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In the beginning 
 
This is one version of the story, for many could be written, of a simple device invented at the 
dawn of modern science.  It is the story of the instrument itself more than the story of its 
achievements.  Many simple devices have been invented that have remained simple, but not the 
telescope.  Every contemporary reader will know that 2009 is the ‘International Year of 
Astronomy’, designated by UN mandate as a year chosen to key in with the history of the 
astronomical telescope, an instrument that has done more than any other to change mankind’s 
view of our place in the Universe.  It is an appropriate time to look back at how the telescope 
has evolved. 
 
400 years takes us back to 1609, a momentous year for the astronomical telescope but not quite 
to the origin of the instrument itself.  Many devices invented in the past couple of centuries 
have a clear and well documented origin.  Think of the telephone of Graham Bell, the electric 
light bulbs of Edison and Swan, the engine of Rudolph Diesel, and so on.  Not so the telescope.  
I think it’s true to say that there are at least three reasons why the origin of the telescope is 
visible only through a haze of circumstantial documentation.  One is that the performance of 
early attempts was so poor that the real potential of the device was not seen; secondly those 
who first produced magnified images failed to develop the concept of the telescope as a device; 
thirdly, those who had glimpsed the concept realised the implicit military value of a successful 
instrument.  The ability to see an opposing army or ships as clearly as if you were, say, even a 
few times closer than your actual position would have given an enormous advantage, if it could 
have been effected well.  You will still recognise the old name of ‘spyglass’. 
 
Early telescopes were broadly speaking a tube holding two lenses.  It had been known since 
antiquity that even a tube on its own could help one see distant objects a bit more clearly.  This 
may be a red-herring in the history of the telescope but it’s certainly true.  If the only other 
components needed are two lenses, why wasn’t the telescope invented earlier?   
 
This may seem like a digression but it raises a point about telescopes that is relevant to their 
entire history.  The idea of putting two lenses in a tube at such a separation that in combination 
they produce a magnified image probably does go back to the 1500s.  It would have been an 
idea that was born of tinkering with lenses and not an idea of a theoretician, since there was no 
general theory of lens imaging in those days.  However, making it work well was almost 
certainly beyond the materials available.   Lenses were not common items.  In the 1500s, more 
or less the only device using lenses was a pair of spectacles, and they were a rarity.  It is 
indicative that The Worshipful Company of Spectacle Makers, the professional body of the 
trade in technologically advanced England, wasn’t founded in London until 1629.  Concave 
lenses, the lenses of the first eyepieces, were themselves a comparative rarity among spectacle 
lenses, for they are needed only by people who can focus well on objects close at hand but also 
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need to see distant 
objects in fine detail.  
Moreover, there is a 
good optical reason 
why two spectacle 
lenses of 16th century 
quality would have 
made a very poor 
telescope even though 
they had useable focal 
lengths.  The first 
illustration (Fig. 1) 
shows why. 

 
Fig. 1 Raytrace 
diagrams illustrating 
how imaging in 
spectacles and 
imaging in a telescope 
objective make different use of a lens. 
 
With a spectacle lens, only a very small part of the lens is used at any one moment, a part that 
is about as large as the pupil of your eye, a few mm across.  If each part a few mm across is 
working well, you will see a clear image.  In fact a spectacle lens didn’t need to be particularly 
good at all to be welcomed by someone who couldn’t see clearly.   
 
For a telescope objective lens to work well, the entire lens must image the object point, say a 
star, to exactly the same image point.  If a spectacle lens of just 25 mm across is used as a 
small telescope objective, it must work satisfactorily over its entire area of 490 mm2 and not 
just over 10 mm2 at a time needed to make it a workable spectacle lens.  To make matters 
worse, a star is the most unforgiving of all objects to image.  In fact for several centuries, 
astronomical telescopes were the most accurate objects made by mankind.  The main lens, 
or mirror in later telescopes, 
should ideally be shaped 
accurately to at least a tenth of a 
micron.  This is some thousand 
times more accurate that the 
craftsmanship needed to 
manufacture most everyday 
objects.  Such accuracy wasn’t 
achieved for a long time but 
even so the history of the 
telescope is a history of design 
evolution and craftsmanship of 
the highest order. 
 
