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Introduction – part 2 
 
The first part of this article described the first 200 years of the evolution of the telescope, 
from its introduction as a commercial instrument by Dutch artificers in the early 1600s to its 
apparently sophisticated development by the beginning of the 19th century.  As a historic 
scientific instrument curator I am almost in awe of the productions of Jesse Ramsden, Edward 
Troughton and other leading lights of two centuries ago.  Immense thought went into the 
design of their instruments, manual skill that is hardly surpassed today went into their 
production and the results were elegant.  The instruments generally served the science of the 
times well.  In truth, however, their refractors seldom exceeded 10 cm in diameter, and 
reflectors of the day were hardly ever a few times this figure.  To make an academic analogy, 
if today’s telescopes are considered first-class Honours productions, two centuries ago the 
discipline was still in the primary school.   
 
William Herschel had indicated what secondary school was about, how large reflectors were 
the way forward for deep space astronomy but his example didn’t get taken up by national 
observatories of the day.  I mentioned previously how the English makers lost their leadership 
at the beginning of the nineteenth century to makers in continental Europe because of issues 
with making doublet objective lenses even as big as the palm of one’s hand.  Grand houses 
had glass mirrors backed with mercury-amalgam in the 18th century with dimensions larger 
than one metre.  If polished flat glass could be made this big, what was the problem in making 
a lens a mere 15 cm in diameter?   To the casual eye, glass is just glass but in fact the quality 
and optical property requirements of the glass needed for a telescope lens is much greater than 
that needed for a domestic mirror, even one for a grand mansion.  This is just another aspect 
of the hidden complexity in a telescope, an instrument that appears quite simple.  The concept 
is simple; the tolerances required for an effective instrument have tested the limits of 
manufacturing capability for centuries. 
 
 It was the Swiss Pierre Louis Guinand who discovered a method of making large flint glass 
disks of quality, the pre-requisite for large achromatic objectives.  The baton for leading edge 
instruments passed to French makers such as Lerebours and Cauchoix, building on a revival 
of instrument making in that country that had begun in the late 18th century.  In Germany 
Reichenbach, Fraunhofer, Repsold, Merz and others laid the basis for an optical industry that 
is still strong in the country to this day.  Guinand worked with Fraunhofer at Munich for 
almost a decade and Fraunhofer’s very good 24 cm telescope for the Tartu observatory in 
1824 was the largest refractor in the world for many years.   
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The leviathan of Parsonstown 
 
Fig. 10.  Lord Rosse’s great telescope at Parsonstown 
 

One person who did appreciate William Herschel’s lesson was William Parsons, 3rd Earl of 
Rosse, amateur astronomer extraordinaire with wealth as great as his passion for astronomy.  
Over a four year period in the 1840s, the Earl designed and had built by far the largest 
telescope in the world (Fig. 10), with speculum reflectors of 72 inches (1.83 m) in diameter 
and a tube 58 ft (17.7 m) long.  I say ‘reflectors’, for the Earl cast two successful ones, so that 
he could have one re-polished to remove the natural tarnishing while the other was in use.  He 
also hired professional astronomers to use the instrument to its full potential.  William 
Parsons was an ‘amateur’ only in the sense that he didn’t draw a salary from astronomy but in 
practice carried out astronomy to the highest professional standards.  Aberdeenshire’s Lord 
Lyndsay, Earl of Crawford, FRS, PRAS, etc. was another 19th century example in the same 
mould, whose activities have had a lasting impact on Scottish astronomy, but that is a 
digression.  When William Parsons died in 1867 his son, who became the 4th Earl, continued 
the development of the instrument and the observing program lasted until 1878.  The 
telescope was not exceeded in size until the 100 inch Mt Wilson telescope of 1917. 
 
