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INTRODUCTION






REGARDLESS OF THE THOUSANDS of years of evolution, our eyes are still not the most efficient detectors of light. They are quite adaptable though, and able to see even with quite significant changes in light level from a bright summer’s day to a dark winter’s night. I never cease to be amazed at how well I can see on one of those summer days, yet plunge my eyes into almost complete darkness and – given time for my eyes to adjust – I can still see! Try this out for yourself, but it will take nearly an hour for your eyes to adjust to the low light levels. However, there is a notable drawback to our eyes, and it is one that particularly affects the astronomer – notice how you can clearly detect colours in brightly lit conditions but in the dark it is very difficult to determine the colour of objects around you. It turns out that the human eye is pretty rubbish at picking out colour during low light conditions, so when you try and look through a telescope at a faint object, for example, you will not see it in glorious technicolour.


We can blame evolution for this because we are creatures who have developed for survival, and when in the dark it is less important to see the colours of objects around us but rather more important just to see them. To be able to spot a predator in the dark of night was much more use to us than to see the colour of berries, for example. It is easy to understand why this works if we study the anatomy of the eye. During the day, when there is plenty of light, the receptors called ‘cones’ are mostly used – these are great at picking up colour but not so great at determining delicate shading. However, drop the light levels and receptors called ‘rods’ kick in. The rods are brilliant at picking out faint detail or movement out of the corner of your eye but frankly terrible at picking out colour. This is where astrophotography comes in – a camera is far better at recording faint detail and colour, giving us the wonderful views of the Universe that we are all so used to seeing in books.
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The human view of space is quite limited because we cannot easily detect the faint colours present. This is a simulated human view through a telescope of the Orion Nebula.





[image: Illustration]


The full beauty of space is revealed when cameras are turned on the sky. This is how the Orion Nebula is captured by a digital camera attached to a telescope.





Some people who are new to astronomy can quickly get tired of looking at grey smudges of light when hunting down elusive gas clouds or distant galaxies, or waiting for perfect moments of stability in the atmosphere to see fine planetary detail. With the ease of access to many stunning images online from both professional observatories and amateur astronomers, it is natural for people to want to try and capture their own views of the Universe. At first sight it seems as simple as plugging a camera into a telescope or just using longer exposures to get fainter detail, but unfortunately the reality is that it is a little more tricky than that. Today’s amateur and professional astronomers use digital cameras for this task, similar to modern digital SLR cameras, known as CCD (charge-coupled device) cameras – sounds complicated but they are just digital SLRs without many of the bells and whistles, though with a few other bits thrown in specially for the astronomer. Their appearance in the amateur world has revolutionized astronomical imaging since the dark and dizzy days of film photography.


The first time that anything resembling modern photographic film was used was in the first half of the 19th century, in a process developed by Louis Daguerre. Instead of the flexible film we are all used to seeing, Daguerre used a thin plate of polished silver which was on a copper base. In order for it to record an image, it had to somehow be sensitive to light which was achieved by placing it silver side down on top of a container with a little iodine in it. The vapour produced by the iodine created a thin yellow deposit of silver iodide on the plate. The plate was then exposed to light in the normal way and developed by placing it in magnesium vapour, which would stick to the parts of the plate that were exposed to light. Finally, the plate was immersed in a bath of sodium thiosulfate to remove the remaining silver iodide. This process sounds pretty laborious but is not too dissimilar to modern-day film development techniques.


The major drawback of these silver plates, which were known as ‘daguerreotypes’, was their very poor sensitivity to light. One of the first astronomical daguerreotypes was taken in 1840 of the Moon – for a modern-day astrophotographer, lunar images are often recorded in a fraction of a second, but for American J. W. Draper it took 20 minutes to capture! For pictures of stars or anything fainter, then exposures would run into many hours and this brought with it a whole host of other difficulties. It seemed that daguerreotypes were clearly not suited to astronomical uses so alternative techniques had to be found.