Fig. 2 Drawing of a spectacle 
dealer, circa 1600.  Middleburg 
contained a fine glass 
manufactory, established by an émigré Venetian in the 1580s. 
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In 1608, Hans Lipperhey, a Dutch spectacle maker in Middleburg, travelled to the capital of the 
Dutch Republic in the Hague and made an application for a patent for his telescope.   
 
Lipperhey demonstrated his tube, a device with a magnification of about ×3, to assorted high 
officials and visitors who were there for a peace conference.  The novelty of Lipperhey’s 
device was that it performed quite creditably and brought home to the dignitaries that a 
spyglass could deliver the magnified view promised.  He was offered 300 florins to make an 
improved version using a rock-crystal lens (indicative that his objective lens was significantly 
flawed) with another 600 florins promised on delivery.  He did not, though, get his patent or 
the pension for life he was asking for, because at least two other artificers claimed to have 
made similar devices.  Nonetheless, the secret was out and Dutch telescopes were made in 
moderate numbers and disseminated across Europe and to some of the Dutch colonies.  A 
practical spyglass, at least, had been born, probably with a magnification of about ×3, given the 
lenses of the day. 
 
I’m tempted to add here a comment that various Elizabethans and 16th century contemporaries 
are sometimes credited as unsung inventors of the telescope but it’s one thing to describe how 
after tinkering with lenses and mirrors you have been able to see clearly ships or other distant 
objects and another to have the concept of a self-contained device that can be manufactured, 
packaged for a target audience and sold to perform a clear function.  In other words, a 
telescope is more than a magnified image produced by a combination of optics.  For inventing 
the device as a marketable package, I believe the Dutch have it. 
 
Galileo 
 
1609 was the year Galileo first turned his own telescope to the heavens.  Galileo was born in 
the same year as William Shakespeare.   He was an academic who at different times in his life 
had posts in Pisa and Padua Universities and a personal retainer by the Medicis in Florence.  
He discovered things rather quickly once he had made his first successful telescope.  After a 
few early trials he had a tube about a metre long with lenses at both ends.  He pointed it at the 
heavens, looked though it and engaged his brain. 
 
What Galileo saw was not much different from what we would see through a pair of powerful 
binoculars, except that we will get a wider field of view and see things more sharply than 
Galileo ever did.  He saw: mountains and valleys on the Moon; sunspots; thousands more stars; 
four moons of Jupiter – the Galilean moons; the complete set of phases of Venus, a sequence of 
images different from that predicted by the old Ptolemaic view of planetary orbits. 
 
Good for him, you may think; Bravo! Surely his contemporaries were delighted.  Galileo 
himself probably thought so, for unlike his possible predecessors he published the results of his 
telescopic observations, with some flamboyancy.  In fact, many of his contemporaries were not 
a bit delighted.  The story of what happened to Galileo is one of the seminal stories in the 
history of science.  However, it’s a story that takes us away from the instrument itself.   What 
exactly was Galileo’s telescope like? 
 
Galileo’s optics was the same as that used in the early Dutch telescopes, namely a convex 
objective lens (Galileo used a plano-convex objective) and a concave eyepiece.  This 
arrangement produces an upright image with a magnification determined by the ratio of focal 
lengths.  For example a long focal length spectacle lens of focal length 500 mm followed by a 
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short focus concave spectacle lens of focal length 150 mm gives a magnification of just over 
×3.  This is about what the early Dutch telescopes had.  The overall length of the telescope is 
the difference in their focal lengths, 350 mm in the Dutch example, or quite short.  Galileo’s 
optical contribution was to make his own lenses and give the objective lens a focal length 
nearer 1 m and the eyepiece lens a focal length nearer 50 mm.  This raised the magnification to 
×20, and the tube was correspondingly longer. 
 
On paper the device looks to be a perfectly viable instrument that gives a magnified image but 
this optical arrangement is not the best, as we shall see.   
 
Before leaving Galileo, this is a suitable place for a brief digression on the name ‘telescope’.  
It’s derived from Greek and yet no Greek has come into the story.  Up to 1610, several names 
were used for the new device, none of them ‘telescope’.  To cut a long story very short – there 
is an entire book on how the telescope got its name – it seems the name was suggested by John 
Demisiani, a Greek mathematician in the employ of one of the Cardinals, at a banquet in 
Galileo’s honour in April 1611.  Galileo had not yet become the bête noir of the Catholic 
establishment. 
 
