Astrophotography

Overview

Astrophotography ranges from simple images of hrigfjects to very complex exposures

designed to reveal objects that are too faint seole with the naked eye. With only a few
exceptions, almost all astrophotography employs &xposures since both film and digital
cameras can accumulate and sum light photons orgrderiods of time. This is just one of
many distinct aspects of astrophotography thatisafsrt from conventional photography.

History

John William Draper and the first astrophoto of kh@on

The first astrophoto is attributed to John Willi@raper, who took a photo of the moon in
1840. His son, Henry Draper, later became the iesson to photograph the Orion Nebula in
1880, which was essentially the first deep skyogstoto.



Henry Draper and the first deep sky astrophoto

Today, astrophotography is a fast growing hobbyithpopular among photographers,
amateur astronomers, and hobbyists of all ages.n@onial astrophotography equipment is
easy to find, and modern digital cameras are irsongan popularity due to lower cost and
ease of use. However, skill and technique are mlgimportant, and the hobby can become
a life-time passion or short-term frustration.

Requirements

1. Camera
a. Single lens Reflex camera
b. Manual focus
c. Manual exposure control
d. B (bulb) mode
e. Interchangeable lenses



f. Recommended: focusing screen and mirror lock up

2. Lens

Camera lenses have two important specificationst K the focal length in

millimeters, such as 50mm or 135mm. The focal lengtwhat determines the image
size or magnification of a lens. Unlike in telesespvhere you use shorter focal length
eyepieces to increase magnification, in cameraotiger the focal length, the higher
the magnification. The longer the focal length d¢as, the larger the image on the
film will be.

The following table is showing different sizes @fjects on 35 mm film frame at
different focal lengths.




The other vital measurement of a lens is its fogéb or f-ratio. The focal ratio is
determined by dividing the focal length of a leystie diameter of the objective
element of the lens. A lens with a large diametiiroapture more light during an
exposure than smaller diameter lens with the sawa fength at the same exposure
time. A lens with a low f-ratio (e.g. f/1.4) wilegquire a shorter exposure time and is
said to be a fast lens. A lens with a higher ferégi.g. f/5.6) requires a longer exposure
time to capture the same amount of light. For tbé&son it is called a slow lens.

It is recommended to use fixed focal length lenvegiés low focal ratios when possible.
Fixed lenses normally offer a higher resolutiothia image at lower f-ratios than
zoom lenses at the same focal length.

3. Mount

Once we have a camera and a lens we need to nimmumti t

Different ways to mount the camera

1. Camera on tripod



This is the most basic way of taking picturesnitdlves pointing a camera at the sky
and taking a picture. However as starlight is sotféhe film needs to be exposed to
their light for quite a long time for them to shoyw. You will need, then:

A (preferably manual SLR) camera that lets you éetlne shutter open, that is, it has a
"B" or "Bulb" mode.

A locking cable release so that you can leave éimeecas shutter open.
A tripod is extremely useful, but you can restiyahere if you don't have one.

The following table is showing after how much tigeu will get blurring at different
focal lengths.

" # $

If you point the camera north or south the curvadk of the stars is very apparent.
You can also take shorter duration exposures (BD teeconds depending on the lens
used) and take very nice constellation shots thatvsright stars and very little or no
star movement.

2. Camera Piggyback
a. Barn Door Tracker - The Cheap Way



OK, you want to take longer exposures without stils and without spending
a lot of money to do it? The answer is a Barn Duoount. This is little more
than two boards and a hinge. The bottom boardlgdtationary while a
camera is attached to the moveable top board. Xiseathe hinge is aligned
with the celestial pole and a threaded rod is eotéb force the top board to
move. This movement counteracts the rotation oBdeh and allows the
camera to remain fixed relative to the stars.

With the correct dimensions of the boards and ¢ide & barn door drive is
suitable for exposures of up to ten minutes. Mdabarate versions of barn
door mounts have been made with motor drives, pialtiinges and guide
scopes. Some of these are capable of accurateklyrigathe stars for up to
thirty minutes. Plans for making barn door mouméesavailable in many
astronomy books and on the Internet.