An improved processing technique was published in 1851, known as the ‘wet collodion’ process. This new process resulted in more sensitive plates but the plates had to be used straight after they were made, unlike the earlier daguerreotypes which could be stored. The first step in getting the plates ready involved reacting sulphuric acid with potassium nitrate on a piece of cotton to create a substance known as guncotton. This was then dissolved in alcohol mixed with ether, iodides and bromides. The resultant chemical was spread on to glass plates and left to evaporate, leaving a film containing the iodides and bromides on the glass. Once the glass was dry, the plates were dipped into a tub of silver nitrate that contained silver iodide. This step in the process converted the iodide and bromides on the plate into tiny crystals of silver which were sensitive to light, much more sensitive than previous plate preparation techniques, but they had to be used immediately. After the plate was exposed, additional development steps were taken to bring out the image before a coat of varnish was applied to protect it.
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Before the digital camera was invented, astrophotography was a much more labour intensive and frustrating task using film to record objects in the night sky.





For photography to become a really useful tool for astronomers, more work was needed to produce a plate that was both sensitive and dry – and, in many ways, it was astronomy that pushed forward the development of several techniques and technologies that have been key to modern film photography. Finally, in 1874, the precursor of the modern photographic negative film was invented that not only was sensitive to light but was also dry and physically flexible due to the use of gelatin as the medium rather than plates of glass or silver. However, these newly developed photographic films still suffered one pretty fundamental drawback for astronomical purposes: doubling an exposure time of just a second or two meant the film would capture and record twice the amount of light. This did not work for longer exposures because the film would lose sensitivity, an effect known as ‘reciprocity failure’, and it is an effect that was just as common in modern photographic films when I used them as it was back in the late 1800s. However, in 1874, a new process was developed known as ‘hypersensitization’ which reduced the effects of reciprocity failure, making film much more suited to the longer exposures demanded by astronomical photography. One of the first techniques to be used involved soaking the film in gas, usually hydrogen or nitrogen, and often subjecting it to higher temperatures at the same time. After leaving the film in this condition for a few hours, it was removed and used as normal but with the added advantage that it was now less susceptible to reciprocity failure.
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Modern CCD cameras allow much more flexibility than their film predecessors. This image of the Pelican Nebula is composed from light collected through narrowband filters.





Not only was reciprocity failure a problem but photographic films also suffered from ‘graininess’, with faster films giving a grainier image. For normal daytime use this was not a big issue but it certainly degraded the quality of an image full of stars! A new processing technique was developed in the middle of the 20th century when it was recognized that the graininess was random and different in each image. By taking a number of different images of the same object, the only common data would be that from the object – the grains would be different in every image. The negatives would then all be stacked in the darkroom when being printed to remove the grains. We now use a very similar process in digital imaging to remove the effects of noise in the digital chip.


I started taking pictures of the night sky when film was the only way to capture astronomical pictures, and while aspects of getting an electronic picture are challenging now, it used to be a whole different ball game back then. Let me paint the picture for you. The film used for astronomical photographs was the same stuff as you would normally get from the high street, and while it was more sensitive than the eye, it was still not that great. Film is still available and you will notice that it comes in a variety of different speeds. Slower films with a lower number are better when there is a lot of light, but faster films with a higher number are great for darker pictures (such as astronomical objects). However, they have a much larger ‘grain’ in the resultant image, which means instead of a nice smooth background it becomes speckled. This sounds perhaps OK in principle, but with a star field you ideally need a small grain size so as not to detract from the image. This was the first challenge and compromise: on the one hand, fast films were perfect, but on the other hand the grain size made them far from perfect. It was possible to increase the sensitivity of a slower film through the process of gas hypersensitization that we looked at earlier. The modern equivalent was quite fiddly and involved ‘cooking’ the film in a pressurized gas-filled container before it was used. Exposure times with film were still quite long even with hypersensitized film, of the order of tens of minutes, occasionally running into an hour or more. Then, to secure the picture of that faint galaxy meant attaching camera to telescope and starting the exposure.