Enter Johannes Kepler 
 
Kepler was Imperial Mathematician to Rudolph II in Prague and in 1604 had published the first 
book on Optics in Europe that one could call modern.  In 1611 he published his Dioptrice, a 
follow-up that set out a description of the behaviour of light rays and how lenses imaged.  He 
proposed an alternative arrangement of lenses for a telescope using two convex lenses.  In 
Kepler’s telescope, the image is inverted, the magnification is given by the same ratio of focal 
lengths and the whole thing is physically longer, being the sum of the focal lengths.  Having 
the image upside down doesn’t really matter in astronomy, for there is no right way up.  
Circumpolar star patterns turn over every 12 sidereal hours; the appearance of star patterns, 
planets and the Moon turns upside down if you view them from the southern hemisphere 
instead of the northern hemisphere, and vice-versa.  The extra length, though, may seem a 
disadvantage but Kepler’s arrangement has a hidden advantage over Galileo’s optics. 
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Fig. 3 Raytrace imaging in a Galilean and a Keplerian telescope of the same magnification.  
The final diagram shows how the full pencil of light from off-axis objects in a Keplerian 
telescope passes through the exit pupil, which should coincide with the observer’s eye pupil.  
Note also that the imaging of the two versions of the telescope with the same magnification, 
clearly show that Kepler’s version has to have a longer tube for the same magnification. 
 
The final part of Fig. 3 shows the imaging of two objects, one of which is above the centre-line 
and the other below.  The light from all such objects ends up passing through the same area 
behind the eyepiece called the ‘exit pupil’.  This is very convenient, for if the pupil of the 
observer’s eye is placed there then the observer will see all the light that comes through the 
telescope from the off-axis objects.  It is not hard to make sure the exit pupil is well situated so 
you can rest the telescope on your brow and the telescope exit pupil coincides with your eye 
pupil.  In the Galilean or Dutch design, the exit pupil is formally inside the telescope where 
you can’t put your eye, with the result that off-axis objects are necessarily seen less brightly 
and you may need to move your telescope or your eye, or both, around to catch sight of them.  
This is not what you want when you’re trying to sell the telescope concept to a sceptical 
audience, as Galileo was.  One resulting feature of the Keplerian design is that it has a wider 
field of view.  In Kepler’s design, you extend the tube length to project an image of the Sun 
onto a sheet of paper placed behind the eyepiece to observe sunspots.  In Galileo’s design, the 
tube is pushed in to achieve the same effect and the optical arrangement morphs into that of a 
telephoto lens.  The practical advantage of Kepler’s design is so great that the Galilean 
telescope disappeared rapidly from the scene. 
 
Rheita’s erector 
 
Anton Rheita was a philosophy professor in Trier, now in Germany, who is remembered for his 
contributions to astronomy and for his collaboration with Johann Wiesel, one of the 17th 
century’s foremost telescope makers.  In a book on optics and astronomy published in 1645 he 
described his image inverter for the Keplerian telescope.  It’s quite clever, being essentially a 
telescope of unit magnification placed inside a telescope.  For reasons that Rheita didn’t know, 
it is the configuration of choice in all modern erecting telescopes that use lenses and not 
erecting prisms. 
 
So by the mid 17th century the 
optical configurations of 
telescopes astronomical and 
terrestrial were in place.  You 
might have expected the device 
to evolve to a high degree quite 
quickly.  That did not happen.  
As has been said often in 
connection with technological 
devices – the devil is in the 
detail.  
 
17th century telescopes 
 
Fig. 4   Mid 17th century 
evolution: the age of the long, 
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very thin telescope, epitomised by Hevelius’s construction over 40 m in length depicted in his 
‘Machina coelestis’. 
 
If you want to see far-off objects on land in more detail, you need more magnification for your 
telescope.  If you want to see more detail on the moon or planets, then it’s most natural to build 
telescopes with more magnification.  From the formula for magnification, that means longer 
telescopes. 
 
It’s hard to imagine using such a device on a moving target in the sky such as the moon or a 
planet.  Hevelius must have done so from his hometown of Gdansk in Poland, for he did 
produce much better charts of lunar features than Galileo.  Long, thin astronomical telescopes 
were characteristic of the 17th century.  Chromatic aberration is part of the detail that the devil 
puts in the way of making a good telescope.  It’s often repeated that these long focal length 
instruments showed reduced chromatic aberration.  In fact a long focal length spreads out the 
coloured images more than a short focal length lens of the same glass does. 
 
