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—_ Introduction —

Several years ago, a combination of age and abuse finally took its toll on my back
and it became increasingly uncomfortable to use an equatorially mounted tele-
scope for visual astronomy. I considered the option of setting up a system whereby
I could operate a telescope remotely from the warmth and comfort of my study
and see the resulting images on my computer screen. Almost immediately
it became blindingly obvious to me that while this is a pleasurable option for
many amateur astronomers, it was not one that suited me. To do so would take me
more into the realms of what some call “serious” amateur astronomy, which has
rapidly embraced the advances that modern microelectronic technology has to
offer, enabling the serious amateur to make significant contributions to astro-
nomical knowledge. The thought of going further down this route brought it home
to me: the reason that I “do” astronomy is for pleasure and relaxation, and the
option that I was considering was in danger of making it seem to me like another
job.

I had always used binoculars for quick views of the sky when I did not have time
to set up a telescope and for more extended observing when, for example, I was
waiting for a telescope to reach thermal equilibrium. I also always keep a binocu-
lar in my car so that I usually have an observing instrument reasonably close by.
Now my back injury meant that my binoculars were the only astronomical instru-
ments that I could comfortably use. I felt as if I was resigning myself to this. I con-
sidered my options again and decided that, if I was going to be “stuck” with
binoculars, I might as well at least have some good quality ones. Almost simulta-
neously, a large astronomical binocular was advertised for sale at an attractive
price on UK Astro Ads and I took the opportunity and purchased it. This turned
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out to be the best decision of my astronomical life; it was like discovering visual
astronomy all over again.

Why was this? First, I became less “technological.” I no longer had an equator-
ial mount to align, computers to set up, CCD camera to focus, or power supplies
to manage. Within minutes of making a decision to observe, I could be observing.
Second, and there are no other words for it, I was “blown away” by what I saw
through the two eyepieces of a good 100-mm binocular. The first object that I
turned my new acquisition to was the Great Nebula in Orion. It was like seeing it
for the first time. I began to see detail that I had never before noticed visually, and
some of this disappeared if I used only one eye. The pleasure of just sweeping the
skies seeing what I could find is far greater than it was with a telescope—two eyes
give one the impression that one is actually out there! Lastly, I found that I had
stopped wondering if I would ever discover a comet or a supernova and had
stopped thinking it was about time I did some more occultation timings. I was
observing purely for pleasure. I realized that this was something that I had not
done since I was a child. I had rediscovered my astronomical roots.

There can be pressure in amateur astronomical communities to participate in
observing programs, to use one’s hobby to advance the status of amateur
astronomers. There can also be a tangible, and not always unspoken, attitude that
someone who observes only, or even primarily, for pleasure does not really deserve
to be called an amateur astronomer. My one regret is that it took me so many years
to realize that this is a load of nonsense. The primary purpose of a hobby is enjoy-
ment. If people find enjoyment in “serious” amateur astronomy, then all well and
good; but, I contend, it is equally legitimate to enjoy it purely for recreation. Many
have found that binoculars lead one to do exactly that.

Recreational observing is not the only application of binoculars; they are also
well suited to some aspects of serious astronomy. Big binoculars with their wide
fields of view are excellent tools for visual comet hunters, as the names George
Alcock and Yuji Hyakutaki attest. There are many variable star programs
specifically for binoculars, such as that run by the Society for Popular Astronomy.

With even modest binoculars, there is sufficient in the sky to keep one enthralled
for years; with good quality big binoculars, there must be sufficient for decades.
This book is for those who wish to explore that further, either with binoculars as
an adjunct to a telescope or, as an increasing number of us are finding, as a main
instrument. Its aim is to give a thorough understanding of the optical systems you
will be using and to indicate those criteria that should influence your choice of
binocular. Once the choice is narrowed down, you will need to evaluate your
options, and there are simple tests you can do to give a good indication as to the
potential of your choice. As with any aspect of astronomy, things do not stop with
the optical system itself. You will, I hope, want to mount your binoculars—even
small, normally hand-held binoculars show so much more when mounted—and
there are numerous accessories and techniques that can increase your observing
comfort, pleasure, and efficacy. Lastly, of course, there are the objects themselves
that you will observe. I have grouped these into objects suitable for medium
(50-mm aperture) binoculars and giant (100-mm aperture) binoculars. Obviously,
all those in the 50-mm class are observable with a larger instrument (although a
few are more pleasing with the wider field of the smaller instrument), and most of
those for the larger instrument can at least be detected with the smaller one. These
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are intended as a “taster;” but there are many more available to you. For example,
some observers have seen all the Messier objects with 10x50 glasses! I hope that
Southern Hemisphere readers will feel that I have made sufficient effort to include
a good representation from their wonderful skies. The charts are simple black on
white, as that is by far the easiest to read under red light.

Whatever category of binocular observer you fall into, there is something here
for you.I hope you will get out there and find the same enjoyment from your binoc-
ulars as I continue to have from mine.



CHAPTER ONE

~—  WhyBinoculars?  —

Amateur astronomers usually view medium aperture (50-70mm) binoculars
either as an inexpensive “entry instrument” to the hobby, or as a useful accessory
to a more experienced observer’s “main” instrument—a telescope. There is a
great deal of justification for this. Binoculars indeed make excellent starter
instruments for new observers, especially those of limited financial means. Not
only is a medium aperture binocular of reasonable quality less expensive than
the cheapest useful astronomical telescopes, but it is also more intuitive to
use, easier to set up, more portable, and has more obvious uses outside astronomy,
for example, bird watching or horse racing. It also enables the new observer to
engage in useful observing programs, such as the Society for Popular Astronomy’s
variable star program." Where the more experienced observer is concerned,
the wider field of a binocular is ideal for having a preliminary scan around
the sky in order to evaluate it at the beginning of an observing session, and is
also useful in conjunction with the telescope’s finder as an aid to hunting the
objects to be observed. Additionally, there are large objects with low surface
brightness, such as the Pinwheel Galaxy (M33, NGC 598), that are distinctly
easier to see in such binoculars than they are in most telescopes of even twice the
aperture.

What an increasing number of experienced observers are coming to realize is
that the binocular is not limited to being an adjunct to a telescope, but is an excep-
tionally valuable astronomical instrument in its own right. Many of the advantages
of the binocular, when used for its “beginner” or “adjunct” purpose, translate to its
advanced use.
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There are two facets to the portability of binoculars. The first is the compactness
and weight of the instrument itself. A 10x50 binocular is possibly the most
common starting binocular and adjunct binocular. It is typically about 18cm (7
in) long and about the same width, and usually weighs a kilogram (2.21b) or less,
considerably less in the case of lightweight models. Second, binoculars of this size
and weight can easily be hand-held for moderate periods of time, so they do not
need a mount to be carried with them. Even 15x70 or 16x70 binoculars, which are
typically about 28 cm (11in) long and around 2kg (4.41b) in weight may be hand-
held for short periods.

Of course, all binoculars will benefit from being mounted. If a mount is to be
carried with this size of binocular, a reasonably sturdy photographic monopod or
tripod with a pan/tilt head will suffice for binoculars up to 80 mm in aperture, or
100mm if they are the lighter weight ones. However, it does need to be stated at
the outset that the photographic tripod with pan/tilt head, although commonly
used, is far from ideal as a binocular mount for astronomy (see Chapter 6).

Ease of Set-up

Binoculars of 100-mm aperture or smaller are usually trivially easy to set up. If
they are to be hand-held (usually 50 mm or smaller), all that is required is that the
interpupillary distance and focus are set. They do not normally require time to
reach thermal equilibrium, so they can literally be regarded as “grab and go” instru-
ments, with observations being made within a minute or so of the decision to
observe!

Even larger binoculars are generally considerably simpler to set up than many
telescopes. Binoculars are not generally equatorially mounted on account of the
awkward position that such mounting would require of the observer’s head! For
this reason, binoculars are usually mounted on some form of altazimuth mount,
often a photographic tripod and head. Even with 6kg (13.51b) binoculars on a
sophisticated parallelogram mount, I routinely find that I am observing in less than
10 minutes of having made the decision to observe.

The Binocular Advantage

It is generally acknowledged, and empirical experiments confirm, that when using
two eyes, our threshold of detection of faint objects is approximately 1.4 times as
good as with one eye.” This is a consequence of what is called binocular summa-
tion,’ which is itself probably a result of at least two different phenomena:

« Statistical summation. For objects of a low threshold of visibility, there is a
greater probability that photons from the object will be detected by at least one
of two detectors (in this case, eyes) than by a single detector. If the probability
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of detection in one detector is just over 0.5, then the probability of detection in
both is indeed approximately 1.4 times greater. For example, for a detection
probability of 0.6 in one detector, the probability of detection in one of two iden-
tical detectors is given by:

P(Both) = P(Right) OR P(Left) — (P(Right) AND P(Left))
=0.6+ 0.6 — (0.6 X 0.6)
=0.84

0.84/0.6 = 1.4

« Physiological summation. This is essentially an improvement of signal-to-noise
ratio (SNR). The signals from each eye are added, but the random neural noise
is partially canceled. If the noise is random, the resulting improvement in
SNR will be /2, or approximately 1.4.

The consequence of binocular summation is that, with two eyes, we experience
an improvement in both acuity of vision and in contrast. This is apparent when
we have our eyes tested by an optometrist, where we notice that the eye chart is
easier to read with both eyes than with one eye alone. It is easy to demonstrate this
with binoculars: find an object that you can only just detect, or a double star that
you can only just split, with both eyes, then cap each objective in turn. You may
even notice it while reading this page! However, this is only true for well-corrected
vision; if the image in one eye is sufficiently degraded, then the consequence is that
binocular vision is degraded to below the performance for the good eye. This obvi-
ously has implications for when we use binoculars.

Another bonus of using two eyes is stereopsis. Although astronomical objects
are obviously far too distant for them to be seen with true stereoscopic vision,
when we use both eyes, there is an illusion of stereoscopic vision that enhances the
aesthetic attributes of many objects. I find this effect particularly apparent with
rich open clusters, especially when there are stars of obviously different colors.

Lastly, when you observe with two eyes one eye sees the small part of the field
of the other eye that is obliterated by the blind spot, the location on the retina
where the optic nerve enters the eye. In this sense, the binocular can be said to give
a more complete view than single-eye observing.

Most binoculars for astronomy will give an exit pupil in the region of 3 to 5mm.
There are obvious exceptions to this. There are occasional “fashions” for using exit
pupils of up to 7mm in both medium (e.g., 7x50) and giant (e.g., 15x110, 25x150)
binoculars, but there are very good reasons not to do so, as only a few objects can
benefit from this even if our eyes’ pupils do dilate that much. Similarly, there are
some larger astronomical binoculars, usually with interchangeable eyepieces,
where the exit pupil is smaller than 3 mm.

There are distinct advantages in using an exit pupil in the 3 to 5mm range. In
no particular order they are:

+ Most observers’ pupils do not dilate much beyond 6 mm. The eye’s pupil there-
fore vignettes the light from the binocular.
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+ There is sufficient brightness to see most of the extended objects that are visible
with a larger exit pupil. (Notable exceptions are the Andromeda Galaxy (M31)
and the North American Nebula (NGC 7000), both of which are better with a
larger exit pupil, if our eyes can accommodate it.

« It is easier to position the eyes so that the entire exit pupil is contained by the
eye’s pupil.

« Aberrations in the eye’s lens and cornea tend, as they do in the lenses of optical
instruments, to be more severe toward the periphery of the pupil than they are
at the center. Many normally bespectacled observers find that they can, with
smaller exit pupils, observe satisfactorily without spectacles.

+ Larger exit pupils imply lower magnification. Most binocular objects are easier
to resolve with greater magnification and many are easier to identify. An object
is fully resolved on the retina when the exit pupil is about 1 mm, although this
is impracticably small for binoculars.

+ The higher magnification results in greater contrast because the sky itself is an
extended object and consequently dimmed by greater magnification.

+ Smaller exit pupils imply smaller real fields of view, so lateral chromatic aberra-
tion is reduced.