The public love astronomy 
 
Telescopes didn’t just develop over the centuries like an oak tree grows from an acorn.  
Telescopes developed because what they showed interested, indeed fascinated, many people, 
lords to laymen alike.  The street telescope in figure 11 is from a book in my library published 
in 1847.  A similar picture could be drawn today, not from a city street but at least from a city 
park or darker site.  Astronomy has introduced a great many youngsters to a career in science 
and has fostered a scientific interest in many adults whose careers have little connection with 
science. 
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Fig. 11. Street telescope, 
introducing astronomy to the 
public in the 1840s 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12 are images from Lord Rosse’s great telescope, which showed to people for the first 
time the nature of spiral galaxies (the whirlpool nebula, M51, shown here) and that 
‘nebulosities’ in the sky were not all the same by any means.  Some could be resolved into 
stars, others like the ring nebula (M57) or dumbbell nebula (M27) couldn’t.  Few people 
could look through great telescopes but many people could look at the drawings of what was 
seen and read popularizations of their interpretation. 

 
Fig. 12. Images from Lord Rosse’s telescope published in “Orbs of Heaven: a popular 
exposition of the great discoveries and theories of modern astronomy” by O. M. Mitchell 
[Routledge, Warne and Routledge, London, 1869]. (left) M51, the whirlpool nebula; (right) 
M27, the dumbbell nebula. 
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Fig. 13 shows the telescope of James Nasmyth, retired industrialist, made around 1840.  He 
went for a reflector not unlike today’s Dobsonian but because of its size (a 20 inch mirror) he 
routed the optical path through the mounting axis.  This has become known as the Nasmyth 
configuration; a slight modification is the Coudé optics, now common in large observatory 
telescopes.  Nasmyth made the instrument himself from first to last, including casting the 
speculum and polishing it.  Even in my youth, grinding one’s own glass mirror was the norm 
for an amateur.  All that has changed in the last few decades.   

 
Fig. 13. (above) James Nasmyth at his home ‘Patricroft’ with the 20” reflector completely 
made by himself, circa 1840.  Nasymth also drew the illustration. 
 
Fig. 14. (right)  Typical mid 19th century 
amateur telescope for patio use. 
 
Nasmyth’s example was exceptional.  More 
typical of amateur telescopes were portable 
refractors on a platform that could be 
wheeled out onto the patio or balcony.  
Figure 14 illustrates a design very similar to 
an example in our collection.  The only 
‘cutting edge’ aspect of such telescopes is 
making good ones cheap enough for the mass 
market but their hidden importance is that 
without a healthy amateur base astronomy 
would wither.  The fact is that astronomers 
cannot themselves afford the instruments in 
professional use today and need patronage or 
public money.  Ultimately, research 
instruments rest on an enormous base of 
public interest in astronomy; they have done 
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so for a long time.  Astronomers forget the public at their peril.  Fortunately they don’t. 
 
Mid 19th century observatories 
 
With hindsight, large reflectors 
were the key to deep space 
astronomy but without the 
handmaidens of spectroscopy 
and astrophotography, progress 
was necessarily restricted.  
Spectroscopy was in its infancy 
mid-century and photography 
through the telescope limited to 
the Sun and Moon.  The Paris 
observatory commissioned a 
substantial Newtonian under a 
large shed on rails that could be 
rolled away but it was clearly 
unwieldy.  In fact, equatorially 
mounted refractors were the 
workhorses for most 
observatories, mounted under an 
opening dome.  Fig. 15 shows 
the RGO’s ‘Great Equatorial’ 
instrument in about 1860, with 
Airy’s innovative and 
mechanically sound mounting.   
This telescope had an objective 
glass of 32 cm by Merz of Munich and the remaining optics by Troughton & Simms of 
London. 
 
Fig. 15 (above). The ‘Great Equatorial’ of the Royal Observatory, Greenwich, circa 1860. 
 
Transit telescopes 
 
The Transit telescope is another concept of the 17th century, the first one being devised by 
Roemer in Copenhagen in 1689, but Transits weren’t much in evidence until the 19th century 
when their development and use blossomed.  The transit instrument is an astrometric device, 
equipped with the highest precision scales available to measure the angle of tilt of the 
telescope (Fig. 16). 
 