The Moon was a popular subject in the 17th century.  It was commonly imagined then that the 
Moon might be inhabited.  The famous Robert Hooke, a contemporary of Newton, speculated 
that one crater he saw through his telescope and drew in detail in his notes might contain Grass, 
Shrubs, and Trees; and most of these incompassing Hills may be covered with so thin a 
vegetable Coat, as we may observe the Hills with us to be, such as the Short Sheep pasture 
which covers the Hills of Salisbury Plains.  This is a nice illustration of how misleading it can 
be to assume our predecessors interpreted telescopic images in the same way we do. 
 
Christiaan Huygens 
 
Christiaan Huygens was one of the greatest Dutch scientists of all time.  He built his own 
telescopes with his brother, grinding their own lenses that were arguably the best in his era.  
His discovery of Titan was made with a telescope of about 50 mm objective lens diameter.  
Huygens introducing into telescope design an element that is essential for a decent image, 
namely an eyepiece made with more than one lens.  The Huygens eyepiece, which is still 
common in microscopes, divides the imaging task of the eyepiece between two lenses in such a 
way as to reduce image aberrations and even provides reduced chromaticity. Over the first two 
century’s of telescope development, the emphasis was largely placed on the telescope objective 
lens and Huygens’ attention to development of the eyepiece wasn’t followed until the late 18th 
century and well into the nineteenth century.  
 
Reflecting telescopes 
 
Fig. 5   James Gregory’s sketch from his book ‘Optima 
Promota’, 1663, the first well-known published design for a 
reflecting telescope.  AMNE is the objective mirror.  (University 
of Aberdeen Library). 

 
The mid 1600s saw the invention of the reflecting telescope.  
The first clearly described design was by James Gregory, an 
Aberdonian, near enough, who became professor at St Andrews 
and then at Edinburgh.  Gregory’s reflexive design (Fig. 5) 
folded the light path to shorten the length of the instrument and 
used a reflector instead of an objective lens to circumvent the 
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problem of prismatic dispersion of different colours by the glass 
objective lens.  His pattern consisted of a concave mirror as objective, 
specified by Gregory as parabolic, followed by a second concave mirror, 
specified as ellipsoidal, that re-imaged the light back through a hole in 
the centre of the primary mirror to an eyepiece in the rear.  He got a 
prototype of his design made in London, a centre of instrument making, 
but the maker was not able to figure the surfaces with mathematical 
precision.  Gregorian telescopes were to become fashionable only in the 
following century. 

 
Newton had been led to the value of a reflecting telescope by a faulty 
analysis of the cause of chromatic aberration.  His design, some 5 years 
after Gregory’s, with its well known flat ‘secondary’ mirror to deviate 
the path of the primary image out to the side was simpler.  He made the 
first two examples himself, experimenting on the composition of 
‘speculum metal’, the alloy of copper, tin and a little arsenic that 
became the common material for the primary mirror.   
 

Fig. 6   Artist’s impression of a laid-back Isaac Newton with his reflecting telescope, as 
depicted for F. Sherwood Taylor’s ‘Illustrated History of Science’ [Wm. Heinemann, London, 
1955]. 
 
Reflecting telescopes are today the instrument of choice for the majority of professionals and 
amateurs but they didn’t catch on when the designs were first published.  Newton’s reflector 
secured him a Fellowship of the Royal Society but it was over half a century before the first 
reflecting telescopes that challenged the refractors were made.  It didn’t help the cause that the 
prototypes looked a bit like toys. 
 
The first telescopic observatories 

 
Fig. 7  The Paris Royal Observatory, opened in 1672. 
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The last few decades of the 17th century saw the first national astronomical observatories built 
for telescopes.  First was the Royal Observatory of Paris, seen in Fig. 7, under the patronage of 
Louis XIV.  A medal issued by Louis in 1667 to commemorate the foundation displays a 
telescope prominently in the design.  The long telescope of the age, focal length 34 French feet 
(~11 m), is in the foreground of Fig. 7.  The building is large because it was built as a science 
centre, not simply as an astronomical observatory but being out of town it turned out that only 
astronomers were prepared to use it.  The first director was Jean-Dominique Cassini, famous 
for identifying the now prominent gap in the rings of Saturn and making a fine map of lunar 
features.  The bizarre wooden structure 40 m high, Paris’s pre-cursor to the Eiffel tower, was 
used to hold even longer focal length objectives. 
 