The obvious disadvantages are:

+ Extended objects are fainter than they are with a larger exit pupil, assuming the
eye can accommodate the larger pupil.

+ Larger exit pupils imply lower magnifications, with consequently more relaxed
tolerances for collimation between the tubes.

Small Focal Ratio and Aberrations

Most binoculars have objectives that operate at around {/4 or f/5, although there
are some specialist astronomical binoculars, intended for use at relatively high
magnification, that have greater focal ratios.

Most optical aberrations are exacerbated with “fast” (i.e., low focal ratio, thus
photographically “fast”) objectives. For a normal achromatic doublet that does not
use exotic glasses, the rule of thumb is that the focal ratio must be no less than
three times the diameter of the aperture, measured in inches (1 inch = 25.4mm),
for axial (longitudinal) color correction to be acceptable. This is equivalent to
stating that a 50-mm objective must work at f/6 and a 100 mm at f/12, or that the
limit for f/5 is 42 mm. This latter equivalent is a reason for the good reputation for
optical quality of many 42 mm binoculars. If optical quality is to be maintained at
greater apertures without a concomitant increase in focal ratio, either expensive
exotic glasses or extra len elements or both must be employed. Several modern
astronomical binoculars have slower focal ratios, such as /7.5 or /8. Lower focal
ratios have light cones that are more obtuse; and obtuse light cones are more
demanding of eyepiece quality than those that are more acute. This means that for
image quality not to be compromised, better eyepieces are needed and thus greater
expense is required.
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There are many aspects of telescope astronomy that are unavailable to the binoc-
ular user. Binoculars are used almost exclusively for visual astronomy, but for sheer
enjoyment of the sky, they are unparalleled!

1. See: http://www.popastro.com.
2. Dickinson, T., and Dyer, A. The Backyard Astronomer’s Guide. Ontario: Camden

House Publishing, 1991, p. 26; Harrington, Philip S. Touring the Universe through
Binoculars. New York: John Wiley, 1990, p. 2; Salmon, T. http://arapaho.
nsuok.edu/~salmonto/VSIII/Lecturell.pdf.

3. Salmon.
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CHAPTER TWO

Binocular Optics
and Mechanics

There are three main parts to a binocular’s optical system:

* Objective lens assembly. Its function is to gather light from the object and form
an image at the image plane.

« Eyepiece lens assembly. Its function is to examine the image at the image plane,
rendering it visible to the observer’s eyes.

+ Image orientation correction.In modern binoculars this is usually a prism assem-
bly. In large binoculars this may also require the eyepieces to be at 45- or 90-
degree angles to the main optical tube. Binoculars are usually classified by the
type of prism assembly they use (e.g., “Porro prism binocular” or “roof prism
binocular”) (Figure 2.1).

Astronomical observation is exceptionally demanding of optical quality; this
applies equally to binoculars as to telescopes, despite the much lower magnification
usually used in the former. Hence, binoculars used for anything other than casual
scanning of the sky as a preliminary to using another instrument need to be of the
highest optical quality you can afford. Once you have used a high-quality astro-
nomical binocular it is very difficult to use one of lesser quality without being dis-
satisfied, even irritated, by it.

Objective Lens Assemblies

The objective lens consists of two or more lens elements in an achromatic or apoc-
hromatic configuration. The achromatic doublet is the most common lens in “stan-
dard” binoculars, but high-quality binoculars, particularly large astronomical
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Figure 2.1. light-path through prismatic binoculars.

binoculars, may have an apochromatic triplet. There may also be additional lenses
to correct for other optical aberrations such as spherical aberration (SA), coma, or
field curvature. Achromats bring two wavelengths (colors) of light to the same
focus. A simple achromatic doublet would have a biconvex element of crown glass
in front of a weaker diverging element of flint glass. Modern achromats may use
special glasses, such as extra-low dispersion (ED) glass, in order to give better color
correction. Apochromats, which bring three wavelengths of light to the same focus,
may employ expensive (but brittle) fluorite glass.

Large aperture astronomical binoculars have objectives of relatively small focal
ratio, often as small as f/5, and sometimes less. An achromatic doublet of 100-mm
aperture with a focal ratio of /5 will have significant chromatic aberration, espe-
cially off-axis, no matter which glasses are used. This can be particularly obtrusive
on bright objects, such as the Moon or the naked-eye planets. Even a fluorite apoc-
hromat of this aperture and focal ratio will show off-axis false color on these
objects.
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Figure 2.2. Some common binocular eyepieces.

Binocular eyepieces usually consist of three or more lenses in two or more groups.
The most common is the venerable Kellner configuration, a design dating from
1849 that consists of a singlet field lens and a doublet eye lens. Increasingly
common are reversed Kellners, a design that was introduced in 1975 by David Rank
of the Edmund Scientific Company and used in its RKE eyepieces. The field lens
is the doublet and the eye lens is a singlet. The reversed Kellner has the advantages
of a slightly wider field (50 degrees as opposed to the 45 degrees of a Kellner), over
50 percent more eye relief, and of working better with the short focal ratios that
typify binocular objectives. Wide field binoculars usually use modifications of Erfle
eyepieces. These consist of five or six elements in three groups. They can have a
field of up to about 70 degrees, but eye relief tends to suffer when the field exceeds
about 65 degrees (Figure 2.2).

The prisms in binoculars serve primarily to correct the inverted and laterally
reversed image that would otherwise result from the objective and eyepiece alone.
A secondary effect is that they fold the light path, so that the binocular is shorter
than it would otherwise be, making it easier to handle. As stated above, binoculars
are often classified according to their prism type. For modern binoculars without
angled eyepieces, there are two basic types: the Porro prism and the roof prism.
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Figure 2.3. Image inversion and lateral reversal in Porro prisms.

The Porro prism assembly consists of two isosceles right-angled prisms
mounted with their hypotenuses facing each other but with their long axes exactly
perpendicular. This latter point is crucial; if they are not exactly at right angles,
image rotation (usually referred to as “lean” when it applies to binoculars) will
occur. The angle of lean is twice the angle of misalignment and opposite in direc-
tion (i.e., a clockwise misalignment of 0.5 degrees will result in an anticlockwise
lean of 1.0 degree. The light path in Porro prisms is shown in Figure 2.3. There are
four reflections, so the result is a right-handed image. The mutually perpendicu-
lar orientation of the prism hypotenuses results in one prism erecting the image
and the other reverting it.

It is possible, especially when they are used with objectives of low focal ratio, for
Porro prisms to reflect rays that are not parallel to the optical axis in such a manner
that they are internally reflected off the hypotenuse of the prism (Figure 2.4a).
The ray then emerges from the prism, having been reflected a third time, and
contributes only optical “noise” to the image, thus reducing contrast. This extra
reflection can be eliminated by putting a groove across the center of the
hypotenuse (Figure 2.4b). Grooved prisms are a feature of better-quality Porro
prism binoculars.

A development of the Porro prism is the Abbé Erecting System, also known as
a Porro Type-2 prism (Figures 2.5 and 2.6). Its lateral offset is 77 percent that of
an equivalent Porro prism assembly', and for this reason it is most frequently
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Figure 2.4. Porro prism groove.

encountered in larger binoculars. For medium-aperture binoculars, it is more
common in older instruments, particularly military binoculars from the early and
mid-20th Century. Abbé Erecting Systems are usually identifiable by the cylindrical
prism housing, although the reverse is not true; i.e. this feature is not diagnostic
of the presence of the Abbé system.

An important consideration is the glass used for the prism. Normal borosilicate
crown (BK7—the BK is from the German Borkron) glass has a lower refractive
index than the barium crown (BaK4—the BaK is from the German Baritleichtkron)
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Figure 2.5. Abbé Erecting System, also known as a Porro Type-2 prism.

glass that is used in better binoculars. A higher refractive index results in a smaller
critical angle, 39.6 degrees in BaK4 as compared to 41.2 degrees in BK7), so there
is less light likely to be lost because of nontotal internal reflection in the prisms
(Figure 2.7). The difference is more noticeable in wide angle binoculars with objec-
tive lenses that have a focal ratio of f/5 or less. The nontotal internal reflection of
the peripheral rays of light come from the objective results in vignetting of the
image. This effect can easily be seen by holding the binocular up to a light sky or
other light surface and examining the exit pupil. The exit pupil of a binocular with
BaK4 prisms will be perfectly round, while that of a binocular with BK7 prisms
will have tell-tale blue-gray segments around it (Figure 2.8). (Note: Figure 2.8b was
taken from a slight angle in order to show the nature of the vignette segments.
Viewed from directly behind the exit pupil, there is a square central region with
vignette segments on four sides.)

The roof prism is shown in Figure 2.9. It is a combination of a Semi Penta
prism (45-degree deviation prism) (Figure 2.10) and a Schmidt roof prism
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Figure 2.6. Light path in Abbe erecting system (a.k.a. Porro type-2).

Some light is
transmitted

Air Air
B Some light Bak4 Light is totally
41° is internally 41° internally reflected
reflected

Figure 2.7. BK7 and BaK4 glass. At angles close to the critical angle of BaK4 glass,
some light will be lost due fo transmission in BK7 glass.
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Figure 2.8. The effect of prism glass on the exit pupil. (a): BAK4 prisms. (b): BK7 prisms.
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Figure 2.9. Image reversal in Pechan roof prism.

Figure 2.10. Semi penta prism (45 degree deviation prism).
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Figure 2.11. Schmidt roof prism. The image is inverted and reverted. The axis is
deviated by 45 degrees.

(Figure 2.11). The combination is a compact inversion and reversion prism that
results in an almost “straight through” light path. The consequence is a very
compact binocular. There is, of course, a limit to the aperture of the roof prism
binoculars that is imposed by the “straight through” light path because, the centers
of the objectives cannot be separated by more than the observer’s interpupillary
distance (IPD).

Although the roof prism configuration is physically smaller and thus uses less
material in its construction, it tends to be significantly more expensive than a Porro
prism binocular of equivalent optical quality. This is because the prism system,
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particularly the roof itself, must be made to a much higher tolerance (2 arcsec for
the roof) than is acceptable for Porro prisms (10arcmin), that is, 300 times as
precise! Any thickness or irregularity in the ridge of the roof will result in visible
flares, particularly from bright high-contrast objects (i.e. many astronomical
targets). Additionally, a result of the wave nature of light is that interference can
occur when a bundle (a.k.a. pencil) of rays is separated and recombined, as
happens with a roof prism. The consequence is a reduction in contrast. This can
be ameliorated by the application of a “phase coating” to the faces of the roof.
Binoculars with phase coatings usually have “PC” as part of their designation (see
Appendix F).

As you will see from Figure 2-9, the light in a roof prism undergoes six reflec-
tions (as compared to four in a Porro prism binocular). This results in a “right-
handed” image. The same is true of the Abbe-Konig roof prisms found in the best
roof-prism binoculars. A consequence of the extra reflection and the extra lens (as
compared to Porro prisms) is more light loss. In order to achieve a similar quality
of image, better anti-reflective coatings need to be used.

The demand for better quality of the optical elements and their coatings in roof-
prism binoculars means that they will inevitably be more expensive than Porro
prism binoculars of equivalent optical quality. They do, however, offer three dis-
tinct advantages:

+ They are more compact. This makes them slightly easier to pack and carry; some
people (I am one) find the smaller size easier and more comfortable to hold
because of the different ergonomics.

+ They are usually slightly lighter. This makes them easier to carry and generally
less tiring to hold.

+ They are easier to waterproof because of the internal focusing. Although one
does not normally do astronomy in the rain (the possible exception being the
nocturnal equivalent of a “monkeys’ wedding”), nitrogen-filled waterproof
binoculars are immune to internal condensation in damp/dewy conditions and
will not suffer from possible water penetration when used for other purposes
such as bird watching or racing.

It is a matter of personal judgment whether these advantages warrant the extra
expense. I find that, on account of their relative lightness and compactness, I
observe with my 10x42 roof prisms far more than I do with my 10x50 Porro prisms.

