
Telescopes at other Wavelengths 

• Recall that there other forms of “light”, including radio 
waves, X-rays, UV light, etc. 

• The goal of “collect and detect” is still the same. 

• However, the technologies used to collect and detect are 
different at different wavelengths. 



Radio Telescopes 

• Radio telescopes use “mirrors” 
made from steel plates. 

• Radio receivers collect the focus 
radio waves. 

• The radio telescopes are huge 
because of the long wavelengths of 
the radio waves. 

   

    l >1 mm  

• The GBT is the largest steerable 
radio telescope in the world, with a 
diameter of 100 meters.  It is 
perhaps the largest movable land-
based object in the world. 

Robert C. Byrd Green Bank Telescope (West Virginia) 



Radio Astronomy 

Radio astronomy is the study of celestial objects that emit radio waves. 
With radio astronomy, scientists can study astronomical phenomena that 
are often invisible in other portions of the electromagnetic spectrum. 
 
Using radio astronomy techniques, astronomers can…  
•Observe the birth of our Universe in the Big Bang.  
•They can also probe the “Dark Ages” before the onset of the first stars or 
galaxies, and study the earliest generation of galaxies.  
•Radio astronomers analyze and explore the black holes that live at the 
hearts of most galaxies. 
•Since radio waves penetrate dust, scientists use radio astronomy 
techniques to study regions that cannot be seen in visible light, such as the 
dust-shrouded environments where stars and planets are born, and the 
center of our Galaxy, the Milky Way. 



Radio Telescopes 

With modern computers and 
electronics, one can combine the 
signals from several radio 
telescopes to “synthesize” a much 
larger telescope. 

Karl G. Jansky Very Large Array (VLA) is a radio 
astronomy observatory located  in New Mexico. 



Radio Telescopes 

Visible Light  Radio Waves 

NRAO 
http://www.youtube.com/watch?v=68yOEjAz9Sg 



Putting Telescopes In Space, Why? 

No distortion, blurring from atmosphere 

Darker skies especially for infrared 

You can see ultraviolet(UV), x-rays, gamma rays, and infrared 
(IR) rays. 

Why can’t we see this radiation from earth ? 

Ozone, O3, blocks UV at altitude  20-40 km 

Various atoms, and molecules block x-rays, and gamma rays. 

Water vapor blocks IR at altitudes 2-10 km. 



Telescopes at other Wavelengths 

--  The Earth’s atmosphere is transparent to visible light, some infrared, and the radio.  

--  It is opaque to UV, X-rays, and gamma rays.  To detect these wavelengths, one must go to space. 



X-ray Telescopes 

• X-rays are very energetic photons. Can see very energetic 
events in the universe that are very far away.  



Hubble Space Telescope 

http://hubblesite.org/gallery/tours/ 

The Hubble Space Telescope (HST) is a 
space telescope that was carried into orbit by 
a Space Shuttle in 1990 and remains in 
operation. A 2.4 meter (7.9 ft) aperture 
telescope in low Earth orbit, Hubble's four 
main instruments observe in the near 
ultraviolet, visible, and near infrared. The 
telescope is named after the astronomer 
Edwin Hubble. 

http://www.youtube.com/watch?v=U3-AJ1ENkEU 

http://www.youtube.com/watch?v=D-mwfUr-3Xc 



Telescopes in Space 

• The Hubble Space Telescope observes in the ultraviolet, visible, 
and infrared. 

• It is also above the blurring atmosphere. 



Telescopes in Space 

• The Spitzer Space Telescopes observes in the infrared 



Spitzer Space Telescope in Space 

Visible Wavelengths                      Infrared Wavelengths 



Detection of Light 

• Once the telescope has collected the light, we need to 
detect the photons. 

• A bigger telescope gives a higher incoming photon rate. 

• A typical detector will not record all of the incoming 
photons, i.e. the efficiency is less than 100%. 

• The observing efficiency is proportional to the product 
of the telescope area and the detection efficiency. 



Advantages of Photography 

Longer Exposure Times 

•Example: your eye takes an “exposure” roughly 30 times per 
second.  Suppose you exposed film for 30 seconds.  During 
that time, your eye would have taken 900 exposures, erasing 
everything at the start of each one. 

 

•Thus a 30 second exposure could potentially detect 900 
times more photons than you would have seen with your eye, 
neglecting the different efficiencies in detection (CCD’s are 
less sensitive than the eye). 



Key Terms on Light and Telescopes in 
Chapter 3 

adaptive optics 
Cassegrain Telescope 
electromagnetic radiation 
electromagnetic spectrum 
eyepiece lens 
focal length 
focal plane 
focal point 
frequency 
gamma rays 

infrared radiation 
magnification 
Newtonian reflector 
objective lens 
Photon 
primary mirror 
radio telescope 
radio wave 
reflection 
refracting telescope  

spherical aberration 
twinkling 
ultraviolet (UV) 
     radiation 
wavelength 
X ray 



Temperature Conversions and Units 
 

English Units: Fahrenheit 

-459.67=Absolute Zero 

<0 = Really cold! 

32F=Freezing water/ice 

~70F = Room Temperature 

212F=Boiling water 

10,000F=Surface of Sun 

 

Science Units: Kelvin 

0K = Absolute Zero, no negative temperatures possible. 

273.15K=Freezing water/ice 

~300 = Room Temperature 

373.15K=Boiling water 

5800K=Surface of Sun 

K =273.15 +5/9*(F-32) 

 

 

 

 

 

 

  

 

 

 

 

Thus when we see a spectrum we can tell what type of source we 
are seeing. 

 