Piggyback

When a camera and a normal lens are attacheceteszdpe or other moveable
platform, the technique is called piggyback moumtin

For this method you need:
A camera that lets you take long exposures withecadbease;
An equatorially mounted telescope - this mount ninesvery stable or
the vibrations will ruin the picture;
Some method of attaching your camera to your tefesc

Assuming that you have a telescope that tracksttrs in equatorial mode,
you can attach your camera to the outside of thpesand use the camera lens



to image the sky. This would be a long durationtpgaph (10 minutes or
longer) similar to the “star trails” previously memed except the telescope
will move the camera to counteract the motion efearth and the stars will
remain pinpoints on the film.

3. Afocal Method

The afocal method is just putting the camera upeceyepiece and taking the picture.

Afocal photography can be done using any cametajigiial cameras are best for this
method because you get the chance to see the ipimodiately and you can quickly
learn from your mistakes and pick up the techni¢figal can't use ordinary digital
cameras for all astrophotography methods as the'y dalong exposures, but with the
afocal method only short exposures are required.

This method is good for photographing the moon@adets. If you are taking
pictures of the sun yoMUST use an aperture solar filter or you could ruinryou
camera, your telescope ¥OUR EYES!!!

4. Prime Focus



For “prime focus” photography you remove the cantena and the telescope
eyepiece and mechanically couple the camera bothettelescope. How much
magnification do you get with a telescope? Thisethels on the telescope focal length
but it is easy to figure out. For a 35mm camer@mar lens is considered “normal” or
1X. If you divide the telescope focal length in lmileters by 50mm the result is the
magnification. As an example, our 5” reflector @a850 mm focal length. Therefore
the magnification at prime focus with a camera56rém divided by 50mm or 13
times magnification.

Obtaining successful prime focus astrophotos depargteat deal on the accuracy of
the polar alignment of the telescope, the accuohtlye drive motors and the duration
of the exposure. For prime focus photography, tlwalflength and f-ratio of the
telescope are used to calculate exposure times.

5. Guiding

A variant of prime focus is guided exposures. # thlescope drive has a controller to
adjust tracking, then long duration photos maydbem by correcting tracking errors
during the exposure. Guiding can be done with arsép telescope mounted to the
main telescope or device called a radial guider beaysed.



Radial Guider diagram

This device attaches to the telescope and hasdthteattach a camera. In the radial
guider a small prism projects slightly into thehligpath. The prism diverts a small
amount of light to an eyepiece at a right anglthelight path.

After aligning and focusing the telescope and canoerthe object to be
photographed, the guide scope or prism is adjusidtat a bright guide star is visible
in the guiding eyepiece. The eyepiece used norrhalkyan illuminated reticule or
crosshairs. For the duration of the exposure,rdeking of the telescope is adjusted
with the controller to keep the guide star centenedhe cross hairs of the guiding
eyepiece.

For long exposures, this can be an extremely tadioocess. Many
astrophotographers now use a specialized CCD carabeal an autoguider to take
their photographs. The CCD tracks the guide stdraaljusts the telescope tracking
automatically.

. Eyepiece Projection

Taking prime focus pictures of the planets candmeesvhat disappointing. The
images that you get are VERY tiny and have poarluéi®n due to their image scale.
To make the image scale larger a special adapéaqusired that allows you to insert
an eyepiece into the optical path between the caanad the telescope. This “projects”
a larger image onto the film effectively increasthg focal length of the system.
There are tradeoffs.... By spreading the availagke out over a larger film area the



exposure must become much longer and by increéistngystem focal length small
guiding errors are magnified along with the imadgespite these problems, robust
mechanical systems and a lot of practice will alieum to take some very nice
planetary photographs.

To calculate the focal length and focal ratio, youst first determine the
magnification factor. First, measure the distamoenfthe eyepiece lens to the film
plane in the camera. Subtract the focal lengthefyepiece from this distance.
Divide this value by the focal length of the eyegi¢o yield magnification.

eyepiece to film distance-eyepiece focal length
------------------------------------------------------------- = magnification

eyepiece focal length
magnification x telescope focal lengtl+ equivalent focal length
equivalent focal length/ telescope aperture=focal ratio

Let’s say we have a telescope of 2000 mm focaltlength 32 mm eyepiece and an
eyepiece to film distance of 110 millimeters. Ttasults in: (110 - 32) /32 = 2.4x
magnification (over prime focus), 2.4 x 2000 (folmadgth of telescope) 4875
millimeters focal length, 4875 / 200 (telescoperape) =24.3focal ratio.