An increasing number of astronomical binoculars have 45- or 90-degree eye-
pieces. There are a wide variety of prism combinations that will achieve this, such
as a Porro Type-2 with a Semi Penta prism for 45 degrees or with a Penta prism
for 90 degrees. Another 45-degree system uses a Schmidt roof with a rhomboid.

Binoviewers use a combination of a beam splitter and a pair of rhomboidal
prisms (Figures 2.12 and 2.13). The beam splitter divides the light into two mutu-
ally perpendicular optical paths. A rhomboidal prism merely displaces the axis of
the light path without either inverting or reverting it. In some binoviewers pairs
of mirrors perform the same function. Cylindrical light tubes may be used to
ensure that the optical path length is identical on both sides. Interpupillary dis-
tance is adjusted by hinging the device along the axis of the light path from the
objective lens or primary mirror.
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Figure 2.12. Rhomboid prism.
This prism displaces the axis.
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Figure 2.13. The principle of the binoviewer.
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When the binocular moves, the angle between the plates of the vari-angle prism
changes to compensate.

Figure 2.14. Image stabilization with Canon’s vari-angle prism.

The system of image stabilization that has been most successful for astronomi-
cal purposes is that developed by Canon Inc. It employs what Canon calls a vari-
angle prism (Figure 2.14), which consists of two circular glass plates that are joined
at their edges by a bellows of a specially developed flexible film. The intervening
space is filled with a silicon-based oil of very high refractive index. Microelectronic
circuitry senses vibration and actuates the vari-angle prisms so as to compensate
for the change in orientation of the binoculars.

The most important coatings in binoculars are the antireflective coatings on the
surfaces of the optical components. An uncoated glass-to-air surface will reflect
about 4 percent of the light that is perpendicular to it (“normal incidence”), and
even more of the light that is oblique to it. By using interference coatings, this can
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Figure 2.15. Single layer film.

be reduced to better than 0.15 percent over a very wide range of the optical spec-
trum. The coatings are usually optimized for a particular wavelength of light,
usually in the range 510 to 550 nm. A single coating of a quarter of the wavelength
of light will reflect a small proportion of the incident light. The glass behind it will
reflect another small proportion. The path length of the wave reflected off the glass
is half (2 x .25) a wavelength greater; the two reflected waves mutually interfere
destructively, eliminating the reflection for that particular wavelength (Figures
2.15 and 2.16). At wavelengths significantly distant from the wavelength for which
the coating is optimized, interference may be constructive, resulting in more
reflected energy than would have occurred in uncoated glass. Additional layers of
half- and quarter-wave thickness can reduce reflections at other wavelengths; this
is called “multicoating” (Figure 2.17) and “broadband multicoating” (Figure 2.18).
Coating is an expensive process, so there are a number of coatings that become
uneconomical. It is rare to find more than seven layers on any surface in com-
mercial binoculars.

Binocular coatings are qualitatively described as “coated,” “fully multicoated,”
and so forth. There is no universally agreed meaning to these designations, but
they are commonly held to have the following meanings:

+ Coated: At least one glass-to-air surface (usually the outer surface of the objec-
tive) has a single layer of antireflective coating, usually MgF,; other surfaces are
uncoated.

* Fully coated: All glass-to-air surfaces of the lenses (but not the prism hypo-
tenuses) have a layer of antireflective coating.
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Figure 2.16. Coated optics: single layer coating.

Multi-coated: At least one glass-to-air surface (usually the outer surface of the
objective) has two or more layers of antireflective coating. The other surfaces
may be single-layer coated or not coated at all.

Fully multi-coated: All glass-to-air surfaces of the lenses (but possibly not the
prism hypotenuses) have two or more layers of antireflective coating.

More recently, some binoculars coatings have been described as “broadband.”
Again, there is no industry-wide standard—coating can mean anything from three
layers upward. Some manufacturers are more forthcoming as to the precise nature
of their coatings. For example, the manufacturer of the popular Oberwerk-branded
binoculars in the United States (branded as Strathspey in the U.K., Teleskop Service
in Germany) provides the following information about its coatings:

« Level I: (Equivalent to Fully Coated). Single layer of MgF, coating on 16 glass-to-
air surfaces: 4 for two objectives, 12 (6 per side) for the three optical elements in
each eyepiece. The prisms are not coated.
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Figure 2.17. Multi-coated optics: double layer coating.

Level II: (Equivalent to a blend of Multi-Coated and Fully Multi-Coated). Broad-
band multi-coatings of 5 to 7 layers on the 4 glass-to-air surfaces of the two
objectives, and the 4 surfaces of the eye lenses of the two eyepieces. Single-layer
MgF, coating on all other glass-to-air surfaces, including the hypotenuses of the
prisms.

Level III: Broadband multi-coatings on all the surfaces except the prism
hypotenuses, on which there are single-layer MgF, coatings.

+ Level IV: Broadband multi-coatings on all the surfaces including the prism
hypotenuses. (Kunming Optical Instrument Co. Ltd.)

The effect of various coatings can be seen in the reflections of sunlight from
objective lenses in Figure 2.19.
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Figure 2.18. Broadband multi-coated optics: triple layer coating.

Figure 2.19. Optical
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layer coated,
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multicoated,
multicoated, uncoated.
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Aberrations are errors in an optical system. There are six optical aberrations that
may affect the image produced by a telescope. Some affect the quality of the image,
others affect its position. They are:

+ Chromatic aberration: error of quality
+ Spherical aberration: error of quality
+ Coma: error of quality

+ Astigmatism: error of quality

+ Field curvature: error of position

« Distortion: error of position

Chromatic aberration is an error of refractive systems and is therefore of con-
sideration for all binoculars. Because any light that does not impinge normally on
a refractive surface will be dispersed, single converging lenses will bring different
wavelengths (colors) of light to different foci, with the red end of the optical spec-
trum being most distant from the lens. This is longitudinal (or axial) chromatic
aberration. Lateral chromatic aberration manifests as different wavelengths of
light forming different size images. It is sometimes referred to as color fringing,
which is descriptive of the visual effect of its presence.

Visible chromatic aberration can exist in objective lenses and eyepieces. Chro-
matic aberration can be reduced, but not eliminated, by using multiple lens ele-
ments of different refractive indices and dispersive powers. An achromatic lens has
two elements and brings two colors to the same focus (Figure 2.20).

The choice of glass and lens design will determine not only which colors are
brought to the same focus, but also the distance over which the secondary spec-
trum is focused. An apochromatic lens uses three elements and will bring three
colors to the same focus.

Spherical aberration is an error of spherical refractive and reflective surfaces
that results in peripheral rays of light being brought to different foci to those near
the axis (Figure 2.21). If the peripheral rays are brought to a closer focus than the
near-axial rays, the system is undercorrected. If they are brought to a more distant
focus, the system is overcorrected. Spherical mirrors and converging lenses are
undercorrected and diverging lenses are overcorrected.

In compound lenses, spherical aberration can be suppressed in the design of the
lens by using several lenses of minimal curvature as a substitute for one of con-
siderable curvature, by choosing appropriate curvatures for the converging and
diverging elements, or as a combination of both. In Newtonian mirrors, such as
those used in most reflecting binocular telescopes, the spherical aberration is cor-
rected by progressively deepening the central part of the mirror so that all regions
focus paraxial rays to the same point. The shape of the surface is then paraboloid,
that is the surface that results from a parabola being rotated about is axis.

There are other manifestations of spherical aberration, the most common of
which is zonal aberration, in which different zones of the objective lens or primary
mirror have different focal lengths. Spherical aberration increases as a direct cubic
function of an increase in aperture and is independent of field angle.
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Figure 2.20. Chromatic aberration.
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Figure 2.21. Spherical aberration in a converging lens.

Coma is a lop-sided spherical aberration. If an objective lens is corrected for
paraxial rays, then any abaxial ray cannot be an axis of revolution for the lens
surface and different parts of the incident beam of which that ray is a part will
focus at different distances from the lens. The further off-axis the object, the
greater the effect will be. The resulting image of a star tends to flare away from
the optical axis of the telescope, having the appearance of a comet, from which the
aberration gets its name. In objective lenses, coma can be reduced or eliminated
by having the coma of one element counteracted by the coma of another. It is
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Figure 2.22. Coma in a converging lens.

usually particularly noticeable in ultrawide angle binoculars (Figure 2.22). Coma
increases as direct square (quadratic) function of aperture increase and increases
as a linear function of increase in field angle.

Astigmatism results from a different focal length for rays in one plane as com-
pared to the focal length of rays in a different plane. A cylindrical lens, for example,
will exhibit astigmatism because the curvature of the refracting surface differs for
the rays in each plane and the image of a point source will be a line (Figure 2.23).
Astigmatism will, therefore, result from any optical element with a surface that
is not a figure of revolution. It can also occur in surfaces that are figures of re-
volution. Consider two mutually perpendicular diameters across a beam of
light impinging obliquely upon a lens surface. The curvature of the lens under one
diameter differs from that under the other, and thus astigmatism will result. Such
astigmatism can be corrected by an additional optical element that introduces
equal and opposite astigmatism. Astigmatism is not normally a problem in binoc-
ulars, which are primarily used for visual work, unless they have very wide fields.
Astigmatism increases linearly with an increase in aperture and as a direct square
(quadratic) function of an increase in field angle.

Field Curvature No single optical surface will produce a flat image—the image
is focused on a surface that is a sphere tangential to the focal plane at its intersec-
tion with the optical axis (Figure 2.24). Field curvature, which manifests as the
inability to focus the periphery of the image at the same time as the center is
focused, is particularly noticeable when it is present in widefield binoculars. It can
be corrected in the design of the lenses. In particular, if a negative lens can be
placed close to the image plane, it will flatten the field. Field curvature increases
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Figure 2.24. Field curvature.
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Figure 2.25. Distortion.

linearly with an increase in aperture and as a direct square (quadratic) function
of an increase in field angle.

Distortion is an aberration by which a square object gives an image with
either convex lines (negative or barrel distortion) or concave lines (positive or
pincushion distortion). It is the only aberration that does not produce blurring
of the image (Figure 2.25). It results from differential magnification at different
distances from the optical axis. It almost always originates in the eyepiece, so any
correction should be inherent in eyepiece design. A small amount of pincushion
distortion can be desirable because it attenuates the “rolling ball” effect that results
in an undistorted field of view (see Chapter 3). Distortion is unaffected by
aperture and increases as a direct function of the cube of field angle.

Aperture Stops and Vignetting

Vignetting is the loss of light, usually around the periphery of an image, as a con-
sequence of an incomplete bundle passing through the optical system. A vignetted
image appears dimmer around the periphery.
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Most binoculars suffer from some degree of vignetting. The exception is
some binoculars designed specifically for astronomical use whose construction is
based on astronomical refracting telescopes which themselves give unvignetted
images.

In some, vignetting can be so severe that no part of the image is illuminated
by the complete aperture. In normal daylight use, we do not notice vignetting
unless it is exceptionally severe; 30 percent is common and 50 percent is
sometimes deemed acceptable in wideangle systems. This is because, at any
given time, only a tiny region of the image can be examined by the fovea, it is,
therefore, only this region that needs to be fully illuminated. As long as the
fall-off of illumination toward the periphery is smooth, it will not normally be
noticed.

Binocular astronomers who, like other astronomers, echo the call for “more
light!” sometimes wonder why vignetting is allowed to occur at all. To understand
this, we must first understand the role of the aperture stop. An aperture stop
crops the light cone and eliminates the most peripheral rays. These peripheral
rays have the highest angles of incidence on the optical surfaces and undergo
the most refractive bending. For these reasons they also carry with them the
greatest amount of aberration. If they are permitted to pass through to your
eye, they will add to the degradation of the image. Part of the process of
good optical design is to assess how much of the peripheral light needs to be
excluded.

