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PREFACE

Cerro Paranal, Chile 2009

In a first intention thesenotes were created for my owreussii f | notesl nnbehded
to substitute a good textbook on operational or astrononinstiumentation.Therefore |
apologize to the readef they seem sometimadittlei cr y pt i c 0

Just because of that they might be useful tor those who seek practical detaitgind
elsewhere.

These notes ar¢he result of over 15 years of collectimgy own data, exept when
specifically quoted as thevork of other persons or institutions. These notes are freely
available, but for the same ethicarinciple please citethis sourcefor partial or total
reproduction

In my opinion, the new "frontiers" of amateastronomy are spectroscopy, photometric
detection of exoplanet$ N O ansl radio astronomy. This excitimgork requiresa larger
knowledge and equipment, but the resattsworth the effort.

| want to thank my colleague and friend Boris Fifilz his cortribution of A D E ESKY
VISUAL OBSERVATIOND these notes

Joan Genebrieedruary 2016
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Tacande Observatory location characteristics, La Palma, Spain

GPS data

Lon: 17d62m 03.71s W (17°.86763\(B42°.1324)

Lat: 28 2386986 N) (28U0.6416
Height: 762n.

Local Time Zone: GMT(U.T.)

Winter local time = U.T.
Summer local timé&h. = U.T.
Sunmeantime = U.T.0 (1h+11.5m)

Astronomy Quality

- Limit naked eymagnitude in a moonless night2
- Sky backgroungho Moon) arcsec "2: 22.3

- FWHM night time: &

- FWHM morningdaytimel 62 6

General notes:

- It is necessary to close thleutterdomewhenthe indoor humidity exceeds 908ad
or if thewind speed exceeds 20 m/sec. Kta / h) or in case of high atmospheric
dust levelgCalima).

- In the area offacandeand because dhe orography the sun(or other objectiare not
visible up toonehour(about 10° heightsftertheirrise time

- Thelower hatchof Ash Dome,cause®bstruction to the T40fklescope aessthan
45° abovdhehorizon (if remains in place) or at more than 45° if latched.

- Thetelescope T400seful windowof observatiorin Declinatian isfrom +90° to
-4 In facty,it could reach61.5 ° DEC butlocal orography aregust allow till -48.1°

Real visible declination from Tacande= 61.5° (Orographic horizon) =-49.0°
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| 8 VISUAL OBSERVATION

Courtesy of Boris Fritz

Today, the visual observation ofdieepsky is much less popular than astrophotography, but

its basic argument is its si mpdnocamergs,not her ed
PCs etc.; it is even possible to use azimuthally mounted instruments, such as Dobson
telescopes. Binoculars and very small telescopes (75 to 100mm diameter) offer beautiful vistas

of many objects. What fascinates the visual observerfeeling of being in direct contact

with the wonders of the Universe, although of course the objects are not seen in the same
manner as ooolorimages.

But one should not expect the best possible results right from the beginning. A novice
observer fishas to train his or her eyes, because the human eye works in a different manner

at night, in the dark and behind the eyepiece.

Important requirements

The single most important factdioften underestimatedlis having a dark sky. From the

cities it is impossible to enjoy the deep sky, even when using a big scope. It is easy to
understand that what makes a faint nebulosity visible is its contraghagkinsiackground.

If the background brightness is equal to or brighter than the nebula or galaxy, the latter will
remain invisible independent of the telescopic aperture! It is true that a larger telescope will
coll ect mor e | i g lkarbrightehaad fa@inter stats gan bebsgea)cbutsn the p p
case of a sky plagued by light pollution, a brighter image is of no help, because a telescope
does not augmenthe contrast between the object and the sky.

The eyepieces, often underrated, are astanpas the telescope itself. With poor eyepieces,

the best telescope optics candt give a good
sky observing is contrast, and the latter is defined by the sky and the instrumentation used
(telescope + epeece). It is not necessary to have more than 4 or 5 good eyepieces. They
should cover the range of magnifications well, because for the wealth of different deep sky
objects, we will need both the lowest and the highest magnifications our telesdéopwe will al

V: Magnification
Omega (exit pupil) =D /V (mm) D: Diameter of the telescope (mm)
F: Eyepiece field (degrees)

Field of view (FOV) = F/V (degrees) Ethos= 100°
Nagler = 82°
Erfle = 68°
Plossl = 50°
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The lavest useful magnification is one that gives an exit pupil of some 7mm (for a telescope of
280mm, for instance, the lowest power would be 40x). In the dark, the pupil of the human eye
attains a diameter of about 7mm (naturally there are variations foomqpesson; at

increasing age the pupil opens less). If we would use a still lower magnification, for example
one yielding an exit pupil of 9mm, we would present our pupil more light than it can take in,
and therefore nothing is gained in image brightnes

The maximum useful magnification is not fixed, and depends on the state of the atmosphere
(seeing), quality of the optics and the type of object and is to observe. The general rule says
that the maxi mum power i 9illimeters@doea 280men thisel e s c o
would be a power of 560x).

