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History of the telescope 
 
 

History of the Telescope 
 
Hans Lippershey 
 

 
 
The first practical telescopes appeared in the Netherlands about 1608, and were credited to a 
Dutch spectacle maker named Hans Lippershey. The story tells that two children were playing 
with his lenses, put two together, peered through them at a distant church tower and saw it 
wonderfully magnified.  Lippershey looked for himself and soon mounted lenses together, 
creating his "looker". 
 
Galileo Galilei 
 

  
 

The telescope was introduced to astronomy in 1609 by the great Italian scientist Galileo 
Galilei, who became the first man to see the craters of the Moon, and who went on to discover 
sunspots, the four large moons of Jupiter, and the rings of Saturn. Galileo's telescope used an 
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arrangement of glass lenses to magnify objects. This arrangement provided limited 
magnification – up to 30 times for Galileo. 
 
Sir Issac Newton 

���  

In 1704, Sir Issac Newton announced a new concept in telescope design whereby instead of 
glass lenses, a curved mirror was used to gather in light and reflect it back to a point of focus. 
This reflecting mirror acts like a light-collecting bucket: the bigger the bucket, the more light 
it can collect. The reflector telescope that Newton designed opened the door to magnifying 
objects thousands of times – far beyond what could ever be obtained with a lens.  

Types of telescopes 
 
An optical telescope gathers and focuses light mainly from the visible part of the 
Electromagnetic spectrum (although some work in the infrared and ultraviolet). Optical 
telescopes increase the apparent angular size of distant objects, as well as their apparent 
brightness. Telescopes work by employing one or more curved optical elements - lenses or 
mirrors - to gather light or other electromagnetic radiation and bring that light or radiation to a 
focus, where the image can be observed, photographed or studied. There are three main types: 
 

1. Optical telescopes 
a. Refracting telescope 

 

   
 
A refracting or refractor telescope is a dioptric telescope that uses a lens to 
form an image. The refracting telescope design was originally used in spy 
glasses and astronomical telescopes but is also used in other devices such as 
binoculars and long or telephoto camera lenses. 
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A typical refractor has two basic elements, a convex lens and an eyepiece lens. 
In a refracting telescope the light refracts or bends at each end of the lenses. 
This refraction causes parallel light rays to converge at a focal point; while 
those which were not parallel converge upon a focal plane. This can enable a 
user to view the image of a distant object as if it were brighter, clearer, and/or 
larger. Refracting telescopes can come in many different configurations to 
correct image orientation and some types of aberration. 
 
Types of refracting telescopes: Galilean telescope, Keplerian Telescope. 
 
Advantages 
1. Refractor telescopes are rugged. After the initial alignment, their optical 

system is more resistant to misalignment than the reflector telescopes.  
2. The glass surface inside the tube is sealed from the atmosphere so it rarely 

needs cleaning.  
3. Since the tube is closed off from the outside, air currents and effects due to 

changing temperatures are eliminated. This means that the images are 
steadier and sharper than those from a reflector telescope of the same size.  

 
Disadvantages 
1. All refractors suffer from an effect called chromatic aberration (“color 

deviation”) that produces a rainbow of colors around the image. Because of 
the wave nature of light, the longer wavelength light (redder colors) and the 
shorter wavelength light (bluer colors) do not focus in the same point. 
There are couple of ways to reduce chromatic aberration. One way uses 
multiple compensating lenses to counteract chromatic aberration. The other 
way uses a very long objective focal length to minimize the effect. This is 
why the early refracting telescopes were made very long. 

2. How well the light passes through decreases as the thickness of the lens 
increases. 

3. It is difficult to make a glass lens with no imperfections inside the lens and 
with a perfect curvature on both sides of the lens. 

4. The lens can be supported only at the ends. The glass lens will sag/deform 
under its own weight. 

 
b. Reflecting telescope 

A reflecting telescope (reflector) is an optical telescope which uses a 
combination of curved or flat mirrors to reflect and focus light and form an 
image (catoptric), rather than lenses to refract or bend light to form an image 
(dioptric). 
 

i. Newtonian 
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The Newtonian telescope is a type of reflecting telescope invented by 
the British scientist Sir Isaac Newton, using a parabolic primary mirror 
and a flat diagonal secondary mirror. 

 
Advantages 
1. Reflector telescopes do not suffer from chromatic aberration 

because all wavelengths will reflect off the mirror in the same way.  
2. Support for the mirror is all along the back side so they can be made 

very BIG!  
3. Reflector telescopes are cheaper to make than refractors of the same 

size.  
4. Because light is reflecting off, rather than passing through, only one 

side of the mirror needs to be perfect.  
 