Now for the real challenge: as the Earth rotates on its axis and is therefore spinning during the exposure, so objects move slowly across the sky and thus across the film of the camera, causing the image to streak. Taking an exposure of a few seconds or more means the telescope has to track objects across the sky, which is achieved with motors attached to the axes of the telescope mount. The motors are mechanical though, so are subject to inaccuracies which can temporarily cause the mount to move too fast or too slow. This can be corrected through a process called ‘guiding’, where the speed of the motors is adjusted to compensate. In the days of film, guiding involved looking through the telescope or an attached guiding telescope and manually making adjustments through the course of the exposure. If you made an error such as correcting the drive in the wrong direction, as I did on many occasions, even right at the end of the exposure, it could be ruined. Believe me, on a one-hour exposure it tests anyone’s metal! Fortunately, this can now all be done electronically, leaving the astronomer free to enjoy a cup of tea or get on with other tasks while the picture is slowly building up.
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Tracking systems that attach to a camera tripod allow you to freeze the motion of the stars, although as you can see in this picture the foreground trees are blurred as a result.







Film versus digital … which is better?


This is a question I am asked surprisingly often! Those die-hard purists will argue that film, attached to a top-quality optical system, will be able to produce a higher resolution than the best digital camera available on the high street. It is hard to disagree with a statement like that as a piece of film against a CCD chip will win hands down; however, digital offers a whole lot more. The digital revolution means cameras can now guide themselves and significantly reduce the astronomer’s workload, they can be cooled to reduce the noise, and then there is the whole world of processing which can turn a mediocre image into a work of art. Taken as a package, digital is most definitely the way forward.








Getting the focus right was also a bit of a fine art, because it was often difficult to see the object you were wishing to photograph. The trick was to get the system focused up on a bright star nearby, but it was not unusual for the mirror in the telescope to move slightly as you slewed it to the target object, causing it to go out of focus again. With this and guiding to trip you up, it was always a bit of a lottery and I recall many occasions getting my pictures back to find fuzzy stars because the focusing was a little off or streaky squiggles for stars because my guiding went awry. It was also not unusual for an entire film to come back from the developers having been cut up into tiny strips, even right across the centre of one of your finely focused and guided shots. So there was another trick: take a normal daytime picture of your cat or something so the developers knew where to start chopping your film up! I do recall one beautiful shot of the Whirlpool Galaxy which was cut right down the middle – arghhh! I would often get notes from the developers saying, ‘Nothing on this film’, so they did not print anything! My mantra was the same, having learned from all of this: ‘Do NOT cut the negative up’ and ‘Please print everything, whatever you think of it’. That did usually work, but it was not unusual to get 24 pictures back that were complete and utter rubbish, and which ended up in the bin! It is fair to say that taking astronomical pictures with film was fraught with frustrations. Not so much now with the digital age, but there are still plenty of pitfalls in the road ahead. But if you are tempted to throw away your camera in despair before you have even started, there is some great news. With this book and with me as your guide, I will take you through everything you need to know and how to do it so you can learn from my mistakes. And believe me, there have been plenty! Together we will look at how to capture astronomical images using the humble mobile phone all the way through to the high-end specialist cameras, all brought to life with my own experiences and many of my own astronomical images.
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chapter 1


CHOOSING THE RIGHT EQUIPMENT









IF YOU ARE A KEEN photographer who is used to taking pictures in the light of the day, then you may be surprised to learn that getting good astronomical images is a totally different set of skills. Or you may be a complete newcomer, wielding a camera for the first time, and have turned it skywards to snap your first night-time picture and have probably been very disappointed with the result. I think nearly everyone goes through that experience – take a camera, point it at the sky and get a good slap around the face by the reality that it is not as easy as it looks. I recall trying to get a picture of a stunning Moon rising in the east many years ago with my old film camera. Due to the so-called ‘Ponzo illusion’, it looks a lot bigger in the sky when low down near the horizon than it really is and our subjective brains think it looks amazing. It turns out that it is just an illusion and any picture you try and take will be woefully disappointing. Getting great shots of the Moon is difficult because of the actual size of the Moon in the sky which can only be improved by increasing the focal length of the lens that you are using, since long-focal-length lenses make a bigger image than shorter-focal-length lenses. To get a decent shot of the Moon requires a focal length of at least 500 mm and good-quality lenses like these are not too common, and those that are around are pretty expensive. As my experience shows, having the right equipment is crucial for getting great astronomical images.