*Edi t or*®®Bdintod rensimportart eyepiece characteristic is the eye relief.
This is the distance between eyepiece and o
eyeglasses users have to be not less that 20 mm. or better 25 mm.

Observing techniques

When starting an observing night the first step is teadapk the eyes, by avoiding
exposition to any brilliant light. Our eyes adapt to night vision in two steps: the first is a
comparatively quick process, as the pupil widens to collect more eigliolldtvs a chemical

change, which takes more time (between 20 and 30 minutes) and results in a more important
sensitivity increase. This is why an adaptation time of at least 20 to 30 minutes is
recommended if one is to observe objects at the linsiai.tnote

It is best to observe in a comfortable position (ideally seated) and being well rested. The eye
brain system, responsible for what we perceive, needs a supply of oxygen for working at its
best. For this it is very beneficial taking briekbraaay from the eyepiece, walking around or
exercising. Especially when observing objects at the limit of detection it is better to take several
short looks than staring intensely into the eyepiece for minutes.

The most important technique in visuapdeky observing is without question the averted
vision, which consists in looking slightly to the side of the object, and not directly at it. This is
not done during the day, but the most sensitive light receptors are not at the centre of our eye
but distibuted around it. It cannot be generalized in which direction one has to look, if to the
right, left, above or below the objetessery observer must find his or her own most sensitive
spot in the eye by trying.

Unfortunately, as we move away from tbical axis, the ability to resolve details quickly
decreases. Furthermore, thedggln s i t i ve receptors at the eyebod
color.

*Edi t orSome observees think that dark adaptation is a much longer process and that

it is recommendable to not expose the eyes to sunlight during the hours previous to a night of
extreme observing.
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Limiting magnitude

The limiting magnitude designates the faintest star visible, whether with the unaided eye,
binoculars or a telescopeisThas always been a delicate and controversial astronomical topic,
in part because the limiting magnitude depends on manya(eijefactors. Of greatest
importance is the epeoperand the experience of the observer cannot be quantified by any
formula. An investigation with 20 observers in Germany carried out in 2004 came up with a
scatter of 1.7 magnitudes: the observers participating rated the limiting magnitude of the site
anywhere from 5.0 to 6.7, although everybody was observing at ttimeamd from the

same site! With regard to the telescopic limiting magnitude, apart from the sky conditions
(transparencgnds e ei ng) one has to consider the obser
the magnification, the light transmission antityjo@ all optical surfaces (including of course

the eyepiece) and, depending of the telescope type, the central obstruction.

Generally a limiting magnitude of 6.%.0 is indicated for a dark rural sky (note: all
magnitudes mentioned are alwaysvmagnitudes V). But there are severatlo@iimented

cases where observers have gone to magnitudl®.4.@nder the best conditions! Here it
should be noted that the | imiting magnitude
guestion oflefinition: some say that the star in question should be hold in view constantly for
some seconds, while others define fst simply as the faintest star detectable (a brief glimpse is
sufficient). In good nights on La Palma, | can detect stars of magr@téd& 07 without

optical aid, but ¢éannothold them in view constantly. If | were to apply the more conservative
criteria, my personal fst should be ranked about a half magnitude brighteb).7.3

The detection of starsokhandftaonseéed. nbthave
eyes it is very beneficial that the position of the star can be pinpointecheigiibaring

constellation of brighter stars may be helpful, as long as the other stars are not as close as to
cause a possibjliof confusion (remember, with averted vision the power of resolution
decreases dramatically). Stars at the | i mit
our eyes are optimally aligned, i.e. when the precious few protons fall ontodhe retma s t
sensitive region. To avoid eye strain, | use to stare between half a minute and a minute,
alternating with brief breaks. The star will not be captured by my averted vision every time,

and for stars at the limit (7883.0), half an hour may pas$obe | have glimpsed the star

often enough to be convinced of its visibility.