 
Fig.16. (below) Example of the Paris observatory’s transit telescope showing stable meridian 
mounting, precision scales with multiple read-outs, observatory clock and twin observers, one 
in the reclining chair and the other at the scale microscopes.  A third observer would likely be 
recording readings and a 4th necessary if the clock is also to be read. 
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  A specially designed instrument 
with a visible cross-wire system is 
set up on a horizontal axis exactly 
on the meridian so that it can swing 
in one vertical plane.  The very 
precise scales measure the altitude 
of a star and with the observatory 
clock and cross-wires the exact time 
of transit across the meridian can be 
determined to enable the right 
ascension, namely the celestial 
longitude, to be found with 
precision.  The mechanics of a 
transit instrument are even more 
important than its optics.  National 
time standards were determined by 
stellar transits.  It was in the 19th 
century (1884 to be precise) that the 
Greenwich meridian became the 
standard meridian for world time 
and the cartographic zero of 
longitude for the world.  It is the 
vertical plane of the centre of the 
Greenwich transit instrument that defines this meridian, as it happens one set up in 1850 by 
George Airy, the Astronomer Royal, that was 19 feet (5.8 m) east of the meridian used by his 
predecessors. 
 
For a transit instrument, the scales and the mounting are the key.  It was the 19th century 
astronomer and mathematician Friedrich Bessel who said ‘every instrument must be twice 
made, once by the artist and again by the observer’, meaning that it is up to the observer to 
detect the defects of the instrument and make allowances that reduce their effects to a 
minimum.  Usually much more time is spent making allowance for defects and temporary 
influences than is spent in observation. 
 
Grinding 
 
Fig. 17. Lens grinding 
machinery illustrated in the 
Encyclopaedia Metropolitana, 
plate LXXXIV, 1845 
 
Without precision optics, a 
telescope is next to worthless.  
It is hard to over-estimate the 
importance of accurately 
forming the mirror and lenses, 
particularly the objective.  
Amateurs may have ground 
their lenses and specula by 
hand but some professionals 
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developed lens grinding machinery in the 17th century.  Machinery may help but the process 
of accurately figuring a lens or mirror required a lot of detailed technique, experience, feel 
and the application during the manufacturing process of such quantitative tests as were known 
about.   Machinery did not replace the need for highly skilled artisans, who would guard their 
procedures as ‘trade secrets’.  Nonetheless, by the mid-19th century volume production was 
aided by machines such as the steam-engine driven lens grinder shown in Fig. 17. 
 
Exit speculum reflectors, enter better eyepieces 
 
Sir John Herschel, William Herschel’s astronomer son, described the reflecting telescope as 
‘that eminently British instrument’ and at the time that was a fair comment.  However, from 
the middle of the 19th century, the development of reflecting telescopes became largely a non-
British affair.  The great physicist Leon Foucault showed how effective the silvered glass 
mirror was as a reflector and Steinheil was quick to produce these commercially using a new 
mercury-free process for depositing silver, developed by the chemist Justus von Liebig.   
 
In 1858 Foucault also devised the ‘Foucault test’ for the true sphericity of a mirror that 
allowed mirrors to be polished to higher tolerances than before.  Testing objective mirrors 
before they are installed is a serious issue, as the Hubble Space Telescope disaster showed.   
Without it, the phenomenal performance of telescopes now taken for granted wouldn’t be 
achieved.  The more modern Hartmann test was developed around 1900 by the astronomer 
Johannes Hartmann, the results of which enable the various lens aberrations of the objective 
to be quantified. 
 
The 19th century also saw a much needed development of eyepieces.  Jesse Ramsden had 
introduced a variant of the 2-lens Huygens eyepiece in the last quarter of the 18th century that 
allowed cross-wires or a micrometer scale held just in front of the first eyepiece lens to be 
seen in focus simultaneously with the objects viewed.  The Ramsden eyepiece was developed 
into a 3-lens version with improved achromaticity and a wider field of view by Kellner in mid 
19th century.  This was soon followed by the very successful 4-lens Plössl eyepiece using two 
achromatic doublets and in 1880 by the orthoscopic 4-lens eyepiece (corrected for distortion) 
introduced by Ernst Abbe.  See Fig. 18.   There were further developments of course in the 
20th century, notably the popular wide-field Erfle design of around 1920, before eyepieces 
rather disappeared altogether from professional instruments much later in the century! 
 

