
 
 
 

Telescopes 
 

- or - 
 

My, What Big Eyes You Have 



Galileo and 
his 

Telescope 



Telescopes serve two main 
purposes: 

•  To collect light 
•  To provide angular resolution 



Light Collection  - The Eye 
The eye is a light collecting device 
•  The dark-adapted eye has an aperture of about 0.25 cm2 

•  The eye has about 0.1 second time resolution 

The bright star Vega emits about 3x106 photons/cm2/sec 
•  You see about 105 photons continuously from Vega 

The faintest naked-eye stars are about 300 times fainter 
•  You see about 300 photons continuously from these stars 



Light Collection  - Telescopes 
A telescope is a light collecting device 
•  A telescope of diameter d has an aperture of πd2/4 cm2. 
•  If this aperture is larger than that of your eye, more light is 

concentrated on your eye, and a faint object looks 
brighter. 

•  A 6” telescope collects about 900 times as much light as 
the naked eye. 

•  The 10 meter Keck telescope collects about 3x106 times 
as much light as the naked eye. 

Bigger is better.  



Angular Resolution 
•  Resolution: the ability to separate 2 nearby objects.  
•  The resolution of a telescope is determined by the 

diameter of the telescope and the wavelength of the 
light.  

•  θ=250,000 λ/d 
–  θ: resolution in seconds of arc 
–  λ: wavelength of light 
–  d: diameter of telescope 

•  Resolution of a 6 inch telescope is about 2 arcsec 
•  Human eye can resolve about 20 arcsec 

Bigger is better (but θ is limited by the atmosphere) 



Angular 
Resolution 
Two stars 
separated by 0.25 
arcsec. These stars 
are resolved. 
Diffraction rings 
around the brighter 
star demonstrates 
the wave nature of 
light. 
 
Image from the Hubble 
Space Telescope 



Types of Optical Telescopes 

Light can be focused in two ways: 
•  lenses 
•  mirrors  



Refracting Telescopes 

•  Use lenses to bend, or refract, light 

2 lenses are 
needed to 
focus and 
collimate 
the light  



Refracting Telescopes 

•  Patented by Hans Lippershay (1608) 
•  First use: the spyglass 

– Drawback: image is inverted 

•  First used for astronomy by Galileo 



Yerkes 40” 



Reflecting Telescopes 

•  Use mirrors to reflect light 

A minimum of 
2 mirrors, or  
1 mirror and 1 lens, 
are needed to focus 
and collimate the 
light  



Reflecting Telescopes 

Invented by 
Isaac Newton 
 
(but Archimedes and the 
Greeks used mirrors to focus 
sunlight in the siege of 
Syracusa, c. 213 CE ) 





Advantages of Reflectors 

 
•  Mirrors need only 1 good surface 
•  Mirrors need not be transparent 
•  Mirrors can be supported on the back 
•  Reflectors can be folded and made short 
•  Cost of telescope enclosure scales with 

length of telescope 



Telescope Mounts 

Equatorial Altitude-Azimuth 



Telescope Foci 

Cassegrain Newtonian Coude 



Observatories 

Stjerneborg at Hven 



Cerro Tololo InterAmerican Observatory 
(4m, 1.0m) 
                   



Cerro Tololo InterAmerican Observatory 
(1.5m, 0.9m) 
                   



Mauna 
Kea 

 
(c. 2010) 

  



Mountaintop Observatories 

•  Decrease atmospheric absorption 
•  Decrease water vapor 



Mountaintop Observatories 

•  Improve seeing 



Mountaintop Observatories 

•  Mitigate against light pollution 

1908 1988 



Other Possibilities 

SOFIA 



Other Possibilities 



Other Wavelengths: Radio 

Robert C. Byrd  
Green Bank Telescope 
Green Bank WV 



Other Wavelengths: Radio 

Very Large 
Array 
Socorro NM 



Other Wavelengths: Radio 

Arecibo, 
P.R. 