If bundles of rays from all parts of the field of view fill the aperture stop, then
there is no vignetting. On the other hand, if some other mechanical or optical
component impedes some of this light, vignetting will occur. An unvignetted
binocular requires larger optical apertures all the way through the optical system
when compared to one in which vignetting does not occur. This in turn requires
larger optical components (such as prisms or focusing lenses). Larger components
are not only more expensive, but are also heavier. Heavier components require
heavier and more robust mountings. These in turn add to the expense of the
binoculars. The overall result is a heavier, more expensive, binocular. In short,
vignetted systems are usually smaller, lighter, and produce better images in com-
parison to the equivalent unvignetted optical system. Somewhere in the design
process a decision is made as to where an acceptable trade-off lies. The more dis-
cerning observer may well be prepared to accept a more expensive instrument, but
the general user will almost certainly not want to pay considerably more for a
hardly noticeable increase in light throughput at the periphery. Even the discern-
ing observer may balk at an increase in weight if the binoculars are intended to be
hand held.

There are three different types of focusing mechanism commonly found on
binoculars.
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Center Focus (Porro Prism)

In the center focus Porro prism the eyepieces are connected to a threaded rod in
the central hinge. An internally threaded knurled wheel or cylinder causes the rod
to move, thus moving the eyepieces. The right-hand eyepiece is usually indepen-
dently focusable (Figure 2.26a) to accommodate the differences in focus of the

Figure 2.26.
Right eyepiece
dioptre adjustment.
a: Porro prism. b:
Roof prism.
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observer’s eyes; this facility is called a “dioptre adjustment.” The advantage is that
the eyepieces can be focused simultaneously, which is a consideration for general
terrestrial use, but not for astronomy. The disadvantages are that there is almost
always some rocking of the bridge, which leads to difficulty in achieving and main-
taining focus, the focusing system is difficult to seal so dirt can enter, and the
optical tubes are extremely difficult to waterproof, resulting in increased likelihood
of internal condensation (Figure 2.27).

Center Focus (Roof Prism)

Like the Porro prism, with the center focus system there is an external focus wheel
and an independent helical focuser (dioptre adjustment) for the right eyepiece
(Figure 2.26b), but the similarity ends there. The mechanism is internal, and focus-
ing is achieved by changing the position of a focusing lens between the objective
lens and the prism assembly (Figure 2.1). It has the dual advantages of permitting
simultaneous focusing of both eyepieces and allowing relatively simple dust- and
waterproofing. The disadvantage is that there is an extra optical element that must
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Figure 2.27. The bridge rocks on this center-focus Porro prism binocular.
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Figure 2.28. Roof prism center focus.

be accurately made, which absorbs a tiny amount of light, and whose movement
during focusing alters the field of view slightly (Figure 2.28).

Independent Focus

Eyepieces with independent focus each have a helical focuser. This is much more
robust than a center focus system and is easier to make dirt- and waterproof. The
best quality astronomical (and marine and military) binoculars have independent
focusing. The disadvantage is that the eyepieces cannot be focused simultaneously,
but this is not an issue for astronomical observation, where refocusing is not nec-
essary once good focus has been attained (Figure 2.29).
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Figure 2.29. Independent focus—ideal for astronomy.

Collimation

Not only must the optical elements of each optical tube be collimated, but the
optical axes of both tubes must be aligned. They must not only be aligned to each
other, but also to the hinge or other axis about which interpupillary distance is
adjusted. If this latter criterion is not met, the result is a phenomenon called con-
ditional alignment in which the two optical axes are only aligned at the inter-
pupillary distance that was set during collimation and will get progressively out of
alignment for other interpupillary distances. This may be acceptable if only one
person uses the binoculars.

The permitted divergence of the optical axes from true parallelism is deter-
mined by the ability of the eyes to accommodate divergence and by the
magnification of the binoculars. If these limits are exceeded, either it will not be
possible to merge the images from each optical tube or, if they can be merged, eye-
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Table 2.1. Collimation Tolerances

Magnification Step Convergence Divergence
X7 2 arcmin 6.5arcmin 3 arcmin
x10 1.5arcmin 4.5 arcmin 2 arcmin
x15 1.0arcmin 3.0arcmin 1.5arcmin
%20 0.75 arcmin 2.25arcmin 1.0arcmin
x30 0.5 arcmin 1.5arcmin 0.67 arcmin
x40 0.38 arcmin 1.13 arcmin 0.5 arcmin

strain and its attendant fatigue or headache results. Acceptable tolerances in the
apparent field of view are:

+ Vertical misalignment (step, dipvergence): 15arcmin
+ Horizontal convergence:* 45arcmin
+ Horizontal divergence: 20 arcmin

To ascertain the real tolerances, you need to divide these by the magnification
to obtain the collimation tolerances listed in Table 2.1.

There are two ways in which the optical axes of the binoculars can be aligned.
In almost all binoculars, the objective lenses are mounted in eccentric rings. These
can be adjusted to move the optical axis in relation to the body of the binocular.
In many other binoculars, the prisms are adjustable, either by grub screws (set
screws) that are accessible from the outside or by being housed in a cluster whose
adjustment screws are accessible by removing the cover plate on the prism
housing. (See Chapter 5 for advice on how to collimate a binocular.) Collimation
by eccentric rings on the objectives is preferable because tilting the prisms will
result in the introduction of more astigmatism.
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2. There are different conventions for the use of “convergence” (and “divergence”), depend-
ing on whether the optical axes of the binocular are converging or the optical axes of the
eyes are converging (to accommodate the diverging optical axes of the binocular). The
usage here is the latter. It is simple to tell which convention is being used: the greater
value is for converging eyes (diverging binoculars).



CHAPTER THREE

Choosing
Binoculars

There is no “ideal” binocular for astronomy; the individual choice is therefore
determined by the reason for choosing binoculars, the purpose to which the binoc-
ulars will be put, and the budget.

Binocular Specifications

Binoculars are specified by a series of numbers and letters, for example, 15x70
BIF.GA.WA. The numbers tell you the size of the binocular and the letters give addi-
tional information. The first number is the angular magnification, the second is
the aperture of the objective lens in millimeters. The example therefore has a
magnification (“power”) of 15, an aperture of 70mm, a body of Bausch & Lomb
(a.k.a. “American”) construction (B), individually focusing eyepieces (IF), rubber
armour (GA), and wide-angle eyepieces (WA). There is a complete list of designa-
tion letters in Appendix F.

The numbers in the binocular specifications give rise to a variety of binocular
ratings that are sometimes quoted by manufacturers and vendors. The most
common are:

* Relative Brightness. This is the square of the diameter of the exit pupil. The exit
pupil diameter is calculated by dividing the aperture by the magnification
(power). For example, for 10x50, the exit pupil is 5mm and the relative bright-
ness is (50/10)* = 5* = 25. However the calculation for a 20x100 binocular, through
which a great deal more can be seen, gives exactly the same relative brightness:
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(100/20)* = 5% = 25, so this is an inadequate rating to use for astronomical binoc-
ulars. Incidentally, this is also the relative brightness that is calculated for the
Mark-I eyeball (1x5) of a human being approximately 60 years old! Whereas it
does give information about the surface brightness of extended objects, it says
little about the overall performance. I have no doubt that I see far more in my
10x50 binoculars than I do with the naked eye, and that I see significantly more
in my 20x100 binocular.

Twilight Index or Twilight Performance Factor. This was used by Carl Zeiss Inter-
national as an indication of the distances at which comparable detail would be
seen in different binoculars. It is calculated by finding the square root of the
product of the magnification and aperture. For the two binoculars above the cal-
culations are:

V(10x50) =+/500 =22.36
J(20x100) = /2000 = 44.72

In this instance, the larger instrument has an index that is double that of the
smaller instrument. In other words, if the smaller binocular is used to observe a
target object at a given distance from the observer, the same amount of detail
will be visible at double the distance in the larger instrument. This is not really
applicable to visual observational astronomy where we are usually not concerned
with the relative distances of objects and consider them to be effectively at the
same distance.

Visibility Factor. Roy Bishop devised the method to evaluate the visibility factor
simply by multiplying the magnification by the aperture in millimeters. For our
two binoculars above we obtain:

10 X 50 = 500
20 x 100 = 2000

The larger instrument has a visibility factor four times greater than the smaller
one. Bishop justifies this by stating: “in the larger instrument stars will be four
times brighter and extended images will have four times the area from which the
eyes can glean information, with luminances being the same.”’ While this is
objectively correct, I am not convinced that it reflects the subjective experience
of observing through both instruments.

Astro Index. Alan Adler’s’ astro index evaluates the product of the magnification
and the square root of the aperture in millimeters. For our two binoculars above,
we obtain:

10x~/50 =10x7.1=71
20%x/100 =20x10 =200

This gives the larger instrument an astro Index of 2.8 times the smaller one; this
is certainly closer to the experience of observing through them.

Others have tried to expand on these by including the effects of coatings, baffles,
and other aspects of individual quality, but, although these may be more precise,
they incorporate a certain amount of empirical experimental data and are not as
valuable for a quick evaluation, prior to purchase, of likely performance.’
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Field of View

In addition to the magnification and aperture, the other numerical factor that is
usually stated is the field of view. This is quoted in one of three ways:

« Degrees. This is the most useful factor for astronomers, since it gives you an indi-
cation of the amount of sky you will be able to see. The area of sky that will be
visible is directly proportional to the square of the angular field.

» Metres at 1,000 Meters. This factor is more useful for terrestrial use and is cur-
rently the most commonly found alternative to degrees. The approximate con-
version of this to degrees is to divide by 17.5. Thus 87 m at 1,000 m = (87/17.45)°
= 5° There is a conversion chart given in Appendix H.

+ Feet at 1,000 Yards. This factor is more useful for terrestrial use and is currently
most often found on binoculars intended for the U.S. market. The approximate
conversion of this to degrees is to divide by 52. Thus 364 ft at 1,000 yd = (364/52)°
= 7°. There is a conversion chart given in Appendix H.

Most, but not all, people prefer a wide field of view for astronomy. The true field
of view is dependent on the magnification and the apparent field of view of the
eyepiece:

True field = Apparent field + Magnification

Strictly speaking, an eyepiece can have an extremely large field of view, but this
deteriorates rapidly toward the edge, so it is limited by a field stop. There is always
a trade-off between field of view and edge quality. In general, a 50-degree apparent
field is a “standard” field, 65 degrees and above is considered to be “wide angle,”
and 80 degrees and above is designated “ultrawide angle.” By comparison, the field
of view of the unaided eyes is approximately 45 degrees (excluding peripheral
vision). Some manufacturers tend to be optimistic in their stated fields of view. In
practice, 65 degrees appears to be the upper limit for an apparent field; all binocu-
lars I have used with wider apparent fields have suffered from severe deterioration
of quality and easily noticeable vignetting in the outer part of the field, and those
of ultrawide angle have also appeared to have a poorer image quality even in the
center of the field when compared to standard field binoculars of a similar price.

Another problem associated with some very wide field eyepieces is the effect
that is colloquially called “kidney-beaning” or “flying shadows.” The colloquial
names are descriptive of what you see if your eyepieces are afflicted with this
problem, the correct name being spherical aberration of the exit pupil. Different
zones of the exit pupil are focused at different distances from the eyepiece, so your
eye is unable to focus on the entire field at once. If your eye is slightly off center,
the result is these flying shadows that are the shape of kidney beans. They tend to
be worse at night when your pupils are more dilated, and some people seem to be
more bothered by them than others.

While wide field views are an attraction to many people (a 7-degree field shows
an area of sky twice as large as a 5-degree field), magnification is an extremely
important factor for binocular astronomy, and a small cluster, nebula, or galaxy
that is detectable at X10 may appear to be stellar at X7.
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Eyecup unfolded

Without spectacles

Eyecup folded down Spectacle lens

With spectacles

Fold-down rubber eyecups permit the binocular to be used with spectacles

Figure 3.1. Eyecups.
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The eye relief of a binocular is the distance from the eyepiece that you need to place
your eye in order for all the light from the eyepiece to pass into your eye when the
exit pupil of the binocular is the same size as the pupil of your eye. It is the posi-
tion of what physics textbooks call the “eye ring” and can be defined as the posi-
tion of the image that the eyepiece forms of the objective lens. At this distance you
will be able to see the entire field of view and will have the brightest possible image.
Over the past decade manufacturers have become more aware that spectacle
wearers will seek out binoculars with adequate eye relief to enable them to see the
whole field of view. As with fields of view, several manufacturers tend to be some-
what “optimistic” in their quoted eye relief so, if you need to wear spectacles for
observing, you should verify in practice that the binoculars have a suitable eye
relief. So that binoculars can be used by people both with and without spectacles,
they will have eye cups that are either twist-down or fold-down to enable the
correct positioning of your eye (Figure 3.1). As eye relief increases, it becomes
increasingly difficult to position your eye precisely behind the eyepieces. This can
exacerbate the kidney bean effect if it is present.

