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Newtonian Reflectors
For the first four decades of the 
ALPO’s existence, the 
overwhelming majority of 

members employed Newtonian 
reflectors. Justus von Liebig’s 
invention of the silver-on-glass 
mirror combined with Leon 
Foucault’s publication of the knife-
edge test in the mid-19th century 
had made powerful telescopes 
affordable for the first time and 
made it possible for significant 

numbers of 
amateur 
astronomers 
(chiefly in 

Victorian and Edwardian Britain) 
to make valuable contributions to 
lunar and planetary science. A 
vast literature appeared that 
permitted anyone with a modicum 
of mechanical aptitude and 
perseverance to grind, polish, and 
figure a Newtonian primary 
mirror. Indeed, until the 1970s 
“walking around the barrel” was a 
rite of passage for generations of 
amateur astronomers. 
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 Feature Story: 

The Recent Evolution of the Planetary Telescope: Part 2

This hereby completes Mr. Dob-
bins’ exhaustive look back at tele-
scopes used for planetary
observations. Part 1 appeared in
Journal of the Assn of Lunar &
Planetary Observers, Vol. 55, No. 1
(Winter 2013).

Figure 1: The iconic Criterion RV-6 Dynascope (left) and the 
Edmund “Super Space Conqueror” (below) were the quintessential 
serious amateur telescopes for over a generation.
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During the 1950s several firms in the 
United States appeared offering 
Newtonian reflectors of high quality 
and respectable size. Many of these 
firms were founded by amateur 
telescope makers (“ATMs”) who 
managed to turn a hobby into a 

business. By the end of the decade, the 
6-inch f/8 Newtonian reflector 
supported by a German equatorial 
mounting atop a metal pedestal had 
come to epitomize the serious 
amateur’s telescope. Prominent 
commercial examples of these simple, 

robust instruments included the 
Criterion Manufacturing Company’s 
RV-6 Dynascope and Edmund 
Scientific’s “Super Space Conqueror” 
(Figure 1). One popular guidebook of 
the era sagely advised prospective 
telescope buyers that “a 6-inch 
reflector, at half the cost, will under 
good conditions perform as well as a 5-
inch refractor and have a marked 
advantage for photography.”[1] The 
valuable work on Jupiter conducted by 
like Arthur Stanley Williams (1861-
1938) and Elmer J. Reese (1919-
2010) attests to the fact that a 6-inch 
Newtonian could be a powerful tool in 
the hands of a talented observer.

During this era focal ratios of f/7 to f/8 
was the norm and Newtonians faster 
than f/6 were rarely encountered. 
Provided that optical quality was high, 
the modest (18% to 25%) central 
obstructions and forgiving collimation 
tolerances of such instruments resulted in 
excellent performance on the planets. 
However, 10 inches of aperture 
represented the limit of portability, 
although several manufacturers offered 
“transportable” 12.5-inch instruments 
that taxed the capacity of even the 
largest station wagons. (Figure 2)

During the late 1960s, John Dobson (b. 
1915) of the San Francisco Sidewalk 
Astronomers introduced primitive large-
aperture Newtonians featuring large, thin 
mirrors (thickness-to-diameter ratios of 
1:10 to 1:15) made from porthole plate 
glass supported by a simple “sling,” 
spiral-wound cardboard tubes, and 
rudimentary altazimuth mounts made of 
plywood or particle board. While this 
approach to telescope making 
constituted nothing less than an affront 
to the sensibilities of the many ATMs 
who turned out sophisticated, beautifully 
machined instruments rivaling the 
handiwork of any commercial firm, they 
introduced a generation of amateurs to 
the performance that only large 
apertures can provide. The Dobsonian 
design was commercialized in 1980 by 
the Coulter Optical Company, whose 

Figure 2: The Cave Optical Company’s 12.5-inch “transportable” Newtonian embodied the 
limitations of the traditional design.
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compact “Odyssey” telescopes combined 
thin primary mirrors, a fast focal ratio of 
f/4.5, and low prices that no 
conventional Newtonian of comparable 
aperture could touch -- a 13.5-inch at 
$395 and a 17.5-inch for $995.