Other Wavelengths: X-rays 



Solar System Observations 

Solar system research has evolved from 
•   telescopic observations (astronomy) to 
•   in-situ measurements (geology and 

atmospheric sciences) 



Solar Observatories - Ground 

•  National Solar Observatory 
– Daniel K Inouye Solar Telescope (under 

construction on Haleakela, Maui) 

– Dunn Solar Telescope (Sunspot NM) 

•  Big Bear 
•  Las Palmas 
•  GONG (helioseismology) 



DKIST 

  

4m reflector 



  

Dunn Solar Telescope            Big Bear Solar Observatory 



Solar Observatories - Space 
Legacy 
•  YOHKOH (X-rays) 

•  Trace (high spatial resolution) 

Operating 
•  GOES (space weather monitor) 

•  SOHO (at L1) 

•  SDO (high spatial resolution) 

•  Stereo (2 spacecraft giving a 3D picture) 

•  Parker Solar Probe (4R⊙ mission) 



Interplanetary Space 

•  Lots of space physics experiments, on a 
wide variety of spacecraft, measuring 
–   Electron and proton fluxes, spectra and 

velocities 
– Magnetic fields 
– Solar coronal mass ejections (CMEs) 



Lunar Observations 

•  Ranger (1964-1965) 
•  Surveyor (soft landings 1966-1968) 



Surveyor 3 
Apollo 12 



US Lunar Observations 
•  Ranger (1964-1965) 
•  Surveyor (soft landings 1966-1968) 
•  Lunar Orbiter (1966-1967) 
•  Apollo (manned 1969 - 1972) 
•  Clementine (1994) 
•  Lunar Reconnaissance Orbiter (2009) 
•  GRAIL (2011) 
•  LADEE (2013) 



Inner Planets 

•  Mariner 2, 5 (Venus flybys – 1962, 1967) 

•  Venera (10 Soviet missions; Venera 7 landed 
1967) 

•  Mariner 10 (flew past Venus and Mercury 1973) 

•  Pioneer Venus Orbiter (1978) 

•  Messenger (orbited Mercury) 



Mars Flybys/Orbiters 
•  Mariners 4,6,7 – flybys (1965, 1969) 
•  Mariner 9 – orbiter (1971) 
•  Viking orbiters (1975) 
•  Mars Global Surveyor  (1996) 
•  Mars Odyssey (2001) 
•  Mars Reconnaissance Orbiter (2005 -) 
•  Maven (in orbit) 
•  inSight (en route) 
•  + more! 



Mars Landers 

•  Mars 3 (1973 – operated for 20 seconds) 

•  Viking (1976) 
•  Pathfinder (rover 1996) 
•  Phoenix (2007) 
•  Spirit/Opportunity (rovers 2003-) 
•  Curiosity (rover 2011-) 



Asteroids and Comets 
•  Giotto (1986; flew by Halley’s comet) 

•  Stardust (1998; flew by Comet Wild-2 and 
returned samples) 

•  Dawn (2007; visited Vesta, at to Ceres) 

•  Rosetta/Philae (2004 visited P67) 

•  Hyabusa 2 (at Ryugu) 

•  Osiris-REX (en route) 

•  + more 



Comet  Churyumov-Gerasimenko  
from 62 km  



Outer Planets 
•  Pioneer 10 (1972; Jupiter flyby) 

•  Voyager 1, 2 (1977; grand tour; now in 
interstellar space) 

•  Galileo (1989; Jupiter orbit) 

•  Cassini-Huygens (1997; Saturn orbit, Titan 
landing) 

•  Juno (orbiting Jupiter) 

•  New Horizons (2006; Pluto flyby in 2015; 
enroute to Kuiper belt) 



Jupiter from Juno 

  



What to do with a Telescope 

•  Imaging 
•  Spectroscopy 



Imaging 



Spectroscopy 



Spectra 

Continuum Spectrum 



Spectra 

Emission Line  Spectrum 



Spectra 

Absorption Line Spectrum 



Summary 
Telescopes enable 
•  Light collection (∝ d2) 

•  Spatial resolution ∝ (λ/d) 

Techniques 
•  Imaging (brightness, position) 

•  Spectroscopy (composition, temperature, velocity) 

In-situ observations possible in Solar System 