Hand-held Binoculars

Hand-held binoculars are the choice for extreme portability, casual observing, and
as a preliminary “sky-scanner” used in conjunction with a larger instrument.
Almost all binoculars, including cheap plastic opera glasses, will show you more
than the naked eye, but a sensible lower limit of aperture for portable astronomi-
cal binoculars is 30 mm. If extreme portability is not an issue, 40 mm is significantly
better as it will admit more than 75 percent more light. As aperture increases, so
does the weight of the binocular, making it increasingly difficult to hold steadily.
The sensible upper limit of aperture for hand-holding is normally considered to
be 50 mm. Larger apertures than this can be held for short periods, but are too
tiring to use for anything other than very brief views.

For many years the commonsense view was that the limit to magnification for
hand-held 50-mm binoculars was Xx7. This is probably because 7x50 was, and still
is, the most common size of hand-held marine binoculars. While it is true that they
are easier to hold steady than, say 10x50, most of us do not do our astronomy from
the moving deck of a boat. There are very few astronomical objects that are better
at 7x50 than at 10x50, and it is perfectly possible to hold 10x50 binoculars
sufficiently steady when our observing platform is the ground (see Chapter 6).The
increased magnification of the 10x50 allows us to see more detail and generally
gives more satisfying views. This is reflected in its higher rating in every perfor-
mance index except relative brightness, and even this difference is reduced for
those of us whose pupils do not dilate sufficiently to enable us to use the full
7-mm exit pupil of the 7x50 (Figure 3.2).

There is perennial debate on whether, if you use small or medium-sized binoc-
ulars for astronomy, you should use Porro prism or roof prism binoculars. The
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Figure 3.2. Variety of 10x50 porro-prism binoculars. L to R: Older style centerfocus
Z-body with fixed eyecups (Zenith); Robust center-focus B-body style (Swift Newport);
Modern lightweight centerfocus Z-body with folding eyecups (Helios Naturesport); Robust
individual focus Z-body (Strathspey Marine).

conventional wisdom is that Porro prism binoculars are better for astronomy.
While it is certainly true that for the same price Porro prism binoculars tend to
have superior optical quality, good quality roof prism binoculars are as optically
and mechanically good as good quality Porro prism binoculars. The roof prism
binoculars tend to be lighter and more compact and are therefore generally easier
and more comfortable to hold. Over recent years I have found that I use my 10x42
roof prisms more than my 10x50 Porro prisms, and a side-by-side comparison
shows that I see no more in the Porros when I hand-hold them, although they do
show very slightly more when they are mounted. Roof prism binoculars also have
the advantage that they can more easily be made waterproof, as the focusing mech-
anism is usually internal.

If you choose Porro prism binoculars, you may also have a choice between
center-focus and independent eyepiece focus. There are no advantages to center
focus if the binoculars are to be used exclusively for astronomy, but if you intend
to use them for terrestrial purposes (e.g., bird watching or horse racing) then you
should get center focus. My preference for astronomy is independent focusing eye-
pieces. They tend to be more mechanically robust, do not suffer from a rocking
bridge, and modern ones tend to be waterproof and nitrogen filled, reducing the
likelihood of internal fogging.

Another option for hand-held binoculars is image stabilization. This feature
incorporates an electronic system that compensates for motion and vibration. Dif-
ferent manufacturers employ different stabilization systems, which were developed
initially for military surveillance and not for astronomy. A test report in Sky &- Tele-
scope suggests that the best stabilization system for astronomical observation is
that employed by Canon, whose optics were also superior.* In addition to the sta-
bilization system, the optics are essentially a roof prism system with a field flattener
(see Chapter 2) incorporated into the design. The stabilization system (see Chapter
2) compensates for shake and the result is that you can see fainter objects and more
detail. A 10x30 IS binocular will show most people more than a conventional
10x50. While a 10x30 IS is sufficiently lightweight (600 g/1.251b) to be held for rel-
atively long periods, the larger 15x50 IS and 18x50 IS are heavy enough to be tiring
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Figure 3.3. Canon
10x30 IS image
stabilized binoculars.
(Photo: Canon Inc.)

to hold for extended periods. If you are considering purchasing image stabilized
binoculars, you should be aware that the image stabilization mechanism requires
battery power, and that the life of batteries, particularly alkaline batteries, is
reduced in cold weather. Without power, the binoculars can be used as conven-
tional binoculars (Figure 3.3).

Mounted Binoculars

All binoculars will show more if they are mounted because this eliminates the
jiggles of being held. Even a small binocular will show objects a magnitude or so
fainter if it is mounted. If binoculars are going to be a main observing instrument,
it makes sense to acquire one of greater aperture and magnification than can be
held. Big binoculars in the aperture range of 60 to 100mm have become readily
available in recent years (Figure 3.4). Once you are dealing with big binoculars, you
are dealing with specialist instruments and can expect them to have features that
enhance the ease and pleasure of astronomical observing. These may include:

+ Mounting Plate. Because big binoculars necessarily have to be mounted, it is
common for them to incorporate a plate, with quarter-inch threaded holes, for
direct mounting to a photographic tripod or other mounting. This eliminates the
need for an L-bracket, which inevitably introduces an additional potential source
of instability and is yet another essential piece of equipment that has to be
remembered (Figure 3.5).

+ Angled Eyepieces. There is little to recommend in straight-through binoculars for
astronomical observing. They are considerably less comfortable than those with
angled eyepieces when you are observing at high elevations. Angled eyepieces
also permit the use of photographic or video tripods and heads because they
eliminate the need to “limbo-dance” under the tripod when you observe objects
of high elevation.

« Interchangeable Eyepieces. If binoculars are mounted, interchangeable eyepieces
become functionally useful. The ability to change magnification permits, within
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the limits of the mechanical and optical precision of the binocular, the best com-
bination of image brightness and contrast to be selected. Interchangeable eye-
pieces are usually friction-fit into the eyepiece holder, although some binoculars
have their eyepieces turret mounted so that the unused eyepieces cannot get
mislain or dropped. I am not convinced that this is a long-term advantage,

Figure 3.4.
Strathspey 15x70
binocular. These
Chinese binoculars,
which are sold with
different brand names,
have become very
popular in recent years.
(Photo: John G. Burns)

Figure 3.5. Bracket
attached to mounting
plate at the bottom
of 20/37x100
binoculars.
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because it introduces another feature that must be made to great precision and
detracts from the inherent simplicity of binoculars by adding to the number of
things that can go wrong. On the other hand, their advocates report this feature
to be extremely useful.

Binocular Telescopes

The distinction between “binoculars” and “binocular telescopes” is fuzzy to say the
least. The latter term is usually, but not exclusively, applied to binoculars larger
than 150 mm (6 inch) aperture, binoculars that use Newtonian- or Cassegrainian-
type optical systems, and those that are constructed from optical tubes initially
intended or sold as telescope tubes, usually using eyepieces that are sold for tele-
scopes. The majority are home constructed, but there are also commercially avail-
able models (Figures 3.6 and 3.7).

When these telescopes are home constructed, it is crucial to have a good focus-
ing mechanism that also allows for collimation. These instruments often work at
higher magnifications than equivalent binoculars, and, thus, collimation tolerances
are significantly more severe. Typically, they have to be recollimated every time
they are used, so ease of collimation is a must (Figure 3.8).

Figure 3.6. 250mm
(10 inch) aperture
binocular telescope by
JMI. The picture shows
the inside of the optical
tubes. (Photo: Jim's
Mobile Inc.)
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Figure 3.7. Binocular
telescope by Peter
Drew constructed from
two 150mm (6 inch)
Synta telescopes.

Figure 3.8. The
focusing, IPD, and
collimation mechanism
in the Synta-based
binocular telescope.
Collimation is achieved
by adjusting the
elliptical mirrors.
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Binoviewers

Binoviewers are designed to permit the use of two eyes with a single optical tube
assembly (Figures 3.9 and 3.10). The rationale for their use is that they offer some
of the advantages of binoculars with few attendant disadvantages. The obvious
advantages are the reduction in eye strain from using two eyes, the suppression of
the blind spot, and the aesthetics of false stereopsis (see Chapter 1). The obvious
disadvantage is the loss of light into each eye that results from the splitting of the
light into two optical paths and from the additional optical elements in each light
path. While binocular summation (see Chapter 1) can compensate for some of this
loss, the overall perception is that using a binoviewer is equivalent to a loss of about
one third of the illumination as compared to a single eyepiece. In addition, the cost
of providing matching eyepiece pairs, thus doubling the number of eyepieces
required when compared to a conventional telescope, is not one that can be
ignored, especially where good quality eyepieces are used. However, this is ame-
liorated to some extent by the development of binoviewers that incorporate the
facility of multiple magnifications without changing eyepieces.

An advantage that is not common to conventional binoculars is the ability to
use high magnifications without the need to collimate two optical tubes. Another
is that their use with telescopes of large aperture provides an equivalent aperture
that would be significantly more expensive and technologically difficult to achieve
with binoculars or binocular telescopes. A less obvious advantage when they are
used at high power concerns “floaters.” Floaters are strands of protein that float
within the transparent humors of the eye and become apparent, sometimes dis-
tractingly so, when one is observing with a small exit pupil. Users of binoviewers

Figure 3.9.
Denkmeier binoviewer
used with a limited
edition 12.5-inch f/6
Teeter's Telescopes
“PlanetKiller”
telescope. (Photo:
Copyright 2005, Teefer's

Telescopes)
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Figure 3.10.
Celestron binoviewer
attached to a Meade
10” LX50. (Photo:
courtesy of Gordon
Nason)

report that their visibility is suppressed, often to the point of elimination, proba-
bly in the same way as they suppress the blind spot (page 3).

If you are considering a binoviewer, you should ascertain its clear aperture, as
this will place a limit on the lowest power of eyepiece that you can use effectively.
In cheaper units this can be as little as 20 mm, restricting the eyepieces to those
with a field stop less than or equal to this. You should also ascertain whether your
telescope has sufficient back focus to permit it to be used with a binoviewer; a
Barlow lens in the “nose” of the binoviewer may enable this. Finally, you should
consider those that have self-centering eyepiece holders as this will eliminate any
miscollimation that may otherwise result from slightly undersized eyepiece barrels
being held off-center by thumbscrews.

Zoom Binoculars

The question of zoom binoculars is one that inevitably arises, not least because
there are good quality zoom felescopes and good quality astronomical zoom eye-
pieces on the market. I once made the comment that a decent zoom binocular for
astronomy had yet to be invented. A vastly experienced binocular repairman, Bill
Cook, retorted to the effect that my qualification “for astronomy” was redundant.
The reasons for this are simple. Not only must the eyepieces zoom to within
1 percent of exactly the same rate (which means absolutely no perceptible rocking
of the bridge), but a zoom binocular requires a system with moveable optical ele-
ments that must hold collimation, ideally to better than an arcminute where step
(a.k.a. dipvergence, a.k.a. supravergence) is concerned if one is approaching x30;
for the x125 that I have seen advertised for some zoom binoculars, this translates
to better than 15 arcseconds! Now, consider how many good quality center-focus
%30 binoculars you know of—I don’t know of any, and I am sure that part of the
reason must be that it would be a feat of technological brilliance (not to say
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expense!) to bridge two eyepieces in such a way that they maintain collimation to
within the tolerances that are required. (And remember that it is unlikely that they
will have a “base tolerance” of zero error.)

