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1. Equipment for visual astronomy

1.1 Binoculars 

Description 

A binoculars is like a pair of telescopes bounded together. It is the best equipment for observations as you can view wide angles of the sky. It is usually used to identify star fields before locating the object in the telescope.

Properties

1. Designations

· Numbers such as 7x50, 10x50 can be seen on binoculars. They represent the configuration of the binoculars. 7x means the magnification of the pair. 50 means the size of the objective (front) lens in millimetres. 

2. Field of view

· This means the area you see. This is the inverse of magnification. That means the higher the magnification the smaller the view. Numbers expressing field on view on binoculars are: 7o 30' or 131 metres. 7o 30' means you can see 7o 30' of the sky given the sky is 180o. 131 metres means that at a distance of 1000 metres, you see an area measuring 131 metres.

3. Exit pupil

· The exit pupil of a pair of binoculars means the size of light as appear to the observer. The exit pupil must not be larger than your eyes pupil, otherwise light will be lost. Exit pupil is calculated by dividing the aperture by the magnification. E.g., for 7x50 binoculars, exit pupil is equal to 50/7 = 7.14mm, about the same as the pupil of our eye.

4. Coatings

· The coatings are to improve light transmission and not for protection. Colour of coatings determine number of layers coated. Light blue means only about 1-2 layers of coating. Green means about 3 layers of coating. Purple means about four layers of coating.

How to choose a pair of binoculars

1. The view must be comfortable.

2. Exit pupil must not be bigger than pupil of eye.

3. Magnification must not exceed 10x, otherwise a tripod is needed.

4. Aperture must not exceed 50mm, otherwise a tripod is needed.

5. Coatings are desired. Purple coatings are the best.

How to use the binoculars

1. Close the right eye.

2. Using the left eye, look through the left tube and focus the faraway object using the large central knob.

3. Close the left eye.

4. Using the right eye look through the right tube and focus through the knob around the right eyepiece.

5. For further focusing, it can done through the central only now.

1.2 Telescopes - Different types of telescopes


There are generally three types of telescopes: refractor, reflector and compound telescope.

1.2.1 Refractor (lens only)


1.2.2 Reflector (mirror only)


1.2.3 Compound Telescope (Mirror and lens)


Under compound telescopes, we have several types:

1. Schmidt Cassegrain

2. Maksutov Cassegrain

3. Schmidt Cassegrain

2. Parts of a telescope

2.1. Main tube

1. Focus knob

2. Star diagonal

3. Eyepiece

4. Visual back

5. Covers

2.2.  Mount

Parts of the equatorial mount

1. Finderscope

2. Finder alignment screws

3. Declination setting circle

4. Declination slow motion knob

5. Declination clamp

6. Polar axis

7. Counterweights

8. Altitude adjustments

9. Right ascension setting circle

10. Right ascension slow motion knob

11. Right ascension clamp

3. Methods of using the scope effectively

3.1.  Alignment of the finder scope 

Before alignment, the scope should be balanced so that there will be minimal stress on the observer. To alignment it, release all the clamps and slowly let the scope lie on its side. On the other side, adjust the counter weights nearer or further from the scope until the whole length is horizontal. (Note: all accessories should be already on the scope before doing this.)

Use the finder scope to locate a far, bright, non-moving object. See the object in the main scope. Use the slow motion knobs to put the object in the centre of the main scope's view. Look through the finder scope and notice that it is off the centre of the finder scope. Loosen the finder alignment screws by only a small amount so that the finder scope can move a bit. Gently, force the finder scope such that the centre is in alignment with the object. Then screw in the alignment screws. The object will most probably be out of alignment when it is screwed in. Apply different tensions to the screws so that it will be aligned to the crosshairs.

3.2.  Finding objects and identifying them 

You will need a wide angled binoculars to identify the star field where the object is located. You will need a star map of that region containing stars at least up to 6th magnitude. Use the binoculars to locate the associated star field and compare it with the map.(make sure the field for comparison should be as small as possible.) Then in your mind, visualise the field when it is upside down as in the finder scope. Use the finder scope to find that star field and if the object cannot be seen, point at the spot at some distance from a certain star. The distance is determined from the star map.

4. Methods of Photography

4.1.  General wide angle photography

This type of photography is usually used for capturing comets, meteors and constellations and conjunction of planets and meteors. There is a limit to exposure because the stars will become trails and spoil the picture. Here is a general guideline to the exposure limit until trails are obvious.
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4.2.  Guided photography

This type of photography is used for capturing more details as in the case of wide angle shots. Depending on type of camera and film, usually objects three magnitudes dimmer will be recorded. This is especially useful for planning observation targets. An equatorial mount is needed. A motor is also essential.