The expert Bradley E. Schaefer explains iRubkcations of the Astronomical Society of the Pacific
102, 212 (1990): 0Since the photon arrival a
time intervals wild@l have sufficient photons
There is also the c¢onc e phatifgduaraablé tbedteet@astaron pr
of given magnitude with a 100% certainty, then you should be able to see a little fainter still
(with less than 100% detection certainty). Schaefer has estimated the difference from a 100%
detection to a 50%etectiona be 0.5 magnitude. Similarly, Blackwell (1946) has shown than

the gain from a 6 secoobservation to a 60 secewmlgservation may amount to half a
magnitude. | think from all this you will understand why the limiting magnitude figures are
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consistentonly or t he observer himself or herself, a
of several observers with confidence. Purely theoretical calculations suggest that the human
eye could receive enough photons to see a tad fainter than 8.5, but thisleasveoified in
practice, and evidently, somewhere thereods a
| have also dedicateaanyhours to limiting magnitude studies with my telescope (a 130mm
refractor of Astro~Physics, f/6), and the results have been surprising and. excitin
Conservative publications state a limiting magnitude of about 13.0-ifatha(125mm)

telescope, but | know experienced observers reaching at least one magnitude fainter with this
aperture. This is in agreement with my own experience, as undetuaagisky in Germany

(fst for me 6.5), the limit of theirkch falls between 14.0 and 14.5. However, on the best

nights on La Palma, | have gone much fainter: to an almost incredibE61®.Believe me,

| have checked my results several times, becaus di dndt believe it, bu
almost magnitude 16 with a heghality 130mm telescope from the darkest sites on Earth!

Stars in the magnitude 14.55.0 range become visible in the eyepiece after a short time (say

15to 20 secondstaér having fixed their position with
that the true limit is not yet reached. In the globular cluster M 3 | have glimpsed three different
stars of magnitude 15.7 with 100% certainty, and once | thought | had deteatmitude

16.2 star, although with this | am not certain.

The relation of the naked eye limiting magnitude and telescopic limiting magnitude is not as
straightforward as you may think: supposing that the pupil measures 7mm in diameter, a
telescope of 3Dmm aperture (without central obstruction) will collect 345x as much light,
because the lighathering area is 345 times greater (38,5 vs. 13.270mm2). A factor of 345x
corresponds to a gain of 6.4 magnitudes, so in my case the 130mm refractor $htmild reac
8.0 (naked eye limit) + 6.4 = 14.4.

Right or wrong? Letds analyze it now:

1) When we observe with the naked eye, we ardosirgyes, so the lighollecting power

is superior to a single 7mm aperture! (When you ldb& sky with your eyes, then cup a

hand over one eye, you will be surprised by the difference). Pirenne (1943) has estimated that
with monocular vision 0.4 magnitude are lost as compared to binocular vision (= a factor of
1.45). Therefore, the effectiviandeter of two young eyes can be taken as 7mm x 1,45 =
10mm.

2) But the clue is this: when we increase the magnification on the telescope, the brightness of
the image as well as of the background sky diminishes. The brightness of a perfectly dark night
skywithout any light pollution (artificial or natural = zodiacal light, Gegenschein, the Milky
Way, airglow caused by solar activity) is V =22 ®/arcsec? or V = 13d®13.1/arcmin2,

This means that the night s kude 22 imeverg Squaees Obr i
arcsecond. The night sky is not truly dark at all, as can be seeillloyinated clouds seen

in projection.

In the eyepiece, the surface brightness of the sky will be the same as in the naked eye view
when the exit pupil prodad by the eyepiece in use (omega) is that of the iris. In my case, the
40mm eyepiece (giving me a low power of 20x) on the 130mm refractor gives an exit pupil of
6.7mm. So in this eyepiece, the sky brightness will appear about the same as with my naked
eye.But at 20x, lcannotgo fainter than magnitude 13.5!

Tacande Observatory, Joan Genebriera



11

Every observer knows that at high powers, the sky semfuarker in the eyepiece, and it is

this oOenhanced darknesso6 which all eponer t he ey
eyepeéce (2.5 magnitudes in my case). [By the way, the numbers collected in practice are
corroborated perfectly by the following calculation: my limit without optical aid (two eyes,
effective aperture 10mm, is 8.0. The 130mm refractor collects 170x as n{aokalig@mm

dia. = 78,5mm?/ area 130mm dia. = 13.270mm?), and a factor of 170x corresponds to 5.5
magnitudes. Then we have 8.0 + 5.5 = 13.5.