Disadvantages 
1. It is easy to get the optics out of alignment.  
2. A reflector telescope's tube is open to the outside and the optics 

need frequent cleaning. 
3. Often a secondary mirror is used to redirect the light into a more 

convenient viewing spot. The secondary mirror and its supports can 
produce diffraction effects: bright objects have spikes (the 
“christmas star effect”). 

 
ii.  Schmidt-Newton 
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In this system the parabolic primary mirror common in newtonian 
reflector is replaced by a spherical mirror, which introduces spherical 
aberration. This is corrected by the Schmidt corrector plate. 
 

iii.  Cassegrain designs 
a) The "Classic" Cassegrain 

 

 
 

 
 This reflector is a combination of a primary concave mirror and a 

secondary convex mirror, both aligned symmetrically about the 
optical axis. The primary mirror usually contains a hole in the centre 
thus permitting the light to reach an eyepiece, a camera, or a light 
detector. The primary mirror is of paraboloid type, while the 
secondary mirror is of hyperboloid type. 

 
b) Ritchey-Chretien 
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 The Ritchey-Chretien is a specialized Cassegrain reflector which has 
two hyperbolic mirrors (instead of a parabolic primary). It is free of 
coma and spherical aberration. The biggest 2-m telescope at NAO 
“Rozhen” is of this type. The Hubble Space Telescope is also of this 
type. 

 
c) Dall-Kirkham 

    
  
 Uses a concave elliptical primary mirror and a convex spherical 

secondary. While this system is easier to grind than a classic 
Cassegrain or Ritchey-Chretien system, it does not correct for off-
axis coma and field curvature so the image degrades quickly off-axis. 
Because this is less noticeable at longer focal ratios, Dall-Kirkhams 
are seldom faster than f/15. 

 
d) Schiefspiegler 

   
  
 An unusual variant of the Cassegrain is the Schiefspiegler telescope 

("skewed" or "oblique reflector"), which uses tilted mirrors to avoid 
the secondary mirror casting a shadow on the primary. However, 
while eliminating diffraction patterns this leads to several other 
aberrations that must be corrected. 

 
c. Catadioptric telescope 

A catadioptric optical system is one which contains both lenses and mirrors . 
 

i. Schmidt-Cassegrain 
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The first optical element is a Schmidt corrector plate. The plate is figured 
by placing a vacuum on one side, and grinding the exact correction 
required to correct the spherical aberration caused by the primary mirror. 
The Cassegrain has a parabolic primary mirror and a hyperbolic 
secondary mirror that reflects the light back down through a hole in the 
primary. Folding the optics makes this a compact design. 
 

ii.  Maksutov-Cassegrain 
 

 
 

The Maksutov-Cassegrain is a variation of the Maksutov telescope, 
invented by Dmitri Maksutov. It starts with an optically transparent 
corrector lens that is a section of a hollow sphere. It has a spherical 
primary mirror, and a spherical secondary that is often just a mirrored 
section of the corrector lens. Maksutovs are mechanically simpler than 
small Cassegrains, have a closed tube and all-spherical optics. The key 
difference from the similar Schmidt telescope design is the meniscus-
shaped corrector plate that has easy-to-make spherical surfaces, and not 
the complex aspherical form of the Schmidt design. Maksutovs tend to 
have a narrower field of view than Schmidt-Cassegrains due to their 
longer focal length and are generally heavier as well. However, their 
small secondary mirror gives them better resolution than a Schmidt-
Cassegrain. 
 

iii.  Argunov-Cassegrain telescope 
All optics are spherical, and the classical Cassegrain secondary mirror 
is replaced by three air spaced lens elements. The element farthest from 
the primary mirror is a Mangin mirror, in which the element acts as a 
second surface mirror, having a reflective coating applied to the surface 
facing the sky. 

 
2. Radio telescopes 
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Radio astronomy has its roots back in the 1930's when Karl Jansky accidentally 
detected radio emission from the center of the Milky Way as part of his research on 
the interference on transatlantic phone lines. The British advanced radio antenna 
technology in their development of radar technology to fight the German warplanes in 
World War II. After the war, astronomers adapted the technology to detect radio 
waves coming from space. 
 

 
 
A radio telescope uses a large metal dish or wire mesh, usually parabolic-shaped, to 
reflect the radio waves to an antenna above the dish. The signal from the antenna is 
sent to an amplifier to magnify the very faint signals. At the last step, the amplified 
signal is processed by a computer to turn the radio signals into an image that follows 
the shape of the radio emission. False colors are used to indicate the intensity of the 
radio emission at different locations.  
 

3. X-ray and gamma-ray telescopes 
 

 
A diagram of the electromagnetic spectrum with the Earth's atmospheric transmittance (or opacity) and 

the types of telescopes used to image parts of the spectrum. 
 
X-ray and gamma-ray telescopes have a problem because these rays go through most 
metals and glasses. Gamma-ray telescopes give up on focusing entirely, and use coded 
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aperture masks; the pattern of shadows the mask creates can be reconstructed to form 
an image. 
 
These types of telescopes are usually on Earth-orbiting satellites or high-flying 
balloons, since the Earth's atmosphere is opaque to this part of the electromagnetic 
spectrum. 
 