4.3.  Telescopic photography

This type of photography is used to capture details in deep sky objects. It is used to capture the crescents of Mercury and Venus. It is used to record the moons of Jupiter and the rings of Saturn. It is used to take down the galore of star clusters, nebula and galaxies. It has a restricted field for photography. 

5. Equipment Needed

5.1. Camera

A camera for astrophotography must be a Single Lens Reflex camera, so that the zoom can be varied. Also, only this type of camera can be attached to the telescope. The most important feature in the camera is that it has the 'B' setting that allows exposure as long as you like. Obtain a shutter release so that there will be minimal vibration when the shutter is open.

Obtain a steady tripod to take the photos, preferably one made of steel otherwise aluminum. Don't extend the legs of the tripod fully, the shorter the legs, the steadier the tripod.

Look through the camera view lens for a bright star and estimating the field in the view, place the star in the position in the view such that the target object will most likely be in the view too. Remember to focus to infinity and set to the largest aperature. If your area is affected by sky fog, use a red camera filter (25A) to reduce the fog.

5.2.  Films

Different types of film are for different objects, but they have four properties:

1. Film speed

· Speed means how long the film registers the image

· High speed film is desired for astrophotography (from ISO 400 …)

· For general views of the sky use about ISO 800 or ISO 1000.

· For magnified views of the moon, use even higher speeds so that vibrations and Earth rotation can be minimized.

· For planets and deep sky objects, use about ISO 1000, so that exposure can be short, as tracking is tedious. 

· For sun, never go faster than ISO 400 as normally the shutter speed cannot go faster than 1/1000s. 

2. Grain

· The "grain" means the size of the crystals on the film

· The faster the film the bigger the crystals

· The bigger the crystals, the easier you lose stars as stars in between the crystals are not recorded and the more disgusting the photos will look.

· So to avoid loss of image, never exceed film speed of ISO 3200.

· There is only one type of film that is fast and has small grains: colour slide films but they are too expensive to use and process.

3. Reciprocity failure

· The longer you expose the film the less efficient is the film.

· It means that to capture twice as much light, you need more than two times the time to do that.

· Generally, the faster the film, the higher is reciprocity failure.

· High reciprocity failure film is useful for capturing meteors but not for deep sky photography.

4. Colour balance

· Refers to the balance of the three primary colours on the film

· Deviation towards one colour assist in taking down the object that emits mostly that colour. Eg. Nebula emits more red.

· Konica and Kodak film are deviated towards towards red.

· Fuji film is deviated towards green.

5.3.  Telescope

The type of telescope that is most suitable for photography is the Schmidt Cassegrain telescope because of its wide view. How effective is the telescope for astrophotography depends on a few factors. 

The focal length of the telescope determines the magnification. The focal ratio determines the length of exposure. Similar to the camera, the longer the focal length, the higher the magnification, the smaller the focal ratio, the shorter the exposure. 

There are two types of telescopic photography: prime focus and eyepiece projection (EPP). 

Prime focus is for taking deep sky objects. Attach the T-ring to the camera. Attach the radial guider to the T-ring. Attach the illuminated recticle to the  radial guider. Remove the visual back of the telescope. Attach the mentioned radial guider to the telescope. Take the exposure and at the same time, tracking with the control pad and looking through the recticle.

Eyepiece projection is for taking close ups of the moon and especially for taking planets. Put an eyepiece in the tele-extender and hold the eyepiece in place by the screw. Attach the T-ring to the tele-extender and attach the setup to the visual back. Note: exposure should not exceed 1/15 seconds.

6. Different types of objects for photography

6.1.  Sun, Moon

For the sun, use prime focus for the general view of the sun and use EPP for close up on sun spots. Remember the solar filter must be present. Recommended film, 400 ISO. Exposure, 1/500 s.

For the moon, use prime focus for the phases of the moon. Try not to use EPP, as the vibration will be obvious.

Recommended film, ISO 1000. Exposure 1/60 s.

6.2.  Planets

For Mercury, Venus and Mars, use EPP only as the crescent or ice cap can only be seen under high magnification. Recommended film, ISO 1600. Exposure, 1/15 s.

For Jupiter, use prime focus to show moons. Use EPP (for Saturn also) to show cloud features. Recommended film, ISO 1600. Exposure, 1/15 s (for EPP), 1 second (for prime focus).

6.3.  Stars

 Follow the guidelines mentioned in the "methods of photography".

6.4.  Star clusters, Globular clusters, Galaxies, Nebula

Use prime focus for all of these. Recommended film, from ISO 400 onwards. Recommended exposure, from 1 minute onwards.

6.5.  Meteors

Use fast film and make at most 15 minutes of exposure at the region slightly away from the radiant. Recommended film. ISO 400. Recommended exposure, 5-10 minutes.
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