The Royal Greenwich Observatory 
 

Fig. 8  The Royal Greenwich 
Observatory, 1675. 
 
The RGO soon followed, in 1675.  
The building (Fig. 8) was mainly 
functional, including serving as a 
residence for the Astronomer 
Royal but also, according to its 
architect Christopher Wren, ‘a 
little for pomp’.  Wren had been 
Savilian Professor of Astronomy 
at Oxford so was fully aware of 
the astronomical requirements.  
In the illustration you can see the 
long telescope of the day, this 
one of 60 foot focal length on an 
80 foot mast.  The telescope was 
not a great success.  It is recorded 

that on a calm day in 1690 ‘the mast began to sway spontaneously, threatening to fall on the 
Sextant House’ and soon after it was taken down. 
 
John Flamsteed was the first Astronomer Royal and one of the first to get down to doing what 
the 17th century had conspicuously failed to do in-spite of having the tools: make a telescopic 
catalogue of the stars.  Flamsteed’s catalogue was published in the 18th century after his death.  
He had to invent a new naming scheme for stars and this he did, numbering stars in a given 
constellation from west to east.  Thus stars like 51 Peg, 26 And etc. are stars known by their 
Flamsteed designation. 
 
The illustration of the observation room (Fig. 9) shows the 3-foot quadrant in use; clocks in the 
wall, one of which survives, portraits of the patron Charles II and the future James II and the 
8.5 foot telescope supported by a ladder.  The point I want to make is that a successful 
astronomical telescope is a synthesis of superb optical design and construction, and well 
thought out, rigid, secure, ergonomic, high-quality, mechanical design.  A century after the 
invention of the telescope the concept that the mechanics were pretty well as important as the 
optics is nowhere to be seen.  It was much the same with the evolution of the microscope too. 
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Fig. 9   The stellar 
observing room of the 
Greenwich observatory 
in Flamsteed’s day.  
 
Moving on 
 
Looking back over the 
17th century, telescope 
design matured; 
telescope practice 
didn’t keep up.  
Telescope performance 
wasn’t good after a 
hundred years.  Small 
telescopes did develop 
into a recognisable 
product and some 
military use was made of them but they couldn’t deliver the wonders of seeing-at-a-distance 
that the imagination of people at the beginning of the century had credited them with.  As so 
often happens, imagination had been given a reality check. 
 
The Commander-in-Chief of the British fleets, Sir Cloudesley Shovell, whose portrait in the 
National Maritime Museum shows him holding what appears to be a telescope, had a 
significant impact on 18th century astronomy, though that was not his intention.  His arrogance 
and navigational misjudgement at the beginning of that century resulted in several men-of-war 
being wrecked on the Scilly Isles, with the loss not only of the vessels but at least 1300 men, 
himself included.  The Admiralty, under whose jurisdiction Greenwich Observatory came, 
needed improved navigational tools.  A great deal of work by astronomers and observatories in 
the 18th century was motivated by the need to be able to determine latitude and longitude 
accurately at sea.  The need for improved charts also meant correctly determining latitude and 
longitude of features on land and hence both the disciplines of navigating and surveying were 
involved. The problem of understanding how stars were distributed in space, what stars were 
and how they worked was well below the horizon. 
 
The 18th century 
 
Some 18th century highlights that drove the development of telescopes were the rise of the 
reflector; the spread of the gentleman astronomer and peripatetic lecturer, the founding of 
many more observatories; the invention of achromatic objective lenses; the importance of 
positional astronomy; the realisation by William Herschel that diameter was the key issue to 
seeing more deeply into the sky.  Incidentally, the problem of finding latitude and longitude 
accurately was solved over this century. 
 
Gregory’s and Newton’s reflectors had languished for half a century after their appearance on 
paper and attempts at proof of concept prototypes by their inventors.  The person who rescued 
both types was John Hadley who, assisted by his brothers, made workable telescopes that were 
tested against the best refractors and found as good.   
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Fig. 10 John Hadley’s 5 foot reflector, circa 
1720. 
 
His first Newtonian telescope had a 6 inch 
(~150 mm) diameter mirror and 5 foot (~ 1.6 
m) focal length and was mounted on a 
thoughtfully designed wooden stand (Fig. 10).  
The diameter of the objective was considerably 
greater than glass objectives of the day. 