With every increase in magnification, the image brightness (and the background sky) is
diminished. When usingma gni fi cati on equal to the telesc
exit pupil is Imm. With this the sky will be almost 50 times darker than in the low power view

(exit pupil 7mm), because "L.fhe diameter = 1/49the area. When the seeing (atmospheric

stability) is good, the power yielding a 1mm exit pupil corresponds to the optimum
magni fication for reaching your | imiting mag
but we would gain nothing. Normally we treat stars as point sources wifithglt size.

Stars are not affected by the laws of surface brightness as are diffuse, extended objects. But
with bad seeing or excessive magnification, the stars become tiny disks; when spreading out
the diskds light, its visibility will deter:i

As many may know, a telescope portrays a star as a very small disk (the Airy disk), surrounded

by several diffraction rings. The diameter of the Airy disk is directly proportional to the
diameter of the telescope in use, and can be calculated by tHersmlglet38/D (D is the
telescopeds diameter in millimetres). The Ai
be 1.066. It can now be realized that even
atmospheric conditions have to be very gooéach the theoretic limits of the telescope.

In summary for a 130mm refractor we can say:

1) I f the seeing is worse than 1.16, the siz
and hence its brightness (visibility) reduced.

2) Whenthesegn i s better than 1.16, the magnificat
begins to resolve the Airy disk. Assuming a perfect seeing, this is the case with powers that
give an exit pupil below @8.0mm.

For reaching the real limit of a telescope, the seeing thus is of at least equal, if not greater
importance than the transparency (humidity, dust or other pollution) and darkness of the sky.

The secrets of power

Choosing the right power in functiontbé object one is to observe is fundamental. Low

power yields the greatest image brightness, because it uses all available light (maximum exit
pupil). Also the field of view will be large. This is the preferred combination for extended
objects, for reasoms visibility and aesthetics. It is always more beautiful to see a star cluster

in its entirety and with some surrounding field, especially if situated in the Milky Way.
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For the diffuse nebulae, which typically cover a great area but are very fainfagew
brightness), it is essential not to waste any light, because by doubling the power, the object will
cover 4 times as much area, and consequently its surface brightness also drops by that amount.

At higher powers, the background sky becomes eker ldecause we are reducing the
surface brightness of the night sky), and the image brightness (the objects) diminishes.
Although a priori it seems strange, a lot of deep sky objects benefit from this, because the
majority are of small apparent dimerssidhe problem with the eye is that to detect a faintly
luminous surface, the latter has to be of some extent (assuming two patches of the same
surface brightness, the larger one will be easier to see). Thus it is usually better to magnify the
size of thgsmall) object a bit and accept the reduced image brightness, because in the end the
object is better seen.

Furthermore, some objects like planetary nebulae and the central regions of galaxies are so
bright that they can be studied with high magnifisatidimen the seeing allows, and the

object can handle it, observing with a power equal to the telescopic aperture in mm (= exit
pupil Lmm) usually turns out to be a good compromise between image brightness, comfortable
viewing and resolution of detail.

For stars, which can be considered as point sources (but see above), the laws of surface
brightness do not apply. Faint stars are better seen at high powers because the background
becomes darker, allowing them to stand out better. Again, the magnificajivagtza exit

pupil of approximately 1mm is considered ideal for seeing the faintest stars.
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Drawing of the Pleiades cluster, M45, by Boris Fritz.130 mm Starfire refractor.

Taking notes and making drawings

The only way for the visual observer to record his or her observations is to take notes and/or
making drawings. Making good and realistic drawings requires some practice and is very time
consuming, but the results are of greatest value, because we ttenrkagpificent vistas
obtained under the stars forever.

There are many methods of drawing, and every observer will work according to his personal
preferences. The drawing can be white on black ground or vice versa; the handling of the
materials is easiin the second option. Therefore | make my drawings with pencil on high
qguality white paper, but then scan and invert the image, because it will look much more
realistic on black ground.
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The circle defines the field of view, for which | select an eyepiece that shows me the whole
object plus some surroundings. For detailed objects it is essential to have enough room to
depict everything. My circles measure 13cm in diameter. It is n@rnecetmw all visible

stars in the whole field of view, nor to show all stars in an open or globular cluster (that
sometimes would indeed be too much work). The only important thing is that the impression
comes as close as possible to the vista inygpiece.