Astronomical pictures fall into two categories: those taken through a telescope and those taken without a telescope. The latter are by far the easier to do, since the higher magnifications of a telescope need greater levels of accuracy when it comes to tracking objects across the sky and focusing them. So it is in this area that the beginner should start – with a good DSLR camera and a sturdy tripod you will be getting amazing images before you know it, and then it will be time to look at the more advanced techniques using telescopes.


Before we can look at how to get those beautiful pictures of the night sky and the equipment you will need, it is appropriate to look first at the real powerhouse behind most digital cameras, the CCD chip. The CCD, or ‘charge-coupled device’, has one simple function: to convert incoming light into an electrical signal. The chip itself is usually a square sensor upon which are millions of tiny little receivers, all of which will respond to light. A great analogy is to think of a solar cell that sits on top of a house collecting light and turning it into electricity. If you imagine the CCD chip covered in millions of tiny solar cells, all collecting different amounts of light and all generating a slightly different electrical signal based on the amount of light they receive, then together these cells are used to create an electrical representation of the final image. Each one of these tiny receivers is known as a ‘pixel’ – once an exposure is complete, the value of each pixel is read from the chip. In a very fast process, the value is read from one of the corner pixels so it can then effectively forget its value before the value of one of the neighbouring pixels is transferred to it, before it is then also read. The process repeats until all of the values in the pixels have been read off. This all happens without your intervention, of course, and the next step (which fortunately we are equally oblivious to) is to convert the analogue value of each pixel into digital. The digital signal is then sent out to a computer where the image is displayed and manipulated.
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A close-up of a CCD chip. These electronic components are light sensitive and are at the very heart of the digital camera, be it an astronomy-specific CCD camera or a DSLR.







CMOS chips


There is another type of chip that offers an alternative but very similar solution to the CCD, which is called the CMOS (complementary metal-oxide semiconductor) chip. These work in much the same way as the CCD but with a slightly different approach to reading the information off the chip. Both have their pros and cons, but, for our purposes, the CCD is a much better choice because it tends to suffer from less electronic noise or interference in the image and is more sensitive to light. CCDs have been around for a much longer period of time too and have been mass-produced, leading to a much lower cost so making them attractive to the amateur budget.





Choosing a DSLR camera


A CCD chip is found inside nearly all DSLR cameras and at first glance the multitude of different brands might seem perfectly suitable for astrophotography. Just think of all the makes of camera – I can come up with about 20 without really trying – but there are two brands that stand out from the rest: Canon and Nikon. It may well be that there are other manufacturers with models equally suited to astronomical imaging, but the majority of amateurs use either of these brands. Canon was the first manufacturer to produce a DSLR camera with a CCD chip inside which generated a particularly low level of noise. They even recognized the need in the market for a product suitable for astronomy and thus launched the Canon 20Da, although this model has now been superseded by the Canon 60Da.
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DSLR cameras are great for capturing the night sky and are a really good way to get started in astrophotography.
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Use of composition and exposure settings with a DSLR on a tripod can produce some beautiful night-time shots.





Nikon cameras are becoming more popular, though many models generally have a few drawbacks. Their cameras have a filter known as a ‘blur filter’ integrated in the camera, which is there for normal daytime photography to remove lines that appear when certain patterns are in the image. These blur filters can be removed but it can be an expensive job. However, leaving them in place means that fainter stars can be missing from images. The other drawback, which is unrelated to the blur filter, is that it is not possible to use a computer to control the length of the ‘bulb’ exposure setting on Nikon cameras. This setting is really useful when taking long-exposure photographs, and while this is not a big issue, it can be quite an inconvenience. Neither of these are major problems but they mean that Nikon cameras are just a little less suitable for astronomical imaging. Another niggle with many Nikon models is that there is no ability to use a wired remote control. They employ infrared technology instead, which generally has pretty simple functions. Canon models, on the other hand, have the ability to accept a wired remote which has many more functions, such as the ability to take multiple exposures with a defined pause between them, great for getting multiple images which can then be stacked with special software.