Over the years the Dobsonian has 
benefitted from an array of refinements, 
notably truss tube construction and 
tracking capability provided by equatorial 
platforms or microcomputer controls. 
Efforts to optimize the Dobsonian have 
benefitted all Newtonian reflectors, 
however.

Prior to the advent of the Dobsonian, 
commercial Newtonian reflectors 
invariably employed primary mirrors with 
a standard thickness-to-diameter ratio of 
1:6. Such mirrors are relatively easy to 
support and only require elaborate 
flotation cells in diameters larger than 10 
inches. However, the low surface area-to-
volume ratio of such a massive optic 
presents serious challenges to thermal 
equilibration, especially in rapidly falling 
evening temperatures. Until a mirror 
achieves thermal equilibrium with the 
surrounding air, a warmer boundary layer 

of convection is present near its surface. 
These “mirror currents” can degrade 
image quality every bit as much as 
atmospheric turbulence.

As early as 1972, the renowned British 
telescope maker E.J. Hysom conducted a 
careful series of experiments with mirrors 
of various diameters and thickness using 
a sensitive thermocouple.[2] Hysom 
determined that a 30mm (1.2 inch) thick 
mirror cools at a rate of 3.3°C per hour, 
while a 76mm (1.8-inch) thick mirror 
cools at a rate of only 0.9°C per hour. 
With the aid of a fan these rates could be 
increased by a factor of three.[3] Fans 
also make the air mass in the light path 
more thermally (and hence optically) 
homogeneous.[4]

Today cooling fans are integral 
components of many commercial 
reflectors and common after-market 
accessories. Combined with the thinner 
mirrors that are now the norm, they have 
all but overcome the principal 
shortcoming of the Newtonian reflector. 
The optician Robert F. Royce has 
recently introduced Newtonian primary 
mirrors of conical cross-section that have 

half the mass (and thermal inertia) of a 
conventional mirror yet do not require a 
complex flotation cell.[5] This clever 
innovation will no doubt be widely 
imitated in the future. 

In a marketplace dominated by extremely 
compact catadioptric telescopes, focal 
ratios of f/4.5 to f/5 have become the 
norm for the current generation of 
commercial Newtonian reflectors. Far 
more sensitive to miscollimation that the 
classic f/8 Newtonian, for optimum 
performance these instruments require 
careful collimation using tools and 
techniques developed in recent years.[6] 
Although such fast focal ratios were long 
regarded as ill-suited to planetary work, 
in the hands of amateurs like Wes 
Higgins they have captured superb high-
resolution lunar and planetary images.[7]

Tilted-Component 
Telescopes
Introduced in 1876 by the Viennese 
opticians Förster and Fritsch, the Brachyt 
telescope is an unobstructed reflector 
that features a pair of spherical mirrors 
tilted in such a fashion that the concave 
primary mirror is not obstructed by the 
convex secondary mirror. The 
astigmatism introduced by tilting the 
primary mirror is nullified by the 
oppositely directed astigmatism imparted 
by the similarly tilted secondary mirror. 
The Prokesch firm in Vienna produced 
Brachyts in modest apertures of 106mm 
(4.2 inches) and 160mm (6.3 inches) that 
were widely praised for their superb 
definition. Combining the perfect 
achromatism of the reflector with the 
refractor’s unobstructed light path to 
yield planetary images of unusually high 
contrast, these telescopes were produced 
until 1912 but never enjoyed widespread 
popularity. Hermann Klein (1844-1914), 
the director of the Cologne Observatory 
and author of many popular books and 
articles on astronomy, extolled their 
performance while expressing 
exasperation about their lack of success 
commercially, which he attributed 
entirely to their unconventional 
appearance.