According to Seyfried, zoom binoculars were developed as a “gimmick to stim-
ulate sales” on the back of the success of zoom lenses for cameras.’ He also asserts
that the frequency with which they fail results in their being disproportionately
represented at binocular repair facilities and states that he has never seen a zoom
binocular that can hold collimation.

1. Bishop, R. “Binoculars.” In R. Gupta, ed., Observer’s Handbook 2003. Toronto: University
of Toronto Press, 2002, pp. 50, 51.

2. Adler, A. “Some Thoughts on Choosing and Using Binoculars for Astronomy.” Sky and
Telescope, 104 (3), September 2002: 94-98.

3. Zarenski, E. How-to Understand Binocular Performance. http://www.cloudynights.com/
documents/performance.pdf.

4. Seronik, G. “Image-Stabilized Binoculars Aplenty.” Sky and Telescope, 100 (1), July 2000:
59-64.

5. Seyfried,].W. Choosing, Using, & Repairing Binoculars. Ann Arbor: University Optics Inc.,
1995, pp. 10ff, 47.
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CHAPTER FOUR

Evaluating
Binoculars

Recently, a colleague told us of a local gas station that was offering 10x22 compact
binoculars for sale at under $5 each. On the reasoning that “you can’t go wrong at
that price,” the colleague acquired a pair for his son, who was very pleased with
them. Upon hearing of this, another colleague went to the gas station and bought
a pair for herself. When she got home and tried them out, she found that they gave
a double image, obviously a case of poor collimation. She returned them, where
the sales assistant took them and, without even checking them, placed them in a
box and replaced them with a new pair out of another box. My colleague was
satisfied with the replacement pair and pleased with the “service” she received from
the gas station.

A few weeks later, I took a group of students to see an international cricket match;
one of them was the son of the first colleague, who brought his new binoculars with
him. As usually happens, these binoculars were passed around among the students,
most of whom had never used binoculars at a sporting event, and they were
impressed with the magnified image and wanted repeated looks through the binoc-
ulars. To ease the demand, I passed around my good (but by no means superb)
quality 10x42. Every student immediately noticed the difference and it was obvious
that none had used binoculars of this quality before. As one put it: “These are
amazing, Mr. Tonkin. They are even clearer than eyesight!” The colleague’s son was,
as you can imagine, a bit deflated because his binoculars seemed so inferior. I
pointed out that mine had cost almost exactly a hundred times the cost of his. I
showed the students how to detect the off-axis chromatic aberration and pincush-
ion distortion in mine, and then asked them to consider if they thought that the
image in mine was a hundred times better.I also pointed out that mine could not be
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conveniently carried in a shirt pocket. Honor was satisfied and we got on with enjoy-
ing the match, albeit with my binoculars having far more use than the budget ones.
This pair of episodes illustrates several things:

+ Over the past few decades binocular manufacturing methods have improved to
the extent that, without any but the most rudimentary quality control checks,
binoculars of reasonable quality can be produced remarkably cheaply. Budget
quality binoculars can be produced so cheaply that they are effectively dispos-
able items.

« It is far more cost-effective for manufacturers of all but the best quality binocu-
lars to use the customer to do the quality control. It is cheaper merely to replace
the unsatisfactory (to the customer) instruments than it is to employ quality
control staff.

People will tend to be satisfied with poor quality unless they have something
better with which to compare it. The consequence of this is that many instru-
ments, which may have been rejected by effective quality control, will be accept-
able to some customers, particularly if the price is right.

+ Differences in optical quality can often be immediately apparent, even to
“untrained” people, most of whom are capable of performing simple tests for
common aberrations.

+ Once you have used good quality binoculars it is difficult to be satisfied with less.
However, we do become emotionally attached to our possessions and can readily
justify poor quality on the grounds of price or some other comparative benefit
like ultraportability.

+ Optics that are entirely free of aberrations exist only in the imagination and, to
a large extent, the old adage that you get what you pay for still holds true. For
recreational use, the determination of whether the extra quality is worth the
extra price is almost entirely a subjective one.

Hence, it is not only possible, but also very desirable, to be able to do some initial
testing of binoculars in the store where they are bought. With the advent of the
phenomenon that an ever increasing number of goods are bought, for reasons of
cost, over the Internet or by mail, the same applies to testing upon receipt of the
item. However, as you are aware, there is no substitute for the more demanding
tests that astronomical use makes of binoculars, so it is important that you ensure
that the vendor has a policy that will permit you to return them if they are unsat-
isfactory when they are used under the stars.

Preliminary Tests

A very large amount of information can be gleaned from some very basic prelim-
inary testing. This will eliminate binoculars that are grossly unsuitable. Remem-
ber that with very few exceptions, aberrations, faults, or features that are merely
irritating during initial testing will become infuriating under the stars. However,
while you should not expect to find a binocular that is entirely free of all aberra-
tions or faults, you should expect to find that they exist in lesser number and sever-
ity in more expensive instruments. What you can expect to have to accept depends
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to a large extent on your budget, and you may find that you are more sensitive to
some aberrations or faults than to others. Your final choice must inevitably be a
subjective one, but will ideally be one that is guided by a measure of objectivity.
With all tests that use touch or hearing, remember that closing your eyes tends to
make these senses more acute for many people.

Do not even consider fixed focus, zoom, or “quick focus” binoculars; they are
unsuitable for astronomy. Here is a list of things to look for in a quality pair of
binoculars:

+ Visual Overview. Reject any binoculars that have “ruby” optical coatings, loose
screws or screws with damaged heads, covering material that is not in complete
close contact with the binocular housing, scuff marks anywhere, any evidence of
dust or other foreign matter on the inside of the optics, or internal baffling that
is not uniformly matte black.

* Mechanical Overview. Give the binoculars a good shake. Reject any in which you
feel or hear any movement of components.

+ Focus Mechanism. Run the focus mechanism through its full range. The feel
should be uniform throughout the range and should not be too stiff or too loose.
If it is stiff, it is very difficult to find a precise focus. If it is loose, it is difficult to
maintain a good focus. Feel for any stiff regions or any “sloppy” regions. A dif-
ferent feel in different regions is indicative of poor mechanical tolerances in
manufacture. Feel for any difference between dynamic friction and static fric-
tion (“stiction”) by stopping the focus at various points throughout the focal
range and feeling for a slight jerk or “catch” when you start to refocus. This is
usually due to poor-quality lubricant and makes precise focusing difficult.
On binoculars that have individual eyepiece focusing, test each eyepiece focus
individually. On center-focus eyepieces, remember to test the focus ring of the
right-hand eyepiece.

* The Bridge. The bridge is the pair of arms that connects the eyepieces to the
center-post focus mechanism in Porro prism binoculars. All bridges will rock to
some extent and, as they do so, they change the focus of either or both sides of
the binocular. On well-made binoculars the rocking is minimal and requires con-
siderable pressure, more than will be put on the eyepiece housing in normal use.
On budget-quality binoculars there can be considerable rocking with minimal
pressure. This rocking gets worse with age. To test the bridge for rocking, merely
hold the binoculars by the prism housings with the eyepieces downward, then
press down alternately on the eyepiece housings with the tips of the forefingers.
The severity of any rocking becomes immediately apparent. If you are unsure
how it will affect you, hold the binoculars to your eyes, focus on something and,
by rocking the binoculars from side to side, put slight pressure alternately on
each eyepiece housing with your eye socket. If the focus changes, reject the
binoculars.

« Interpupillary Distance (IPD) Adjustment. In hand-held binoculars, the IPD
adjustment is usually the central hinge. For larger binoculars, it can be either a
hinge or eccentrically rotating prism housings or eyepiece turrets. If it is loose,
it is difficult to maintain any given IPD. If it is very stiff, or if it is jerky, it is
difficult to set the IPD. If only one person is to use the binoculars at any one time,
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this need not be a significant problem. Be aware that several center-hinge binoc-
ulars need to be folded to near the minimum IPD in order to fit into the case;
test if this is necessary with your IPD. Check that the IPD range accommodates
all intended users. Most binoculars do not cover the entire range of IPDs for
adults; this range is usually considered to be about 43 to 80 mm with a mean at
around 65mm, and about 90 percent of people have IPDs within 8 mm of the
mean. Most binoculars do not deviate more than about 10 mm from the mean.
If you know your IPD, the binocular IPD adjustment is easy to check merely by
using a piece of card with your IPD marked on it and holding it over the binoc-
ular eyepieces. If not, you can check this when you test the binoculars for optical
quality (below). Check that the eyepieces go comfortably to your eyes when the
IPD is set for you. If you have narrow-set or deep-set eyes, or if your nose has a
wide bridge, this may not be possible for you especially with wide-angle eye-
pieces, which are typically larger in diameter than “normal” ones (Figure 4.1).

Tripod Bush. You will be able to see significantly more with mounted binoculars
than with unmounted ones, even if you do intend to use them primarily as a
hand-held instrument. Most medium-sized modern binoculars have a quarter-
inch UNC (20 t.p.i.) bush in the distal end of the center-post. This bush is covered
by a cap, usually made of plastic, but sometimes of metal, which unscrews.
Remove it and check the quality of the bush. If possible, try an L-bracket and
ensure that you can easily connect the bracket to the binocular, with the thread
of the L-bracket bolt easily meshing with the thread in the bush without danger
of cross-threading. Remember that you will most likely be wanting to do this in
the dark, possibly with cold or gloved hands.

Prisms. Hold the binoculars away from you, pointing toward something relatively
bright (e.g., the sky or a light-colored wall or ceiling—not the Sun!), and look at

Figure 4.1. Wide-
angle eyepieces (top)
are of large diameter
and may be unusable
for people with narrow-
set eyes or wide noses.
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the bright circle of light in the eyepieces. If it is actually a circle, all well and good.
If it is tending toward lozenge shaped, this is an indication of undersized prisms;
undersized prisms are themselves indicative of cost-cutting. If there are blue-
gray segments of the circle with a brighter lozenge inside, this is indicative of
cheaper BK7 glass in the prisms (Figure 2.8). In both cases, the prisms will cause
some vignetting of the image. With roof prism binoculars, bring them up to the
eyes and carefully examine the image of the bright surface. Do you see a faint
line if you defocus your eyes? If so, you are seeing the “ridge” of the roof prism.
If the line is obtrusive, it will result in flaring of bright astronomical objects. This
is easier to test for using a bright point of light against a dark background, but
this is usually not available in the store.

* Eye Relief. When you look through the binoculars, the image in the eyepiece
should be surrounded by the crisp dark edge of a field stop at the mutual focus
of the eyepiece and objective. If there is insufficient eye relief, you cannot get
your eye sufficiently close to enable this. Most modern binoculars have fold-
down rubber eyecups around the eyepieces to enable their use by spectacle
wearers (Figure 3.1). However, not all rubber eyecups fold down, and not all
permit a bespectacled observer to get his eyes sufficiently close. Even if you do
not wear spectacles, do check that the eyecups fold down. On cold or dewy night,
warm moisture evaporating from your eye can condense on the eyepiece, causing
it to fog. If you fold the eyecup down, air can circulate between your eye and the
eyepiece, reducing the likelihood of fogging.

+ Comfort. Comfort is particularly important if you intend to use hand-held binoc-
ulars for long periods of time. In general, lighter binoculars are less tiring to
hold, but this is not always the case. A heavier binocular that is well designed
from an ergonomic perspective can be less tiring than a lighter instrument that
is poorly designed. There is no substitute for experiment when it comes to deter-
mining how a particular binocular suits you as an individual. When you perform
the optical tests below, take your time and perform them consecutively without
taking the binoculars from your eyes. Be conscious of how tired your arms
become.