 
 
Fig. 18.  Evolution of eyepieces with visible cross-hairs or scales.  Diagrams adapted from 
Wikipedia Commons. 
 
The ingredients for the great 20th century telescopes were coming together: larger optics, 
designed with the benefit of detailed theory, ground by machine and tested for tolerance; 
improved eyepieces; appropriate and complex mechanical design integrated with an 
understanding of the properties of materials; precision manufacture, that was developing right 
through the 19th century and one new consideration - location away from centres of 
population. 
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Lick 
 
Lick was the first 
permanently occupied 
mountain-top observatory, 
erected on Mt Hamilton in 
California.  In 1890 it had 
the largest refractor in the 
world, with a 36 inch (91 
cm) objective.  You can see 
some of its mechanical 
sophistication in Fig. 19.   
 
Fig. 19.  The observer’s end 
of the Lick equatorial, 
showing the complexity 
reached in such instruments 
by the end of the 19th 
century. 
 
It wasn’t just the problem of 
making large lenses of 
bubble-free, stria-free glass 
that made the Lick one of the 
last of the large refractors.  
Lenses must necessarily be held around their rim only, whereas mirrors can be supported 
across their area.  It is mechanics that dictated that large 20th century telescopes would be 
reflectors and not refractors. 
 
There was one further ingredient in the 20th century story that took some half-century to 
evolve from concept to practicality, namely astrophotography. 
 
Astrophotography 
 
Fizeau and Foucault took the first astrophotograph, a daguerreotype of the Sun, in 1845.  For 
about three decades astrophotography concentrated on the Sun, mainly because of the slow 
speed of photographic emulsions.  Several important aspects of the Sun, such as the nature of 
its prominences, were solved with stellar photography. 
 
Fig. 20 (below). The astrographic telescope with doubled optics, one set for the camera and a 
second for visual monitoring. 
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Astrophotography showing star 
fields didn’t really get going 
until the 1880s.  David Gill in 
South Africa, one of the keen 
exponents of astrophotography, 
found that surprisingly good 
pictures could be taken by 
piggy-backing the camera of the 
day onto his telescope.  He and 
Admiral Mouchez, Director of 
the Paris Observatory, were key 
in organizing the first ever big 
multi-observatory, multi-
national, astronomical project: a 
photographic survey known as 
the Carte du Ciel, a catalogue 
(never fully completed) that 
would contain over 10 million 
stars down to 14th magnitude 
using specially designed 
astrographic telescopes.  Fig. 20 
illustrates that they were double 
instruments, one of which 
carried the photographic plate 
and the other allowed the 
observer to monitor the tracking 
and make fine corrections to keep the field of view rock steady for perhaps 45 minutes of 
exposure.  Howard Grubb made the instruments for about half the 20 participating 
observatories.  Almost all the others were made by Paul & Prosper Henry of Paris.  The 
project begun in earnest in 1887 and lasted decades. 
 
Some 20th century highlights 
 
Commercial instrument makers at the beginning of the 19th century were want to describe 
their products as ‘perfected’, the implication being that you weren’t going to purchase ones 
much better or, at best, only minor improvements were likely to be made in the future.  How 
wrong they were in respect of telescopes.  Early 19th century instruments were small, 
frequently mechanically flimsy, had no sidereal drive and the opticians had no concept of 
diffraction limited resolution.  Much was improved over the 19th century but far more was to 
come in the 20th century.  We would see telescopes up to 10 m diameter; the best accessible 
sites in the world utilized; new optical configurations exploiting new materials, segmented 
mirrors, active optics and adaptive optics. Stellar spectrographs would come of age and other 
ancillary techniques such as polarimetry and time resolved imaging would be developed 
almost from scratch; computer control would be used for positioning, mirror shape 
adjustment, electronic imaging and image processing; telescopes would be launched into 
space and multi-national ventures would be the norm in professional astronomy. 
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The Hooker Telescope 
 
Fig 21.  The 100 inch Hooker telescope on Mount Wilson. 
 