The final drawing is made by day, on the desk, because the artwork cannot be accurately done
in the field at night. Therefore, the drawing made at the telescope does not have to look
beautiful, but exact in the positioning of the stars anetailsdf the object. A dim red light

should be used in the field to keep dark adaptation; the light must just be bright enough to let
you see what you put to paper. The constant change from eyepiece to drawing and back drains
the eye, so take plenty ofidi and do not hurry.

Another goal of making drawings is that the observer is forced to study the object more
intensely than a casual observer, because he or she has to transcribe information from the
eyepiece to the paper, and carefully has to caypéunsties, orientations, dimensions etc. My
drawings are composites, because they combine the views obtained at different magnifications.
The objects will reveal different details at different magnifications: for instance a galaxy may
display a faint hatbat, due to its low surface brightness, is visible only at low power. On the
other hand, tiny condensations of light in its spiral arms or in the central region might be
resolved only at higher powers. | then plot both the halo and the condensagairawwing,

because my intention is to portray all the details | have been able to make out.
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Drawing of the spiral galaxy M51, by Boris Fritz. 130 mm Starfire refractor.

Nebula filters

The appearance of nebula filters omtheket in the 1980s has revolutionized the visual deep

sky observing, although it must be pointed out that these filters are useful only on planetary
nebular and emission nebular. The filters are designed to transmit only the light at a few
specific waveahgths, while the rest of the range is blocked. The filters improve the contrast of
objects whose emission |ines do fal/l i nt o th
the background sky will not pass. It must be taken into account that sthghteati all

wavelengths (they have a continuous spectrum): this is why nebula filters always diminish the
brightness of the stars.

Tacande Observatory, Joan Genebriera



16

Three Basic types of nebula filters are available:

1) Broadband filters

They display the broadest bandp@ggically 700 100 nanometres), so the contrast
enhancement is | ower than with the other fil
because they are employed on all types of objects, also on star clusters and galaxies. These
objects do not havan emission spectrum, but observers undepdthhited skies are often

using these filters. The contrast is not enhanced that much, but the background sky will appear
slightly darker (and little is lost in limiting magnitude).

2) Narrowband filters

The popular UHC filter (Ultra High Contrast) can be considered th@unpdse filter, as it

is useful on both planetary nebulae and emission nebulae. It allows the most important
emission lines of these objects to pass (bandpas$® 20LBanometres), @dittle else. It

should not be used on star clusters or galaxies, as 1 to 2 magnitudes are lost.

3) Emission line filters

The HR and OIll filters, as the names imply, are designed to let pass only a determined
emission line: the HR filter the lineasfized hydrogen, the Olll filter the two lines of doubly
ionized oxygen. The Olll lines are by far the most dominant lines in the spectra of planetary
nebulae, which is why the Olll filter is the perfect choice for this class of objects. The HR line
domindes the spectra of some diffuse nebular, but not to the degree of the Olll lines in the
planetary nebulae, and the contrast improvement compared to the UHC filter is not that great.

To finalize, an important note: many observers think the nebulaafdtarseful only for
combating light pollution, but the filters described above, when used on objects whose spectra
are dominated by the emission lines of HR and OIll also give a significant contrast
enhancement under perfect skies!

Tacande Observatory, Joan Genebriera
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Il 6 WIDE SKYPHOTOGRAPHY

Photographiclens CANON EF 200 mm f/2.8L Il USM
D: 72mm.

F:200mm.

/2.8

With this lenswe can captureleep skyimagesof hight quality For longer exposures
put theaperturestopat f/3.5You need the help @n equatorial mount with this lens.

With the Canon 6D adjust the WB 3800K or alternatively tdfluorescentight mode
Recommended exposures: éxposuresx 5 minutes at ISO800. For flat images set the
camera to fAManual, AWB.,20 | SO 800, 1/ 128 se

An excellent monochrome images of the Milky Way area with presence of hydrogen Hll
can be capturedithh the SBIG ST8300Mcameraand a Halpha filter of 6nm.It is

advisable to work with an apertuensof not less of/3.5a good option could biesert

the Canon 1.4x extender to got a /4.0 ratio.

Recommended exposures: dxposures X 10 mno binning

Caution for Narrow Band Filterg! diverging or converging beam incident on a filter
resulsin abroadening of apparenabd pass and a shift shorter (blueyvavelengths.
Astronomik filterswill run finedowntill f/4.0 and Astrodon filters till f/3.5

30 m exposureimage using Canon6D cameraat ISO 80with a 3.5/200 lens

Tacande Observatory, Joan Genebriera