 
Hadley ruled out mercury on glass as a 
reflecting surface because of the rapidity with 
which it tarnished and used speculum metal.  
Speculum metal is harder than glass and at 
least as brittle, making it quite difficult to work 
with.  Hadley also claimed to produce 
parabolic primary mirrors and introduced an 
imaging test for the quality of his specula, an important step to quality control in grinding and 
polishing.  Hadley style telescopes were made by many others throughout the century. 
 
John Hadley invented the octant, 
the key instrument for measuring 
angles at sea on the moving 
platform of a swaying ship.  The 
octant evolved into the sextant and 
small telescopes were added to 
many sextants.   
 
Fig. 11  Shooting the Moon with a 
sextant. 
 
A line of telescopes developed as 
components of other instruments 
rather than as stand-alone 
instruments.  They are found for 
example on repeating circles, 
another instrument for measuring 
angles, on surveyors’ levels and 
theodolites, on astronomical 
quadrants and later on 
spectrometers and elsewhere.  None of these developments extended the basic concept of the 
device.  
 
The mid 18th century saw the rise of commercial instrument makers capable of producing good 
telescopes.  This initiated a rapid spread of interest in astronomy to gentleman astronomers, 
from the highest echelons of the aristocracy, who could afford to buy top-of-the-range 
instruments, and did so, to squires, learned clergy and University professors.  The spread of 
telescopes in this way was fuelled by the availability of convenient and effective Gregorian 
telescopes.  Of particular note were those made by the Scotsman James Short, who started in 
Edinburgh but moved to London.  Short operated between the late 1730s and 1768 during 
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which time he and his workshop turned out a few thousand telescopes.  ‘Short’ telescopes are 
now one of the prize possessions of museums around the world.  Many other makers produced 
similar looking products, spreading the astronomical telescope to a new range of clientele. 
 
Achromatic objectives 
 
John Dollond may not have invented the concept of the achromatic objective, a combination of 
glasses that reduces spurious colouring of the images typically by a factor of about 10, but he 
was certainly the one who carried out extensive experiments with different glasses, devised a 
commercial product and sold it to the commendation of an international base of customers.  
When he died in 1761, the business which he enjoyed with his son Peter continued in 
partnership with other family members and prospered into the twentieth century.  A successor 
to the business still exists in the firm of Dollond & Aitchison, ironically purveyors of 
spectacles not telescopes.  The wheel has turned full circle from the spectacle makers of 
Middelburg. 
 
The 18th century Dollonds hadn’t solved the problem of making large objectives.  A 3-inch 
diameter objective would have been exceptionally large for an 18th century telescope.  
Refracting telescopes had not been swept away by reflectors because speculum metal, or even 
the cheaper bronze, did tarnish.  Lenses didn’t.  The importance of pushing the frontiers of 
instrument making was recognized at that time as of equal value in science to that of moving 
theory forward.  For example Hadley, Short and John Dollond were all elected Fellows of the 
Royal Society of London.  
 
There is another valuable historical lesson from this time, too.  For most of the 18th century, 
English makers of astronomical instruments, telescopes included, pretty well led the world, to 
the great financial advantage of London instrument makers in particular and indeed the 
economy of the country as a whole.  They lost this position because of a ‘crushing excise duty 
imposed on glass by the unwisdom of the Government’.  This limited production and rendered 
experiments on making larger lenses too costly.  As a result, the expertise, skill and 
commercial initiative of producing new, larger refracting telescopes moved to Germany and 
France. 
 
In our story we’re coming up for 200 years after the invention of the first telescopes but 
interestingly enough, there was still no proper and accurate theory of lens imaging.  The reason 
that telescope design was progressing so slowly over the decades was partly material 
inadequacies – glass and mirrors – partly manufacturing inadequacies – no tooling to the 
exquisite tolerances that are really required – and partly theoretical inadequacies – no proper 
target for designers to aim for.   
 