Figure 3: Anton Kutter (upper left) optimized the unobstructed Brachyt reflector design, 
shown in schematic form at lower left. At right is the 12-inch Schiefspiegler in Kutter’s 
private observatory in Biberach an der Riss, Germany.
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An optimized version of the Brachyt 
known as the Schiefspiegler (“oblique 
reflector”) or “neo-Brachyte” was 
introduced after the Second World War 
by the German filmmaker and amateur 
astronomer Anton Kutter (1904-1985). 
(Figure 3.) After thoroughly investigating 
the aberrations of a pair of tilted mirrors, 

Kutter designed a system that features a 
concave primary mirror with a focal ratio 
of f/12 combined with a convex 
secondary mirror with the same radius of 
curvature, yielding an effective focal ratio 
of f/20 that provides a generous image 
scale ideal for lunar and planetary 
observing. In apertures exceeding 6 

inches controlling astigmatism requires 
mechanically deforming the secondary 
mirror or introducing a weak cylindrical 
lens near the focal plane. 

In modest apertures the Kutter 
Schiefspiegler was widely employed by 
German and Swiss amateurs. Details of 
Kutter’s design reached an American 
readership in the pages of The 
Strolling Astronomer and Sky & 
Telescope during the 1950s.[8] A few 
hundred specimens have been made over 
the years by amateur telescope makers, 
but the design was never produced 
commercially in the United States as a 
complete instrument, although sets of 
optics were offered by several short-lived 
firms for mechanically inclined 
customers.

During the 1960s and 1970s several 
variations on the unobstructed reflector 
theme were devised by several American 
optical designers, notably the two-mirror 
“Yolo” and “Solano” designs of Arthur 
Leonard and the three-mirror systems of 
Richard Buchroeder. Although the 
performance of “tilted component 
telescopes” or “TCTs” on the planets is 
unsurpassed, interest in these 
instruments has waned in recent years. 
The optics of tilted-component 
telescopes are challenging both to 
fabricate and to collimate. Many have 
simply come to share the opinion of the 
renowned French optician Jean 
Texereau that if the diagonal mirror of a 
Newtonian reflector is kept small, 
planetary definition is so little 
compromised that “it is pointless to 
consider eliminating the obstruction by 
such crude measures as directing the 
image off-axis.”[9] 

Cassegrain Reflectors 
The great appeal of the Cassegrain 
reflector is its remarkable compactness 
and portability. The inherent stability of 
its short, stubby tube combined with its 
large image scale make the Cassegrain 
particularly well-suited to high-resolution 
imaging despite the fact that all the 
designs suffer from a comparatively large 
central obstruction (typically 30% to 

Figure 4: Dall-Kirkam optics were used in most of the Cassegrain telescopes produced 
during the 1950s through the 1970s, including this 10-inch f/16 instrument made by the 
Cave Optical Company.
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40%) that perceptively impairs the 
contrast of delicate planetary markings. 

The classical Cassegrain design employs 
a concave parabolic primary mirror and a 
convex hyperbolic secondary mirror. Not 
only are these aspheric optical elements 
difficult to figure, they must be tested as a 
combination rather than separately, 
typically under autocollimation against a 
reference flat mirror at least as large as 
the primary mirror. Consequently, 
fabricating a set of classical Cassegrain 

optics has always represented a daunting 
task to all but the most talented amateur 
telescope makers and entails far more 
effort than making a Newtonian reflector. 
It is little wonder that the first volume of 
Scientific American’s classic series 
Amateur Telescope Making featured 
a chapter entitled “How to Make a 
Cassegrain (And Why Not To).”[10] As 
late as 1923 the prominent British 
amateur Captain Maurice Anderson 
Ainslie (1869-1951) lamented that he 
knew of “no Cassegrain reflector of 

moderate aperture – say 8 or 10 inches – 
in regular use.”[11] 

During the early 1930s a variant of the 
Cassegrain that is much easier to figure 
and test was independently invented by 
Horace Dall (1901-1986) in Britain and 
Alan Kirkham (1909-1968) in the United 
States. The Dall-Kirkham design 
combines a concave ellipsoidal primary 
that can be null tested at its conjugate 
foci with a convex spherical secondary 
mirror that can be tested by interference 
fringes against a concave reference 
surface of the same radius of curvature. 
The vast majority of the Cassegrain 
reflectors produced by firms like the 
Cave Optical Company, The Optical 
Craftsmen, Coast Instruments, and 
Tinsley during the 1950s through the 
1970s employed Dall-Kirkham optics 
(Figure 4). The design was revived in the 
1990s by the Japanese firm Takahashi 
under the trade name “Mewlon.” 
Produced in apertures of 180mm (7.1 
inches), 210mm (8.3 inches) and 
250mm (9.8 inches) with a focal ratio of 
f/12, these hand-crafted instruments 
feature comparatively modest central 
obstructions of as little as 28% and enjoy 
an excellent reputation among ardent 
planetary observers.