4. Other types 
 

                       
 
Other types of telescopes are binoculars, theodolites, transits, spotting scopes, 
monoculars, telephoto lens, Solar Telescope etc. 
 

 

Some famous telescopes 
 
1. 40-inch refractor at Yerkes Observatory 

 

 
 
The Yerkes Observatory is an astronomical observatory of the University of Chicago in 
Williams Bay, Wisconsin. It was created in 1897 by George Ellery Hale and financed by 
Charles T. Yerkes. 
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A 102 cm (40 inch) refracting telescope built by the master optician Alvan Clark is 
located inside. Today it remains the largest refracting telescope ever used. 
 

2. Arecibo Observatory 
 

 
 
The Arecibo Observatory is located near Arecibo, Puerto Rico. 
 
The observatory's 305-m radio telescope is the largest single-aperture telescope ever 
constructed. It carries out three major areas of research: radio astronomy, aeronomy and 
radar observations of solar system objects. 
 

3. Very Large Array 
 

 
 
The Very Large Array (VLA) is a radio astronomy observatory located in New Mexico, 
USA. 
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The observatory consists of 27 independent radio antennae, each of which has a dish 
diameter of 25 meters and weighs 230 tons. The antennas are arrayed along the three arms 
of a Y-shape (each of which measures 21 km/13 miles long). 
 
The VLA is a multi-purpose instrument designed to allow investigations of many 
astronomical topics. In 1989 the VLA was used to receive radio communications from the 
Voyager 2 spacecraft as it flew by Neptune. 
 

4. Hubble Space Telescope 
 

 
 
The Hubble Space Telescope (HST) is a telescope in orbit around the Earth, named after 
astronomer Edwin Hubble. Its position outside the Earth's atmosphere provides significant 
advantages over ground-based telescopes — images are not blurred by the atmosphere, 
there is no background from light scattered by the air, and the Hubble can observe ultra-
violet light that is normally absorbed by the ozone layer in observations made from Earth. 
Since its launch in 1990, it has become one of the most important instruments in the 
history of astronomy. It has been responsible for many ground-breaking observations and 
has helped astronomers achieve a better understanding of many fundamental problems in 
astrophysics. 
 
Diameter: 2.4 m  
Orbit height: 589 km 
 

5. Very Large Telescope 
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The Very Large Telescope Project (VLT) is a system of four separate optical telescopes 
organized in an array formation. Each telescope has an 8.2 m aperture. The array is 
complemented by three movable Auxiliary Telescopes (ATs) of 1.8 m aperture. The 
project is organized by the European Southern Observatory. 
 
VLT is located at the Paranal Observatory on Cerro Paranal, a 2,635 m high mountain in 
the Atacama desert in northern Chile. 

 
6. Chandra X-ray Observatory 

 

 
 
The Chandra X-ray Observatory is a satellite launched by NASA on July 23, 1999.  
 
Chandra's high elliptical orbit allows it to observe continuously for up to 55 hours of its 65 
hour orbital period. 
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The Science Instrument Module holds the two focal plane instruments. One of them is the 
Advanced CCD Imaging Spectrometer (ACIS). ACIS consists of 10 CCD chips and 
provides images as well as spectral information of the object observed. 

 

Mount types 
 

1. Altazimuth mount 
 

 
 
The earliest types of mounts are today known as altitude-azimuth, or alt-az systems. 
The name refers to the way the system allows the telescope to be moved in altitude, up 
and down, or azimuth, side to side, as separate motions. One negative thing in this 
mount is that telescopes field-of-view will then rotate at varying speed while the 
telescope tracks along the sky. This type of mount is used in practically all modern big 
telescopes, and has also become popular with inexpensive commercial and hobby 
constructions. When astrophotography is involved, a further motor may be used to 
rotate the camera to match the field of view. 
 

2. Equatorial mount 
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The introduction of the equatorial mount displaced most alt-az systems for many 
serious users for several centuries. By tilting the horizontal base of an alt-az system up 
until it is parallel to Earth's equatorial plane, the azimuth rotation then swings the 
telescope in an arc that follows the stars as they move across the sky due to Earth's 
rotation. By attaching a simple clockwork mechanism to this axis, the equatorial 
system makes long observation easy. Also the telescope's field-of-view does not 
rotate, which all combined make these simpler tools to use in e.g. astro-photography. 

 
3. Transit mount 
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A transit telescope is a special purpose telescope mounted so as to allow it to be 
pointed only at objects in the sky crossing the local meridian, an event known as a 
transit. These telescopes rely on the rotation of the Earth to bring objects into their 
field of view. 
 

4. Fixed 
 
Some telescopes are entirely fixed, for example the Zenith telescopes that point only 
straight up. 
 

     
McMath-Pierce Solar Telescope located on Kitt Peak, Arizona – the largest solar telescope in the world 
 
Another special fixed system is used on solar telescopes, where the telescope itself is 
fixed, but light comes in via two flat mirrors, one of which (Coelostat == Heliostat) 
tracks sun on the sky. 