From 1917 to 1948, 
the Hooker telescope 
on Mount Wilson 
was the world’s 
largest telescope with 
a 100 inch (2.5 m) 
diameter mirror.  It 
has had many 
highlights in almost a 
century of operation.  
One of them was the 
work of Hubble, 
Slipher and others 
that made clear in the 
1920s the expansion 
of the universe.  The 
telescope was 
awarded world 
landmark status by 
the American Society 
of Mechanical 
Engineers and Fig. 21 
highlights very clearly that mechanics are no less important for a telescope than its optics. 
 
Mount Palomar 200 inch Hale telescope 
 
Conceived and planned in the late 1920s, the successor for the mantle of ‘world’s largest’ 
optical telescope took 20 years to see first light.  It was the first telescope where an observer 
could operate a camera at the prime focus -  no easy job sitting exposed to severe cold at the 
top of a mountain in an open cage.  Apparently electrically heated trousers of the kind worn 
by aviators in open-cockpit planes were the order of the night. 
 
For more than a century, equatorial mounts had been used in all large telescopes and the Hale 
telescope was no exception.  In this design there is a fixed bearing aligned exactly North-
South and tilted up parallel to the Earth’s rotation axis.  Only one rotation of the telescope is 
needed to follow the movement of a star.  In various observatories there are symmetric and 
asymmetric mounts, with no one preferred design.  For the Hale telescope with its mirror of 
200 inches (just over 5 m) in diameter the weight of the yoke and telescope is 530 tonnes.   
Making a tilted bearing for that weight with a low enough friction that smooth motion to a 
fraction of a second of arc rotation can be obtained was a real challenge.  Looking ahead in 
time, modern control techniques have allowed the new generation of large telescopes to be 
alt/az mounted, with the vertical weight being mainly taken by one large bearing in a 
horizontal plane.  Modern telescopes look different. 
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The VLT 
 
Fig. 22.  One of the group of 
four 8.2 m telescopes 
composing the Very Large 
Telescope in Chile run by ESO 
(European Southern 
Observatory).  A technician is 
on the platform near picture 
centre. 
 
The Very Large Telescope 
consists of four inter-connected 
8.2 m dishes of which one is 
shown in Fig. 22.  The 
collecting area of one 8.2 m 
dish is about a million times 
greater than that of a dark 
adapted eyeball.  We have two 
eyeballs but the VLT has four 
dishes; moreover, they can point 
independently in different 
directions.  The VLT is the 
flagship instrument of the 
European Southern 
Observatory, located in the 
Atacama Desert of northern 
Chile.  The size of the 
instrument is indicated by the 
technician near the centre of the picture. 
 
The best sites 
 
Long gone are the days when London, Paris, Bonn, Vienna, St Petersburg were suitable for an 
astronomical observatory.  Even the next generation of sites like the Pic-du-Midi and Mount 
Hamilton are not the best in the world.  The very best sites, with minimal cloud cover, steady 
seeing and minimal atmospheric interference are high and dry.  The energetic and perceptive 
Scottish astronomer Piazzi Smyth appreciated this in the 1850s, proving his point by taking an 
18 cm equatorial to the well-named Alta Vista site in Tenerife, 3250 m above sea level.  
There are comparatively few excellent sites in the world that are feasibly accessible and they 
have each been accumulating a suite of telescopes, not least because of the capital cost of 
installing services and facilities in otherwise uninhabited places.  For example, the top of 
Mauna Kea in Hawaii houses an international array of at least 10 telescopes, including the 
two 10 m diameter Keck instruments. 
 