There’s an old argument in astronomy over which is best, refractors or reflectors?  As we now 
know, no shape of imaging surface will give perfect imaging over a wide field of view, one 
object point creating precisely one image point.  All images are necessarily blurred to some 
extent and the image field distorted in one way or another but with refracting lenses there is 
more scope to minimize these imperfections.  Why?  Because there are more parameters under 
the designer’s control.  A reflector with a single objective surface of a specified shape has 
essentially no free parameters after the image distance has been set.  An achromatic objective 
has 4 surfaces, each of whose radius can be varied, 2 refractive indices of the two glasses and 
the separation between the lenses can be varied a little.  That’s at least 7 parameters.  Having 
determined the image distance and the achromatic condition, there are free parameters left over 
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to reduce the image blurring and other imperfections for a range of off-axis objects.  There is, 
though, a good reason why most serious astronomical telescopes today are reflectors and that is 
part of the later story. 
 
Optics and mechanics merge 
 
The end of the 18th century saw the appreciation of the importance of the integrated design of 
mechanics and optics, for short-term and long-term stability, for the precision measurement of 
angles.  Jesse Ramsden, another FRS, was the foremost developer in this direction and his 
international order books were filled up years in advance.  Waiting 5 years for a precision 
Ramsden telescope was not unusual. 
 
William Herschel was the mid-life amateur turned consummate professional who is in this 
story because he transformed the world of serious astronomical telescopes.  He started off in 
his mid-thirties making 7 foot telescopes not all that much different from John Hadley’s 
designs.  They performed very well.  Even King George III had one.  One of our local 
Aberdeen University professors had one.  Herschel himself discovered the planet Uranus with 
one.  If it were just for these achievements, Herschel wouldn’t get a mention here. 
 
In daily life if you want to see distant objects more clearly then you get binoculars of higher 
power.  Herschel realized that this didn’t apply in astronomy.  The stars are so far away that no 
higher power is going to make any details of their surface visible and, besides, atmospheric 
disturbance limits useful 
magnification to a few hundred.  To 
see further you need a wider 
telescope, not a longer telescope.  
To some extent width and length 
are interconnected, for image 
quality deteriorates if width is 
increased without increasing length.  
Scaling up a 6 inch objective with a 
6 foot focal length by a factor of 7, 
gives a 42 inch objective with a 
focal length of 42 feet.  That’s 
pretty well what Herschel did in the 
late 1780s.  His contemporaries 
were amazed.  The device looked to 
many of them more like a piece of 
diabolical ordnance, as can be seen 
in Fig. 12.   

 
Fig. 12 Herschel’s forty foot 
telescope, finished in 1789. 

 
Herschel’s forty-foot telescope was not very productive but an earlier twenty foot version was.  
Herschel proved his point that width was more important than length by making the most 
detailed catalogue of deep space objects in his day (the basis of the future NGC catalogue and 
numbering system), enlarging the list of observed nebulae many-fold.  He drew the most 
detailed pictures of many nebulae in the sky, whose faint details were not discernable in 
smaller telescopes and was really the first person to appreciate the 3-dimensional, disk-like 
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distribution of stars making up the Milky Way, a conclusion reached from a mass of 
observational evidence.  Utilizing the greater ‘light grasp’ of his telescopes led him to conclude 
correctly that several different kinds of nebulae existed in the sky and in later life, based on his 
observations of the diversity of nebulae, he formed the opinion that the Universe was an 
evolving system.  It was a great leap forward but many of the old views and old ways died hard 
so Herschel’s example neither settled arguments about nebulae nor produced a step change in 
telescope design. 
 
Up until Herschel’s time, though, telescopes were described by the focal length of their 
objectives (e.g. 7-foot, 5 m, etc.).  After Herschel’s time, they were described by the diameter 
of the objective (e.g. the 200 inch Mount Palomar telescope or the 2.4 m Hubble Space 
Telescope).  It is amazing to reflect that in spite of the value of the astronomical telescope and 
all it showed, in spite of the number of telescopes that were made and used world-wide, in spite 
of continuous competition between manufacturers to produce better products than their 
competitors, it took some two centuries from the invention of the device before we reach what 
can reasonably be described as the dawn of the modern instrument.  Galileo and other pioneers 
would have marveled at the clarity and stability of the images seen through Dollond and 
Ramsden’s productions but not as much as Dollond and Ramsden would marvel could they see 
the images from a modern telescope.  Over the next 200 years the telescope developed almost 
out of recognition, as will be covered in the second article. 
 
JSR 
 
This article closely follows the original published in the Institute of Physics History of Physics 
Group Newsletter (ISSN 1756-168X) No. 26, pp 9 – 25, August 2009 