Difficulties

1. Focusing
a) Focusing Masks and Magnifiers
Putting a two holed mask over the front of the gcoan help in finding focus
as well. It should be big enough in diameter toezdtae full aperture of your
scope, and the holes should fit on either sidb®fsecondary mirror. If you
have a refractor, just make the mask so it fits dive objective lens and has
two holes on either side.

Below, you see an image of what the slightly oufioolus stars look like with
the full aperture double holed mask on the frorthefscope. It is simply a
matter of moving the focuser to bring the doubde shages together. When
the two stars are perfectly centered, like yousethe right, you know you are
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very close to best focus. To help even further,mfgghe star images. You
will be able to see the slightest difference betweither side of focus.

b) Knife Edge Focusing
Knife Edge Focusing is the best way to focus forogdotography since it
does not rely on your eye's ability to distingussbkingle point of focus but
instead creates a highly sensitive pattern theasy to see. Knife edge
focusing is used by many astrophotographers bedtosesistently achieves
an unquestionable precision of focus.

A knife edge focus works by intercepting the ligbhe creating an apparent
dark line on the image seen past the knife edgeus-is achieved by wideing
the pattern created by the star, until it takesh@pwvhole field and fills the

circle. Once the pattern fills the field of viewpemoves the scope from side to
side with the slow motion controls. If the pattétimks off when moving the
scope one way, and then blinks back on when mawegcope back it is
perfectly focused. If the circle has a line moveoas it when the scope is
moved, it is not in perfect focus yet and it isessary to make a fine
adjustment to the focus until it simply blinks amdeoff.
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2. Vibration Issues (Cable Release)

+ s13-vibration2.jpg

Any vibration will ruin a long-exposure photograg@everal methods exist to reduce
or eliminate vibration.

The "hat trick" - Obstructing the lens aperturetfoe first few seconds of the
exposure with a hat (or a large piece of dark caadt), to allow vibrations
to die down

A cable release, which reduces the vibration traitedfrom pressing the
shutter

The camera'’s self-timer feature, which gives aydet#8-10 seconds from
shutter actuation to exposure

Computer tethering, or operating the camera frdaptop or even over the
Internet.

3. Dust Issues

Digital SLRs mounted directly to optical tubes véitentually encounter problems

with dust accumulation on the sensor. This is dafig@cute with the ones opened
directly to the atmosphere for minutes at a timthweflector telescopes. Dust appears
as dark spots in the image and must be carefidgnad off.

4. Post-processing
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Once the images are stored on the computer, anperofh post-processing
operations may be performed on them. In astrophapdy, much liberty is taken with
the enhancement of images, including noise reductiontrast and saturation
enhancement. Several software packages exist madlgifor this purpose.

NB! This aspect of the astrophotography will beserded in a separate lecture.

5. Power Requirements

Digital cameras are battery eaters, especiallpuf yse the LCD screen continuously.
You can avoid the problem if you have an AC adaatet access to a wall outlet.
Fresh batteries can last less than a half hownmescameras. Also, on cold nights
batteries lose their capacity more quickly. Keemrgupply of fresh batteries can be
very expensive, so the best option is to buy reygetsle batteries. Keep one or two
spare sets charged and handy for long sessions.

To prevent damage to sensitive electronics, praktectamera from excessive dew.

Cover the camera when not in use, and on dewys)ighep it powered up to maintain
some internal warmth.

Hubble Ultra Deep Field Image
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The Hubble Space Telescope has obtained the deepesbf the cosmos, detecting the
oldest and most distant galaxies seen by astrorsomer

The Hubble telescope's wide-field camera snapp8dce8posures, taking two exposures per
orbit. The exposures were taken over 4 months, fsept. 24, 2003 to Jan. 16, 2004. The 800
exposures amounted to about 1 million seconds @& ddys of viewing time. The average
exposure time was 21 minutes. The image yieldshalvarvest of about 10,000 galaxies.
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