New Optics 
 
What has made improved optical configurations possible has been the ability to make 
aspheric components to phenomenal accuracy.  Surfaces accurate to 1/20th of the wavelength 
of light are expected nowadays, i.e. to a tolerance of about 25 nanometres.  As an alternative 
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to the Gregorian system mentioned earlier, some 10 years later Cassegrain proposed a variant 
with a convex secondary mirror instead of a concave mirror.  The main effect of this is to 
produce a shorter instrument, which one would have thought better but Cassegrain’s idea was 
strongly criticised by Newton as a deeply flawed concept and dumped into obscurity as a 
result.  In fact it was Newton’s criticism that was flawed but the damage had been done.  
Cassegrain has been rescued from obscurity and most large modern telescopes are based to 
some extent on Cassegrain’s basic design.  I’ve highlighted two modern variants. 
 
The Hale telescope is a true Cassegrain design, with parabolic primary and, if used, 
hyperbolic secondaries.  Theory tells us that a parabolic mirror produces an ideal image for an 
on-axis object at infinity, which is true.  What happens off-axis?  The Hale telescope has a 
primary of focal length 660 inches (about 17 m).  The field of good definition at the primary 
focus, where most photography is done, is about 1 cm.  In reality a corrector lens is usually 
added in front of the image to enlarge this area.  Nonetheless, big telescopes of traditional 
design typically have an extremely small field of sharp view.  1 cm over 17 m is about 2 
minutes of arc, less than a grain of salt held out at arm’s length.  You would never buy a pair 
of binoculars that showed only 10 times this field of view sharply.  Several 20th century 
telescope designs give a much bigger field of view. 
 
The Ritchey-Chrétien configuration uses two hyperbolic mirrors to eliminate low-order coma 
that otherwise stretches out the images of off-axis objects.  The design is completely 
achromatic but does have other residual aberrations.  It is also very sensitive to misalignment 
of components but many of the large professional telescopes use it.  The Hubble Space 
Telescope is one example; others are the VLT telescopes and the twin 8 m Gemini 
instruments. 
 
Bernhard Schmidt was an astronomical mirror maker of great repute.  In 1926 he was 
persuaded to join in the work of the Bergedorf Observatory near Hamburg and spent much 
time thinking about how to improve the off-axis performance of telescopes.  One source says 
“It is on record that he spent much time at this period roaming the woods around Bergedorf 
and talking to himself.  Fortunately for optics, no-one attempted to interfere with these 
activities.” 
 
The basic Schmidt telescope has the corrector lens at the centre of curvature of the primary 
mirror and a photographic plate at the prime focus.  There is no secondary mirror.  
Professional observatories use this design.  The Schmidt-Cassegrain is popular with amateur 
astronomers.  It uses a thin aspheric corrector plate just in front of the secondary mirror to 
almost correct for spherical aberration and reduce other aberrations.  The mirrors are 
spherical.  Fig. 23 shows the general layout.   
 
Fig. 23. Schematic 
diagram, not to scale, of 
the Schmidt-Cassegrain 
configuration popular 
with amateurs and local 
astronomical societies. 
 
The concept is not 
unlike using a pair of 
spectacles to correct defects in our own vision, in the sense that the supplementary lens 
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reduces the point image spread at the detector.  The corrector plate gives the Schmidt 
telescope a field of view that can be at least 5 degrees wide, even wider than a typical pair of 
binoculars, ideal for photographic survey work, galactic imaging etc.  There are some notable 
Schmidt telescopes, the largest of which is 2 m in diameter. 
 
New techniques 
 
Accompanying new optical designs in the 20th century have been new fabrication techniques. 
These included vacuum coated reflecting surfaces and, comparatively recently, the use of low 
expansion ceramic instead of glass as a substrate.   
  
Single mirrors have been made up to about 8 m in diameter.  To cut down on weight, larger 
mirrors have a rib structure.  Even so, the 200 inch Hale mirror weighs about 13 tons.  Stand it 
up on its edge and it will deform into an ellipsoidal shape; turn it round through 90º and the 
ellipsoid changes.  Active correction for natural distortions as the telescope is moved is a 
necessity and this was done in the Hale telescope by a system of struts and moving weights 
behind the ribs that compensated for the changing strain induced by the mirror’s own weight.  
In today’s large telescopes, the connected sections are moved by computer-controlled 
actuators and the arrangement is known as active optics. 
 