If you are looking to get your first DSLR, and plan to use it solely for astronomy, then I would recommend the Canon range as nearly all of the models on the market are excellent for our needs, with a low level of noise and no blurring filters. ‘Live view’ is another great feature that many DSLRs have, which allows you to see on the LCD panel at the back of the camera just what the camera can see. This makes focusing the image, whether using it through a telescope or not, significantly easier.


One common factor among nearly all DSLR cameras, regardless of their make, is the infrared filter which cuts out infrared radiation. This is ideal for daytime use as it makes the image look ‘normal’, but if you are trying to take images of nebulosity, in particular red-emission nebulae, then you will be disappointed with the result. The filter not only blocks infrared but also most of the radiation emitted by these objects, so many amateurs go down the road of having their DSLR modified, or ‘modded’, by having the infrared filter removed.


The DSLR camera that I use is the Canon 450D and I have produced some lovely astronomical shots with it. The next range up includes the 20D, 30D and 40D models, and then beyond that is the range usually favoured by professional daytime photographers, including the 4D and 5D models. The 5D is certainly an excellent camera for astronomical work but it has a hefty price tag, so, for a beginner, stick with the 350D or 450D models and you will not be disappointed.



Choosing DSLR lenses


Taking images of stars has to be one of the most technically demanding challenges for a camera! Getting pinpoint images of stars across a wide field of view is no mean feat and the higher the resolution of the chip, the better quality the lenses need to be. You therefore need to make every effort to choose the right lenses and then use them properly to maximize the chances of getting sharp images. Unless you bought your camera body second-hand, you will almost certainly have got a lens with it, but these lenses are pretty cheap in design and manufacture so are not ideally suited to the demands of astrophotography.


Camera lenses are generally specified with a focal length and a ‘speed’ rating, so you might see a lens described as 52 mm at f/2.8, for example. This means the focal length of the lens is 52 mm and its speed or fastest focal ratio is f/2.8 (pronounced ‘ef 2.8’). The focal ratio is a term familiar to astronomers as it refers to the mathematical relationship between aperture of lens and its focal length – so the lens above, when operating at f/2.8, has an aperture of 52 divided by 2.8, which is 18.5 mm. Clearly, if you change the aperture you change its focal ratio or its speed, so operating with an aperture of 4.7 mm means you are working at f/11, much slower.


On a camera lens, this value is usually changed by twisting a dial on the lens which reads ‘f/number’, but what you are doing is reducing or increasing the aperture as you do so. A smaller aperture has a higher f/number but means the lens will be slower than when it has a larger aperture and lower f/number. The definition of fast and slow comes from the fact that a larger aperture can collect light faster than a smaller aperture.
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There are many camera lenses on the market. Choose a few lenses to add to your kit bag to ensure you have a good range available.





If you are an experienced astronomer then you will know that aperture is all-important when it comes to telescopes as the larger the aperture, the greater the amount of light the telescope can collect. The same is true of camera lenses, but to get a really sharp image you often need to choose an aperture slightly less than fully open. So, when you look at camera lenses, you need to choose ones with a low f/number as they are the fastest lenses and closing down the aperture a little will not have so much of an impact as it would on a slower lens. You will also find lenses that note more than one focal length – for example, 18–55 mm is a common one – and these are zoom lenses which allow you to alter the focal length and hence the size of the image. I am not a great fan of these as the quality of the image seems to be a little better on fixed-focal-length lenses compared to zoom lenses.


There are quite a number of high-quality lenses on the market now in addition to the cheaper versions. Canon have their L series lenses and Nikon have a range known as the ED series, but while they are of superb quality the high costs are quite prohibitive and they still suffer from image-quality issues when fully open.


Choosing lenses amongst the huge range available is no mean feat. I would go as far as to say it is harder to choose a lens than it is to choose a camera. Like telescope eyepieces, it is necessary to have a couple of camera lenses to allow you a little variation in image scale for different objects. I have three lenses for my Canon camera that I use for astronomical imaging: a wide-angle 24 mm f/1.4, a rather more standard 50 mm f/1.8 and a telephoto 200 mm f/2.8 lens. This selection gives me a great choice of image scale and are all fast, allowing me to shut the aperture down a little and operate at around f/4 or f/5 and still get good light-gathering and pinpoint stars.