Maksutovs
The May 1944 issue of the Journal of 
the Optical Society of America 
featured a paper by the Russian optician 
Dmitri Maksutov (1898-1964) describing 
how meniscus lenses could be 
incorporated into a wide array of 
reflecting telescopes, permitting simple, 
easily fabricated spherical mirrors to be 
employed.[12] The Cassegrain 
configuration proved to be particularly 
well-suited to Maksutov’s invention. The 
secondary mirror can be supported by 
the meniscus lens, eliminating the 
diffraction effects introduced by spider 
supports. Alternatively, a central spot on 
the surface of the meniscus lens can be 
aluminized to serve as the secondary 
mirror, a very attractive mode of 
construction because it eliminates the 
need for a third optical element.

Figure 5: A 5-inch f/20 Maksutov made by John Gregory riding piggyback atop a 4-inch 
refractor. This compact instrument created a sensation when it was displayed at the 1956 
Stellafane convention.
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In 1950 the American entrepreneur 
Lawrence Braymer (1901-1965) 
founded the Questar Corporation of New 
Hope, Pennsylvania for the express 
purpose of producing Maksutov-
Cassegrain telescopes. The now classic 
3.5-inch Questar entered serial 
production in 1954. Featuring an 
equatorial fork mounting with integral 
motor drive and a fitted leather case, the 
exquisite optical and mechanical quality 
of these jewel-like instruments soon 
earned them the reputation as the “Rolls 
Royce of telescopes.” However their 
high price ($795 in 1954, corresponding 
to almost $6700 in 2012 currency) 
restricted sales to government agencies, 
educational institutions, and very wealthy 
individuals. A scaled-up 7-inch 
instrument was introduced in 1967, 
followed by the made-to-order Questar 
12 in 1979.

The success of Questar inspired John 
Gregory (1927-2009) and Allan 
Mackintosh (b. 1911) to found the 
Maksutov Club in 1956. (Figure 5) This 
organization disseminated detailed 
optical specifications, shop techniques, 
and test procedures to amateur telescope 
makers and did much to promote the 

excellent reputation of the Maksutov-
Cassegrain design. Nevertheless, Questar 
faced little competition. The California 
firm of Tinsley produced a small number 
of 5-inch Maksutov-Cassegrains during 
the 1960s, and several hundred 4- and 
6-inch instruments were produced by 
short-lived firm Optical Techniques, 
founded in 1976 by disgruntled Questar 
employees. 

Following the dissolution of the Soviet 
Union in 1991, Maksutov-Cassegrains 
produced by the Russian firms Intes (later 
Intes-Micro) and LOMO appeared on the 
market. Combining high optical quality 
with affordable prices, these instruments 
enjoyed immediate commercial success 
that inspired Meade Instruments to 
introduce the ETX family of inexpensive 
Maksutov-Cassegrains telescopes in 
1996. During the last decade several 
Chinese firms have introduced an array 
of Maksutov-Cassegrains and all but 
eclipsed their Russian and American 
competitors.

Russian manufacturers supplemented 
their line of Maksutov-Cassegrains with 
Maksutov-Newtonians in apertures of 4 
to 8 inches. Featuring focal ratios of f/6 

to f/8 and comparatively small central 
obstructions, these instruments offer 
planetary performance rivaling 
apochromatic refractors of similar 
aperture. Curiously, interest in this 
design has waned in recent years, no 
doubt in large measure due to the fact 
that the Maksutov-Newtonian is not 
nearly as compact as its Cassegrain 
counterpart.

In apertures up to 8 inches or so both the 
Maksutov-Cassegrain and the Maksutov-
Newtonian have earned an excellent 
reputation among ardent planetary 
observers. However, the performance of 
larger Maksutovs has almost invariably 
proved disappointing because the thick, 
massive meniscus lens has considerable 
thermal inertia and achieves thermal 
equilibrium with the surrounding air quite 
slowly, even with the aid of fans.