An example of how sensitive mirrors are to mounting was given a century earlier by Lord 
Rosse’s speculum reflector.  It was 6 feet in diameter, 6 inches thick, 4 tons of material about 
as rigid as wrought iron.  Yet Rosse reported that the strong pressure of a man’s hand at the 
rear was enough to noticeably distort a stellar image. 
 
The largest mirrors are truly modular.  For example, the 10 m Keck mirrors are physically 
made in a mosaic of 36 separate 1.8 m segments of a single parabolic surface, kept in place by 
an electronic alignment and control system.  The precision of the alignment is 4 nanometers.  
Shaping the segments was quite a technological challenge in itself. 
 
Modern astronomy is now a synthesis of optics, mechanics and electronics.  Electronics 
controls the shape of the telescope (unconsciously as far as the astronomer is concerned); the 
orientation of the telescope; image acquisition; image storage, image processing and 
dissemination.  When telescopes were first invented the image acquisition system wasn’t part 
of the instrument; now it is. 
 
Adaptive optics 
 
‘De-shimmering images’, ‘taking out the twinkle’, ‘straightening starlight’, call it what you 
like but adaptive optics is arguably the single most important innovation in telescope design 
in the last couple of decades.  Stellar images in large telescopes don’t twinkle like they do in 
our eyes because the large telescope samples many turbulent cells in the atmosphere, which 
smoothes out the twinkles but not the spread of light over the image field.  Our eye samples 
just one turbulent cell at any height. 
 
Adaptive optics is a system of compensating for the effects of atmospheric turbulence.  
Within the telescope, image forming light is reflected from a nominally plane mirror that is 
composed of many slightly deformable elements (typically 200 – 2000).  These elements can 
be rapidly changed by small amounts, just a few microns, but enough to provide the opposite 
misdirection to that introduced by the turbulent atmosphere.  The system uses a reference star 
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(or an equivalent stimulated emission in the upper atmosphere generated by a laser beam) to 
monitor the twinkle and hence control the whole image.  It works best for longer wavelength 
images, IR in particular, and for telescopes with a narrow field of view where the light is 
essentially traversing the same part of the atmosphere in the same direction across the field of 
view.  Adaptive optics was initiated by the military in the late 70s but astronomers have been 
taking it forward over the last 3 decades to the extent that ground-based telescopes are 
producing pictures of comparable resolution to those from the Hubble Space Telescope.  
 
Stellar spectroscopy 
 
I’d hazard that spectroscopy has contributed more to astronomical knowledge than imaging, 
though of course it’s not a question of one or the other.  Two of the world’s largest new 
telescopes (the effective 9.2 m Hobby-Eberly in Texas and the 11 m SALT in South Africa) 
have been built specially for spectroscopy.  I can only plead by way of an apology for giving 
spectroscopy one short section that I’m treating the spectroscope as an attachment to a 
telescope.  My one example citing how spectroscopy has evolved is taken from the Anglo-
Australian Schmidt telescope, which has been one of the most productive telescopes 
anywhere.   
 
Spectroscopy used to be done on this telescope with an objective prism, 1.2 m in diameter and 
prism angle 44 minutes of arc, that was placed in front of the corrector plate.  Each image was 
spread out into a low resolution spectrum on the image plate but a spectrum that could be 
contaminated by other images or background that it covered.   
 
The modern development is highlighted in Fig. 24.  A robotic arm places fibre-optic pick-ups 
at places on the image surface where spectra are wanted.  The stellar or galactic image light is 
then conducted away to a fixed medium resolution spectrograph whose output is picked up by 
CCD and displayed on a computer screen.  By the end of the 20th century, this system had 200 
fibres and the resulting ‘image’ in the spectrograph displayed 200 clean spectra.  A larger 
system was developed this century and a decade later, new builds elsewhere are being planned 
with 2000 simultaneously collected spectra. 
 