+ Focus. (See also “Spherical Aberration” below.) To focus a binocular, do one
optical tube at a time, with the other side covered with a lens cap on the objec-
tive side. First, set the interpupillary distance. Check by alternately shutting eyes
or alternately covering objective lenses, so you have a complete field of view, sur-
rounded by the field stop, on both sides. If the eyepieces focus independently, it
does not matter in which order you do them. With center-focus binoculars, cap
the right-hand objective and focus the left-hand optical tube on a distant object
with the focus wheel (called “focus band” in some binocular instruction sheets).
Critically examine the image to determine if it “snaps” to a good focus or if there
is a range where it looks less “mushy.” When you have the best focus, swap the
lens cap to the left objective and, without adjusting the focus wheel, focus the
right-hand tube with the focus ring on the right-hand eyepiece housing. Again,
critically examine the focus. Remove the lens cap and again examine the focus.
Then focus on a nearer object and, by alternately covering the objective lenses,
verify that both sides are focused, not merely the one used by your dominant
eye. Do not be tempted to use a hand instead of a lens cap or, worse, to focus



54 Binocular Astronomy

individual tubes by closing one eye; this is rarely satisfactory. The hand almost
always changes the mutual orientation of eyes and binoculars from the usual
observing position. This is true also when the binocular is mounted, merely
because of the act of stretching the arm to a non-observing position. Closing one
eye can cause the other to squint. When you do visual optical tests, you want your
eyes and body to be relaxed.

Focal Range. When binoculars are used for astronomy, it is notimmediately appar-
ent why one would need any focal distance other than infinity. There is, of course,
the trivial case of the applicability of binoculars to terrestrial use, which often
requires that you can focus them closer than infinity. The other case is that of eye-
glass wearers who wish to observe without eyeglasses. If your eyes are hyperme-
tropic (farsighted), there is usually no problem because the binocular adjustment
is to what would be focus on a nearer object for a person with normal vision.
However, if your eyes are myopic (nearsighted), to focus on an object at infinity
the binocular must be adjusted to focus on what, to a person would normal vision,
would be beyond infinity. Whereas most binoculars have some facility for this, the
amount of extra focus travel varies enormously. If your eyes are myopic and you
wish to observe without your eyeglasses, you should verify that the binoculars
have sufficient focal range to accommodate your eyesight. You should try to focus
on an object at as great a distance as possible—at least a Kilometer (about half a
mile), but preferably more—away from you. Additionally, because the depth of
focus of your eyes is reduced when your pupils are dilated, as they will be when
the binoculars are used for astronomy, you should try to focus on a dark object
without a bright background. Dark vegetation on the horizon is ideal. Be aware
that you will almost certainly need a bit more “beyond infinity” travel at night time
than you need during the day, so allow for this.

Internal Reflections. Internal reflections, be they reflections off the interior walls
or components of the binoculars, or “ghost” reflections off poorly designed or
inadequately coated optical components, are both distracting and detrimental to
astronomical observation. They tend to be most obtrusive when a small bright
object is observed, off-axis, against a dark background (i.e., exactly the condi-
tions that are often found in astronomical observation!). To test for this, use a
bright light source (not the Sun), such as a recessed halogen lamp in the store
ceiling or a Mini-Maglite® with the lens assembly removed, slightly off axis.

Chromatic Aberration. All binoculars will exhibit some degree of chromatic aber-
ration. In very good binoculars it may only be noticed off-axis and then only just
perceptible. The purpose of this test is to compare binoculars, not to find one
that is perfectly achromatic. Chromatic aberration is most obtrusive with high-
contrast objects, such as many astronomical targets. Although it may not be
noticeable on fainter or lower-contrast objects, if it is present it will degrade the
image by reducing contrast. The simplest daytime test is usually to view a distant
television antenna or electricity post or similar object against a bright sky. It is
important to ensure that the IPD is properly set, since chromatic aberration can
often be induced by moving the eye off axis. Focus the target object at the center
of the field and slowly pan the binoculars so that the object moves toward the
edge. Chromatic aberration will be visible as colored fringes at the interface of
light and dark, usually magenta on one side and cyan on the other.
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« Spherical Aberration. (See also “Focus” above.) Spherical aberration occurs when
light from different regions of the lens is focused at different distances from the
lens. It is usually well corrected for in modern binoculars, but does exist in
budget ones. It is visible as a “mushy” focus (i.e., an object at the center of the
field of view does not “snap” to a good focus).

« Field Curvature. Lenses do not focus images on a plane, but on a curved surface
that is concave toward the lens. The result is that if the eyepiece is focused on an
object at the center of the field of view, objects at the edge will be out of focus.
This is field curvature and it is potentially present in all binoculars. In excellent
binoculars it may not be noticeable at all; in budget binoculars it can be obtru-
sive less than halfway to the edge of the field. Unless it is severe, it is not a major
problem for daytime use, where the attention is on objects at the center of the
field of view, but astronomers prefer pinpoint star images right to the edge. It
can be ameliorated by addition of extra lens elements, and the field of view can
be limited by field stops so that it is not apparent. The extra lens elements will
absorb some light and reduce contrast, an important consideration for astro-
nomical use. In ultrawide-angle binoculars, unless they are extremely well
designed, it can render most of the field of view unusable for astronomy, thus
negating the perceived advantage of a wide apparent field of view. To test for it,
merely focus on an object at the center of the field of view and move the binoc-
ulars so that the object moves toward the edge. If it goes out of focus but can be
refocused, this is field curvature. (If it cannot be refocused, it is probably coma.)

+ Coma. Coma is a form of off-axis spherical aberration. It is very difficult to test
for during the day as it requires a point source of light. This is sometimes pos-
sible by viewing a glint of sunlight reflected off a very curved shiny object such
as a metal car radio antenna. Focus the glint on the center of the field and move
the binoculars so that the object moves toward the edge. If coma is present, the
image of the glint will flare toward the edge of the field, giving it the appearance
of a comet (hence the name coma) with its head toward the center. Coma is often
present in binoculars that are not specifically designed for astronomy. This is
because it is not normally visible or particularly degrading of daylight images,
largely because birders, for example, use binoculars to examine birds at the center
of the field.

« Astigmatism. Astigmatism is an aberration that, like coma, is very difficult to test
for during the day. It manifests itself as a point object, such as a glint of sunlight,
being seen as a short line when just out of best focus, that changes orientation
through 90 degrees from one side of focus to the other.

« Vignetting. Vignetting results from the outer parts of the field of view not being
illuminated by the whole of the objective lens. It manifests itself as a darkening
toward the edge of the image. It is present in all terrestrial binoculars, where it
is not obtrusive when they are used to examine objects at the center of the field
of view, and most astronomical binoculars. Mild vignetting can be difficult to
test for during daylight because the human visual system readily adapts to a very
large range of illumination, but flicking the gaze back and forth between the edge
and center of the field of view will usually reveal it.

* Kidney-bean Effect. The kidney-bean effect, also known as flying shadows, is an
affliction associated with some widefield eyepieces and is a result of spherical
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aberration of the exit pupil. Instead of being a flat disc, the exit pupil is curved
and it is therefore impossible to focus the entire field of view at once so you have
to hold the binocular slightly further from the eye to focus one zone than another.
There is a position at which your iris will cut off the light from a zone between
the center and the periphery and, if your eye is not perfectly aligned with the
optical axis of the eyepiece, the result is these flying shadows that have the shape
of a kidney bean. The effect is more pronounced in daylight, or when viewing a
bright Moon, than at night, and is therefore best tested for during daylight.

Distortion. Almost all binoculars will exhibit some distortion toward the edge of
the field. To test for it, focus on a straight object, such as a telephone pole or a
roof ridge that extends across the diameter of the field of view. Move the binoc-
ulars so that the edge of the object forms a chord near the periphery of the field.
If the object curves inward toward the middle, you have pincushion distortion;
if it curves outward, you have barrel distortion. A small amount of pincushion
distortion can be desirable for terrestrial use, but it has no advantages—or
significant disadvantages—for astronomy.

It is a common phenomenon, even among experienced binocular users, that
when they optically evaluate a binocular, they notice pincushion distortion and
comment adversely on it. It is far less common (I hope that this book will go
some way toward remedying this) that they know the whole reason. It is indeed
true that pincushion distortion, which manifests itself as straight lines at the edge
of the field of view appearing to curve in toward the middle of the field, results
from increasing angular magnification away from the center of the field, but this
difference in magnification is not an error, it is intended. If there is equal angular
magnification, the linear magnification at the edge of the field is less than in the
center, and an optical phenomenon called rolling ball effect occurs when the
binocular is panned. This may not be noticeable when the binocular is used
astronomically, but when it occurs in terrestrial use, it can be distinctly unpleas-
ant and even cause nausea. A small measure of pincushion distortion eliminates
this rolling effect. Different manufacturers choose different compromises
between rolling ball and pincushion; the choice of which particular compromise
is best is entirely subjective.

Collimation. Unless miscollimation is severe, this is usually considered to be the
most difficult condition for which to test. Unfortunately, it is present in a large
number of lower-priced binoculars. Severe cases manifest as a double image that
cannot be eliminated. Our eyes can compensate for mild miscollimation, but the
price is eyestrain, which can lead to fatigue and headaches if it is prolonged. The
acceptable limits for miscollimation are given in Chapter 2, but these limits are
not ones that can be measured during a preliminary test. A daylight test for con-
vergence and divergence would be to support the binoculars and focus on a
distant vertical target such as the edge of the wall of a building or a telephone
pole, and close one eye and place the target at the edge of the field of view. Alter-
nately close your eyes and see if the image in one eye is laterally displaced from
that in the other. To test for step (i.e., vertical shift), use a horizontal target such
as the ridge of a distant roof. We are far less tolerant of step than we are of con-
vergence or divergence, so if you detect any step at all, you should reject the
binoculars.
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If binoculars will be used for astronomy, there is no substitute for field testing them
under the stars. The night sky offers the potential of objective and quantitative
testing that is not easily available in daylight without relatively sophisticated
optical equipment. In addition, with the exception of distortion and kidney bean,
all the optical tests detailed above are easier to perform under the night sky. You
will obtain better, and more easily comparable, results if you mount the binocu-
lars. Here is a list of tests to perform at night:

* Overall Optical Performance. You can perform a simple and, to some extent,
quantifiable test of the optical quality of your binoculars by determining the
closest double stars that you can distinguish. In general, double stars, those with
components of approximately the same magnitude, are easier to split than those
that have components of significantly different magnitudes. The ability to sepa-
rate double stars is obviously a function of magnification, so you should there-
fore expect binoculars with higher magnifications to routinely outperform those
with lower magnifications. Because you are observing at low magnification, you
should not expect to see the close separations that are discernible with telescopes
of similar aperture working at high magnification. You should also be aware that
differences between sky conditions at different times and places and differences
in the optical acuity and observing experience of different observers restrict the
objectivity of this test. It does, however, enable a single observer to compare the
general optical performance of different binoculars with a high level of
confidence. A table of appropriate double stars is given in Appendix A.

« Limiting Magnitude. The standard way of establishing the limiting magnitude of
an instrument is to count the stars in a known region of sky. Some useful regions
applicable to binoculars are detailed in Appendix B.

* True Field of View. When you are trying to find objects by star-hopping, it is
essential to know what the true field of view of your binoculars is. The field of
view that manufacturers state for their binoculars are not always correct, and,
when wrong, they tend to err on the optimistic side. By placing stars of known
separation at diametrically opposite sides of the binocular field, you can easily
determine its true field of view. Similarly, if the field of view is severely degraded
toward the periphery, you can determine the size of what you consider to be the
usable field. A table of convenient star pairings, with relevant charts, is given in
Appendix C.

« Field of View. Field of view is a very personal thing. Most people seem to prefer
a wider field of view, such as that from an ultrawide eyepiece, giving 82 degrees
or so of apparent field of view and perceive apparent fields of view of less than
about 65 degrees to be akin to tunnel vision. Others find that a narrower appar-
ent field of view helps them concentrate on the object under observation and
they dislike having to “look around” to find the edges of the field of view.

» Collimation. Poor collimation is more obtrusive, and thus easier to test for, at
night. Focus the binoculars on a reasonably bright star, then carefully move the
binoculars away, keeping the image in view, until the binoculars are about 15 to
20cm (6 to 8in) from your eyes. If you still have a single image, the binoculars
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are probably collimated within acceptable limits. If the images from each optical
tube separate from each other, then the binoculars are miscollimated and will
cause eye strain.

You should not expect to find a binocular that is perfect in every respect, but
these simple tests should enable you to make a reasonably good assessment of the
binocular in hand and to compare it to other binoculars.