Choosing a tripod


Compared to choosing a camera or a lens, choosing a tripod is ridiculously easy. If you are aiming just to have a camera fixed to the top of a standard tripod for static shots then you will simply need to choose a tripod that is really steady. For normal daytime photography you can get away with quite a flimsy system for your camera, because the exposures are typically fast enough to eradicate any wobble in the system. However, because astronomical image exposures take place over many seconds or minutes, an inadequate tripod will show in the final image. Just look for one which is nice and solid and has good locks to enable you to fix the position you are pointing and you will not be disappointed.
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A good sturdy tripod is essential to keep the camera rock solid when taking images of the sky.








You can get some wonderful pictures using just a standard camera and tripod, but you can enhance the pictures by bolting on a tracking platform to the tripod. This will enable the camera to move to follow objects across the sky. Systems like these require you to adjust the angle of the head of the tripod so that the whole system can be aligned to Polaris (more about that process later). To do this you often need to buy an extra tripod ‘three-way head’ which allows you to point the camera at all areas of the sky. There are two great camera tracking systems on the market: the iOptron SkyTracker and the AstroTrac, which both come with their own systems for polar alignment. Either of these will enable you to significantly increase exposure times by counteracting the rotation of the Earth.
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Devices like the iOptron SkyTracker are great for counteracting the rotation of the Earth, allowing you to capture lovely shots of the constellations and the Milky Way.





Choosing telescopes for astrophotography


If you want to get close-up and personal to astronomical objects then the only solution is a telescope. In imaging terms, a telescope effectively acts as a very long-focal-length camera lens which gives you big images. Choosing the right telescope boils down to two decisions: identifying the right telescope tube and picking the right mount for it.


Choosing the right telescope mount is moderately easy – it needs to be capable of holding the tube steady and also have the ability to track objects across the sky. In reality, this means you need what is known as an equatorial telescope mount rather than an altazimuth telescope mount. The altazimuth mounts are simple in design and are the same as a camera tripod because they allow the telescope to be moved up and down in altitude and from side to side in azimuth. These terms are probably new to you but easy enough to understand. Altitude refers to height above the horizon where the horizon is 0° altitude and the point overhead is 90°; azimuth is an angular measure around the horizon, starting due north, which is said to be at 0° azimuth, through east at 90°, south at 180°, through to west at 270° and back to north. Using an altazimuth mount allows you to point a telescope at all points around the sky, although it is often difficult to look through one when overhead because the mount itself can get in the way.









Altitude and azimuth





The altazimuth telescope mount shown here is typical of the type of mount used on smaller or budget refractors. It will be familiar to camera tripod owners as it has one axis that allows movement up and down (in altitude), and the other which rotates horizontally around the horizon (in azimuth). Be aware, though–these mounts are not ideal for astronomical photography. An equatorial mount is a much better choice.
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As you may already have noticed, objects in the sky rise in the east, move across the sky and set in the west. It is possible to fit motors to both axes of an altazimuth mount to enable you to follow objects across the sky automatically. This is fine for visual observing, but if you have ever looked through a system like this you may have noticed that objects tend to rotate slowly as the mount follows them across the sky. Clearly, this is a problem if you wish to take a photograph, because you will end up with a blurred image as the object slowly rotates during the exposure. Now, it is possible to attach a device between the camera and the telescope called a field derotator, whose job it is to rotate the camera slowly to counteract the rotation through the telescope, but a much better solution is to use an equatorial mount instead.
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Some altazimuth telescope mounts like the one shown here are attached to motors and a tiny computer. These allow you to find objects in the sky but they will not allow you to take long-exposure photographs.





These still have two axes about which the telescope can turn but with one crucial difference: one of the axes points in exactly the same direction as the rotational axis of the Earth. If you live in the northern hemisphere you might have noticed that there is one star that never seems to move its position. This star is Polaris and it marks the position in the sky that the Earth’s axis of rotation points, known as the north celestial pole, and it is here that the polar axis of an equatorial telescope must point. By aligning one axis in this way, it can be turned slowly at the same speed as the Earth’s rotation but in the opposite direction to make the telescope track objects across the sky. It does not stop there, though – take a look at a mount of this type in a shop or at your local astronomical society and you will see that by turning the one axis in this way, it makes the telescope follow an arc across the sky. This means the telescope is effectively now slowly rotating as it moves and thus magically following the rotation of objects in the sky. This is what makes equatorial mounts excellent for astronomical imaging.