 
 
Fig. 24.  Example of late 
20th century automated 
spectrographic pick-up 
where light fibres placed 
over selected images in 
the focal surface 
transport the image 
forming light to a remote 
spectrograph for digital 
spectral analysis and 
recording.  Courtesy 
AAO. 
 
 
 
 



©JSR 2009  400 years of the telescope 

 15/16

The Hubble Space Telescope 
 
No coverage of 400 years of the telescope should omit a mention of the Hubble Space 
Telescope, simply known as the HST, a joint NASA and ESA mission.  Ask the ‘man or 
woman in the street’ to name a famous telescope and my guess is that the Hubble Space 
Telescope would top the list or at least gain instant recognition by many when mentioned.  
Few professionals would argue with the verdict that it has been one of the most important 
observatories in the history of astronomy.   
 
Space-based telescopes moved from the realm of dreams to possibility with the development 
of rocket power in World War II.   Lyman Spitzer (after whom the Spitzer IR space telescope 
is named) is credited with pushing the concept from the 1940s.  Small space telescopes were 
launched in the 1960s.  After a not unfamiliar on-off-on funding scenario for the development 
of a multi-purpose large instrument, polishing the Hubble main mirror was begun in May 
1979.  One of the advantages of working in space is that the telescope would cover some of 
the UV as well as the visible and the near IR.  The shorter wavelength of the UV required a 
mirror polished to an accuracy of 10 nm.  For various reasons, including the Challenger 
disaster, the HST wasn’t finally launched into a nearly circular low-earth orbit until April 
1990.  The Hubble telescope remains the only astronaut serviced space telescope.  Had it not 
been so, then few people would now have heard of it because an error in testing the main 
mirror resulted in it having a point spread function of about 10 times its design intent, making 
it no better than a terrestrial telescope.  It’s an interesting story of how a successful corrective 
optics module was installed at the first servicing mission in 1993 at the expense of one of the 
instruments but that subsequently replacement instrument parts included their own corrective 
optics and the 1993 corrective module has now been taken off. A replacement instrument, a 
UV spectrograph, has been slotted into the vacant space.  The 4th and final servicing mission 
in May 2009 has given the telescope another 5 years of planned life.  The HST teams have 
been exemplary in releasing images and explanatory context to the public, so much so that 
had it not been for public support around the world, the 4th servicing mission would most 
likely not have gone ahead.  The public have paid, but they feel they have got their money’s 
worth and there is a lesson here for all of big science. 
 
In fine 
 
This two-part article has attempted to cover major developments of the astronomical 
telescope, illustrating trends by examples.  Undoubtedly, another author would have varied 
the emphasis and chosen some different examples.  There are a lot to choose from.  A modern 
research telescope is a platform for a raft of associated instruments whose performance 
largely dictates the work done by the telescope.  My overview has scarcely covered the 
evolution of ancillary devices both small and large, devices such as eyepiece micrometers, 
photometers, polarimeters, spectrometers and image recording devices, and specialisms such 
as zenith sectors, solar telescopes and interferometry. I’ve ignored the expansion of the 
concept to other electromagnetic wavelengths, from γ and X-rays down to radio waves, a 
spectral range outside the visible that includes three of NASA’s four Great Observatories, the 
4th being the HST.  I haven’t looked at 21st century developments that are certain to bring 
larger telescopes, even more impressive survey instruments, imaging of extra-solar planets 
and, I would bet, telescopes on the Moon (is there anywhere better for a large robotic 
instrument?).  Nevertheless, in 400 years to date, the telescope has evolved from an 
apparently simple device of two lenses in a pasteboard tube that with a bit of skill one could 
make at home to one of the most sophisticated, precise and technologically challenging 
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devices on the planet, and indeed off it.  The International Year of Astronomy has been a 
good time to look back on this evolution and marvel at what has been achieved.  Our 
understanding of the Universe has been transformed by this one instrument.   
 
JSR 