Schmidt-Cassegrains
The April 1962 issue of Sky & 
Telescope contained an article by R.R. 
Willey describing an unusually compact 
Schmidt-Cassegrain telescope consisting 
of a thin aspheric Schmidt corrector 
plate located near the focal plane of a 
fast spherical primary mirror rather than 
at its radius of curvature as in previous 
instruments of this type.[13] Willey’s 
article inspired Thomas Johnson (1927-
2012), the owner of a California 
electronics firm and an amateur 
telescope maker, to devise a proprietary 
method of producing Schmidt corrector 
plates from inexpensive float plate glass 
in large quantities at low cost. By 1965 
the first Celestron Schmidt-Cassegrain 
telescopes (“SCTs”) appeared on the 
market. (Figure 6) Equipped with 
equatorial fork mounts reminiscent of the 
Questar, these instruments were initially 
offered in apertures of 10, 12, 16, 20, 
and 22 inches. Intended for the 
institutional and professional market, 
they fetched prices three to four times 
higher than conventional reflectors. 
Nevertheless, they sold in sufficient 
quantity that Johnson’s firm was able to 
gradually transition from electronics to 
telescope manufacturing.Figure 6: A 1965 advertisement for the 10-inch f/13.5 Celestron Schmidt-Cassegrain.



The Strolling Astronomer

Volume 56, No. 1, Winter 2014 Page 35

In 1970 Celestron introduced a true 
“game changer” in the form of the C-8, 
a versatile, affordable 8-inch f/10 
instrument specifically intended for the 
amateur market. Before the decade was 
out the Schmidt-Cassegrain had largely 
supplanted the Newtonian reflector as 
the instrument wielded by most serious 
amateur astronomers. Long-established 
manufacturers of traditional Newtonian 
reflectors on German equatorial 
mountings were driven out of business 
and a rival SCT manufacturer entered the 
field in the form of Meade Instruments.

Despite this paradigm shift, SCTs were 
deservedly viewed with disdain by many 
planetary observers until recent years. 
Their large (35 to 40%) central 
obstruction robs images of contrast and 
they are extremely sensitive to even a 
slight loss of collimation. However, these 
failings paled in comparison to the unit-
to-unit variability in optical quality, 
particularly during the latter half of the 
1980s. While some good specimens 
were produced, it was very much a hit or 
miss affair. Many SCTs were barely 
diffraction-limited and a considerable 
number were optically defective. During 
the late 1990s both the optical quality 
and the unit-to-unit consistency of SCTs 
improved dramatically due to improved 
fabrication techniques, more stringent 
quality control, and the increasingly 
sophisticated consumers. The old stigma 
is becoming a distant memory and today 
Schmidt-Cassegrains are employed by 
many of the world’s leading high-
resolution imagers, notably Ed Grafton, 
Thierry Legault, Dave Tyler, and Damian 
Peach. Their results dispel any notion 
that SCTs of recent vintage are ill-suited 
to planetary work. 

What The Future Holds
The evolution of the planetary telescope 
has followed Voltaire’s axiom that “the 
perfect is the enemy of the good.” The 
advent of webcam imaging irrevocably 
changed observing methods, largely 
relegating the visual observer to the 
status of a “telescopic tourist.” The new 
observing methods have in turn 
irrevocably changed notions of what 

constitutes a good planetary telescope. 
The contrast-robbing effects of a 
moderately large central obstruction that 
represented a serious handicap for the 
visual observer are not nearly as harmful 
for the webcam imager. Consequently, 
the long-focus Newtonian and the 
Schiefspiegler seem destined to become 
rare curiosities.     

Today an aperture of 8 or even 10 
inches is probably the minimum required 
for serious planetary work, and the finest 
high-resolution images are captured 
using apertures of 12 to 16 inches. 
Economically viable choices of 
instrument in these sizes are limited to 
Schmidt-Cassegrains and compact, 
comparatively fast Newtonians. Here lies 
the future of the planetary telescope.
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