can eliminate much of the blurring caused by our atmosphere
· Adaptive optics essentially makes the telescope’s mirrors do an opposite dance, canceling out the atmospheric distortions
· The fact that most forms of light cannot reach the ground at all
· Put telescopes into space (Hubble)
6.4 Telescopes and Technology
· Radio Telescopes
· A specialized kind of radio telescope is now the most common telescope in the world (satellite)
· A satellite is essentially a small radio telescope designed to collect radio waves from a satellite in Earth orbit
· Astronomical radio telescopes are also larger than satellite dishes, both because they need a large light-collecting area to detect the faint radio waves from cosmic sources and because they are used to make images and therefore require decent angular resolution
· The long wavelengths of radio waves mean that very large telescopes are necessary to achieve reasonable angular resolution, that is why radio telescopes are so much larger than visible-light telescopes
· However radio-wave pollution is an even more serious impediment to radio astronomy than light pollution is to visible-light astronomy
· Infrared Telescopes
· The only solution to this problem is to put the telescopes into space, so they get away from Earth’s heat, and to cool the telescopes, so they emit less and lower-energy infrared light
· Ultraviolet Telescopes
· However, Earth’s atmosphere almost completely absorbs UV light, making most UV observations impossible from the ground
· X-Ray Telescopes
· Trying to focus X rays is somewhat like trying to focus a stream of bullets if they are fired directly at a metal sheet
· False colour (eyes can’t see it)
· Gamma-Ray Telescopes
· Gamma rays can penetrate even grazing incidence mirrors and therefore cannot be focused in the traditional sense
· Beyond Light
· The subatomic particle known as the neutrino that is produced by nuclear reactions, including nuclear fusion in the Sun and the reactions that accompany the explosions of distant stars
· Earth is continually bombarded by very high-energy subatomic particles from space known as cosmic rays
· Astronomers hope they will be able to detect gravitational waves from exotic objects like orbiting neutron stars and black holes
· Interferometry
· Is when you link two or more individual telescopes to achieve the angular resolution of a much larger telescope
· It works by taking advantage of the wavelike properties of light that cause interference
· Photometry is how bright things are
· Astrometry is what things are
· [bookmark: _GoBack]Morphology is the shape things are