As you go through the process of aligning the mount to the north celestial pole, which we cover in Chapter 4 – see Polar alignment, you will realize that its height above the horizon is equal to the latitude you are observing it from. If you are at the Equator with a latitude of 0°, it will be found on the horizon with an altitude of 0° – use an equatorial mount here and the polar axis must be horizontal. At the North Pole with a latitude of 90°, it will lie overhead with an altitude of 90° and the polar axis will be vertical. At any location between these points, the polar axis is tilted by an appropriate amount to align with the north celestial pole. Interestingly, an altazimuth mount has one axis vertical which means it would work fine as an equatorial telescope if you were observing from the North Pole!


We have just seen how one motor is enough to turn the telescope to follow objects across the sky, but most mounts of this style have two, so what is the other for? Well, it has two functions: the first allows you to make fine adjustments to the pointing of the telescope while you are trying to centre an object on the chip of your camera. The chips are usually pretty small so a fine level of control is needed to tweak the location of the object and centre it. When added to an onboard computer system, which many telescope mounts come with, such as my Losmandy G11 with its Gemini system, the mount will take commands to point at a particular object, which it will do for you. These Go To telescope mounts make for a powerful imaging system because, once accurately set up, you can get objects on the centre of the imaging camera chip by just selecting them from a list. This saves you from having to take the nicely focused camera out of the telescope, replace with an eyepiece, centre the object, remove the eyepiece, replace the camera and refocus before you can even start to take images. You can see it can be a bit of a hassle so it is a great bonus to have this feature.
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An equatorial telescope mount is essential to allow long-exposure photographs of objects in the night sky.









Equatorial mount aligned on Polaris
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The movement of the stars and planets across the sky from east to west is a result of the rotation of the Earth. When setting up an equatorial telescope mount, one of its axes is aligned so that it points parallel to the Earth’s axis of rotation. Attaching a motor to that axis then allows the telescope to follow objects across the sky, making long-exposure photography much easier.








For those of you interested only in imaging planets or other high-resolution objects, that will be all you use that second motor for. If you are planning on longer exposures of fainter deep-sky objects, then you will find that the polar alignment you so diligently set up is never perfect and tiny adjustments are needed to keep the object in the centre of the field of view as the exposure progresses. These adjustments will also be needed on the polar-axis motor, as your wonderful new equatorial mount has manufacturing flaws in it! By that, I mean it is not possible to build a mechanically perfect mount. As you try to follow objects precisely across the sky, there will be inaccuracies in the drive which means it sometimes speeds up and sometimes slows down, so you would need to speed up or slow down the motor to compensate. In the old days this was a manual process, but now you can use a second camera to ‘watch’ the telescope and make tiny corrections to keep the object centred.
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Motors are attached to the axes of an equatorial telescope to follow objects across the sky.





The ideal equatorial mount for imaging is one that allows all of these functions – motors to both axes, some means to control them to centre objects, and the ability to connect up a secondary camera either directly or through a computer to automatically make guiding corrections. This may sound like a lot but there are loads of good mounts on the market which can do that and they do not cost a vast amount of money. Certainly, you will need to spend upwards of around £500 for a good-quality mount, and this price will go up the heavier your telescope is because the mount needs to be more robust.


There will be a range of different types of equatorial mounts to consider from fork mounts to German equatorials, but in my opinion the latter are by far the best. I used to have a Meade LX200 fork-mounted telescope and it was a great imaging scope, but you had to be really careful with the amount of cameras and accessories attached at the eyepiece end, because it was not unusual for the whole telescope to try and swing through the mount only to find there was so much stuff on the back that it got stuck and would not fit through. Indeed, if you are going down the route of a mono camera and a colour filter wheel to produce full colour images then you will need to consider their bulk.
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