CHAPTER FIVE

Care and
Maintenance of
Binoculars

Binoculars are generally robust and require very little maintenance if they are
properly cared for. As with any other optical equipment, indeed any equipment,
prevention and preemptive maintenance are considerably preferable to curative
maintenance and repair. There are five categories of foreign matter that can
threaten the well-being of binoculars. In no particular order these are:

* Moisture. This can invade the binocular either by condensation or from direct
exposure to water.

« User-originated grime. This includes grease from fingers and eyelashes, spillage
of food and drink, hair, and flakes of dead skin.

+ Environmental grime. Dust is the usual culprit here, but grit can also enter the
binocular in some circumstances.

+ Flora. The usual culprits are algae and fungi.

+ Fauna. Arthropods, especially insects and arachnids, can find ideal homes in the
nooks an crannies of binoculars and their cases. William Gascoyne invented
the eyepiece reticle after a spider had spun its web near the focal plane of his
telescope!

A rain guard is a cover for the eyepieces of a binocular. It is intended to protect
the eyepieces of binoculars when they are slung from the neck in the rain or snow.
As observational astronomers, we tend not to pursue our hobby in the rain, so pre-
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Figure 5.1. Eyepiece
rainguard. The
rainguard attaches to
the strap and can be
slipped over the
eyepieces when the
binocular is not being
used.

cipitation is a relatively unlikely source of moisture. Despite this, a rain guard is
an invaluable addition to any binocular, particularly one that is hung from the
neck. Rain guards protect the eyepieces against spillage of food and drink and
against any other descending particulate matter, whatever its origin. For this
reason, a rain guard is most valuable if it is of the kind that can be attached to the
neck strap so that it is immediately available for use. It soon becomes second nature
to put the guard over the eyepieces when you pause in observing, and the reduc-
tion in frequency with which eyepieces need to be cleaned is very noticeable
(Figure 5.1).

Although moisture from precipitation does not usually affect an astronomical
binocular, condensation can affect it. In terms of frequency of occurrence of
damage, condensation is by far the most harmful source of deterioration of astro-
nomical binoculars. Condensation on the external optical surfaces results in being
wiped more frequently than would otherwise be necessary, with the attendant
damage that all too often accompanies frequent cleaning. (To protect against con-
densation in use, see the section on dew prevention in Chapter 7.) Condensation
on internal optical surfaces may lead to inexpert dismantling of the binoculars,
which itself can lead to damage, in an attempt to gain access to and clean the
affected surfaces. The water itself accelerates the corrosion of the metal parts of
the binocular, especially if there are places where two different metals are in
contact. This corrosion leads to stiffness in moving parts and this stiffness, allied
to the corrosion, accelerates the wear of these parts. Moist surfaces are a sine qua
non for the growth of algae and fungi; so if you keep moisture at bay, you will keep
these flora at bay also.

Much of this condensation damage ultimately results from failing to cap the
binoculars at the end of an observation session. The cold binocular is taken into a
relatively warm and humid place, where moisture from the air condenses on the
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colder surfaces of the binocular. Lens caps and cases then act to hold the moisture
in place. It is a good practice to bring the binoculars indoors uncapped, place them
horizontally on a firm flat surface in the room in which they are to be stored until
they have reached thermal equilibrium, then cap them and put them in their cases.
It is an even better practice to cap them outdoors before bringing them in unless
the surfaces have been affected by dew.

Ideally, binoculars should be stored in a cool dry place; certainly not one that is
subject to great fluctuations of temperature and humidity. I store mine in a closet
in an unheated part of the house. Cases and caps help to guard against arthropods
that might otherwise take up residence. Multipurpose “grab-and-go” binoculars are
often stored, uncased and uncapped, on interior windowsills, where they are
instantly available should an object of interest be spotted. They are placed resting
on their objective ends, so the objective lenses are protected to some extent. On
the other hand, the eyepieces of such binoculars act as dust magnets and soon
show the marks of frequent scouring. If you must store your multipurpose bino-
culars in this manner, at least use eyepiece lens caps or a rain guard to keep the
dust at bay. Even better, store them somewhere where they are less likely to be dis-
lodged by other household members and are less likely to have to endure the
tremendous temperature ranges to which a black object on a sunny windowsill is
subjected. Those who store binoculars on windowsills are second only to those who
use unmounted binoculars without a neck strap in ensuring the survival of the
binocular repair industry!

Some years ago I used to maintain a 20 x 120 naval binocular of 1940s vintage. It
had two small mesh-lined inserts into which a desiccant, presumably anhydrous
calcium chloride, could be placed. This would reduce the likelihood of condensa-
tion on the internal optical surfaces. Today we do not use internal desiccants, but
rather fill the binocular with dry nitrogen and make it gas-tight. Nevertheless,
desiccants still have their place. The currently preferred desiccant is silica gel, an
amorphous form of silicon dioxide that can adsorb up to a third of its own weight
of water onto its surface (of which it has about 700 m* per gram!). It can be regen-
erated by heating it in an oven to between 125° and 200°C (250° and 400°F).

Sachets of silica gel are included with a multitude of modern electronic devices,
as well as with binoculars. I tape a sachet to the inside of each of my small bino-
cular cases and also to the inside of each objective lens cap of my 100-mm bino-
culars. This is possibly a bit of overkill, but it seems to be a small effort to eliminate
an inconvenience that may necessitate a far greater effort to remedy.

If binoculars are placed in contact with a gritty surface, it is all but inevitable that
some grit will end up where it is not wanted. Sea sand is the most pernicious
species of grit; even if you ensure that your hands, and anything else that touches



62 Binocular Astronomy

the binocular, are meticulously clean, you can almost guarantee that wind-blown
sand will find a way in. The result is that tell-tale crunching sound as the abrasion
of a moving part starts to occur!

In reality, you cannot expect to keep grit entirely away from binoculars if they
are actually going to be used. You can take the obvious precautions (above) to
reduce the contact with grit and also try to ensure that no grease seeps from the
moving parts of the binocular. Grease traps grit. It also tends to get transferred,
with or without the grit for which it is often a vector, to optical surfaces. Particu-
larly unpleasant is the grease that is used in some binoculars of Far Eastern origin;
it seems to be more akin to an adhesive than a lubricant. It is important, therefore,
to remove any exposed grease. This is most easily done with a paper towel or tissue,
since paper tends to absorb oils and grease.

It cannot be overemphasised that by far the best form of cleaning of optical sur-
faces is to prevent the dirt from accumulating there in the first place (i.e., use rain
guards, lens caps, and cases whenever appropriate). The reason for this is that it is
extremely easy to damage optical surfaces by cleaning them. In reality, an optical
surface has to be quite filthy before the dirt has an optical effect that is significantly
noticeable during visual observation and there is a real need to clean it. The objec-
tive lenses of my binoculars go for years without being cleaned, and the eyepieces
may only be cleaned once a year, although those that I use for star parties tend to
need a clean after each event.

My full binocular optical cleaning kit consists of the following items (Figure 5.2):

« Puffer Brush with Retractable Soft Bristles. This is my first line of attack. Most
dust and so forth can be blown off with the puffer alone. If it is more stubborn,
I deploy the bristles and use them in conjunction with the puffer. Flick the brush
quickly over the lens surface while puffing the bulb. After each stroke across the

Figure 5.2. Cleaning
kit. Top L fo R: Lens
tissue, microfiber cloth.
Middle: camel-hair
brush, blower brush,
Opti-Clean. Bottom:
Lens Pen.
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lens, flick any accumulated dust off the brush, while giving a sharp puff to help
dislodge it. Be very careful if you use canned air as a blower—the propellant can
damage lens coatings.

* Microfiber Cloth. I keep one of these in each binocular case. To use it, hold the
binocular so that the affected lens surface is facing down, then gently flick an
edge of the cloth over the lens to remove any dust. If any deposit remains, breathe
on the lens to moisten it slightly, then gently wipe the lens from center to periph-
ery. Microfiber is quite good at removing grease and finger prints. Never rub the
lens with a circular motion and never wipe from the periphery to the center. If
there are trapped particles that could scratch the optical surface, they will be
trapped in the lens surround; they are relatively safe there, so don’t accidentally
dislodge them.

« Lens Tissue. Lens tissue is particularly useful on small lenses. It can be made into
a swab rather like a cotton bud by folding it into a strip and wrapping it around
the end of a toothpick. Dampen it in cleaning fluid and use it in light strokes
from the center to the periphery of the lens.

+ Lens Pen®. A Lens Pen incorporates a retractable soft brush and a cleaning pad
that is recharged with cleaning fluid from an impregnated piece of foam in its
cap. It is particularly good at removing eyelash grease and fingerprints. First, use
the brush to remove any dust. When you are sure that the lens surface is clear of
particles, clean the deposits with the pad, taking care not to drag any particles
from the lens surround.

+ Opti-Clean. Opti-Clean is a polymer-based cleaning product that was developed
to clean silicon wafers used in the microelectronics industry and is now mar-
keted primarily for cleaning photographic lenses. It is suitable for any glass lens.
It is a transparent liquid that is applied to the lens surface. As it dries, it forms a
skin. When the skin is peeled off with an adhesive tab, it pulls any grease and
grime with it, leaving the lens in pristine condition. It seems expensive, but it
lasts for a very long time—I have had a 5ml vial of it for about ten years. Note:
There are different products with the same name used for contact lenses and in
dentistry.

There are other proprietary cleaning fluids available from photographic outlets.
Alternatively, you can make your own. My recipe is:

6 parts distilled water
1 part pure isopropyl alcohol (IPA).
2 drops liquid detergent (e.g., mild dishwashing liquid)

Apply it to the lens with a a lint-free cotton swab or a swab made of lens tissue
wrapped around the end of a toothpick. Dampen the swab and swab the lens from
center to periphery, rolling the swab so as to lift any grime away from the surface.
Be careful not to overmoisten the swab so you don’t get liquid into the lens sur-
round. You can dry the lens with a dry swab or with a clean lens tissue.

However you clean the lens, be careful not to rub it any more than absolutely
necessary. Not only does rubbing increase the likelihood of damage to the lens
surface or coatings, but rubbing with a dry cloth or tissue can cause the build-up
of a static electric charge on the lens surface. This charge will attract dust or lint,
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and it will be extremely difficult to dislodge. If this does happen, you will need to
use a water-based cleaning solution (such as the one above) to get rid of the static
electric charge.

Dismantling Binoculars

In general, you should not attempt to dismantle your binocular. Unless you know
precisely what you are doing, you run the risk of causing more damage than you
are attempting to remedy! You would also immediately void any warranty. The
single exception for the layperson is when a faulty binocular has been pronounced,
by someone who is qualified to do so, unworthy of repair, either due to the extent
of the damage or because the cost of repair would exceed the value of the bino-
culars. In these instances, there is a valuable experience to be gained.

The faults that can be relatively easily repaired are dust or flora in the binocu-
lar, prisms that have been displaced by impact, and grit or failed lubrication in
moving parts. The simplest binoculars to dismantle are Porro prism varieties. If
you attempt this, which you do entirely at your own risk, first prepare your work
surface. I prefer to cover the work surface with plain white paper—sheets of acid-
free tissue are ideal. I have a few plastic containers for components, and I ensure
that any tools I use are clean. I use disposable powder-free latex gloves to handle
optical components.

If the binocular has a Zeiss-type body, the objective tubes can be simply
unscrewed from the binocular body (Figure 5.3), giving access to the inside surface
of the objective lenses. The lower prism cover plates can then be removed, giving
access to the lower prisms. These are often held in place by clips. In the Bausch &
Lomb type of body, the objective cell must be removed from the tube. First remove
the front protective ring—this usually simply unscrews. In this type of binocular
housing, you do not gain access to the prisms from this end.

The objective lenses are held into their cells (which, in Zeiss types may be inte-
gral with the objective tubes) by a locking ring and usually a seal ring. The locking
ring should be removed using a peg-spanner, but this can be done with extreme care
with a small screwdriver with a blade that fits into the recess on the ring. The danger
of scratching the lens is very