
Observations and the Telescope, Laboratory 1

The Great Orion Nebula (M42), picture taken in Dandridge, TN

Telescopes come in an enormous number of varieties.  Shapes include radio dishes and wires, 
familiar optical telescopes, and satellites.  Sizes range from hand held to kilometers across.  Telescopes 
are used in a variety of locations like deserts, mountain tops, and space.  However, one common feature 
of telescope observations is that they are invariably carried out by computers.  Very little active 
research is done by naked eye alone.  Light is converted to an electronic signal which is recorded and 
interpreted by a computer.  This is true whether the telescope in question is the Very Large Array in 
New Mexico, or the Hubble Space Telescope.

Hubble, Image by en.wikipedia.org Very Large Array in Socorro, New Mexico, Image by Author

Even the fleet of 10, 8-inch Meade telescopes on the roof of the Physics Building are controlled 
by a computer at the top of the tripod.  Furthermore, these telescopes can be attached to laptops and 
controlled remotely.  The purpose of the first Night-Time Observation is to familiarize students with the 
night sky, and the Department's Telescopes.  In the second Night-Time observation required of all 
Astronomy 162 students, the telescopes are attached to cameras, which are attached to laptops.  The 
cameras take high-quality color images of distant galaxies or nebulae, which are saved by the computer 
and processed by students in the last in-class lab of the semester.
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Our Telescopes

In front of the classroom should be a real telescope that everyone should look at closely and 
handle.  This is what you will need to operate on the roof when you do your night-time observation.

Anatomy of the Meade 8-inch LX200R

Finder Scope Eyepiece
The finder scope is a much smaller telescope aligned with the main tube to provide a larger field 

of view for finding objects in the night sky.  The object is actually seen through the eyepiece.

The hand controller, pictured below, is the keyboard and monitor to operate the computer that 
directs the telescope.

The computer requires that every action finishes before the next action can start.  Mashing 
buttons will not make the telescope go faster, it will freeze the computer.
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The 'SPEED' key also labeled as '1' controls the speed at 
which the telescope moves.  Options are 1 as the slowest 
and 9 as the fastest.  A speed has to be chosen before the 
telescope will move.

The four opposing arrow keys in the middle of the hand 
controller move the telescope to look at an object.

Use the bottom two arrow keys to scroll through the list of 
displayed options.

'ENTER' key - select an option.

'MODE' key – go back to a previous menu, also used to 
find coordinates.

'GO TO' key – point the telescope to the selected object

'LIGHT' key – also labeled as '0' shines the red light at the 
top of the hand controller.



High Precision Mode
Telescopes for 162 students will be in High Precision Mode for both required Night-Time 

Observations.  High Precision Mode is used to make dim, distant objects easier to find.  In practice, 
High Precision Mode Changes the order in which the telescope moves to view an object.  Instead of 
slewing (moving) to the selected object, the telescope will first try moving to the brightest star near the 
object.  The observer moves the telescope so that the brightest star is in the center of the field-of-view. 
This tells the telescope's internal computer exactly where it is, so that it can slew to precisely where the 
dim object is supposed to be.

Now that you are familiar with the outside of the telescope, it's time to use it to find celestial 
objects.  While the actual telescope laboratories will be conducted on the roof of the Physics Building, 
experience has taught the organizers that going through the motions in the classroom first helps.

Night-time Telescope Observations
The goal of the night labs is to familiarize students with real astronomy and the night sky.  The 

telescope is a good tool to access the night sky, but only if students learn how to use it.  The first t-lab is 
designed to teach students how to use the Meade telescopes by finding stars and solar system objects in 
High Precision Mode.  The second lab uses a ccd camera to take a series of color images of a distant 
celestial object such as a galaxy or nebula.  The final in-class lab of this course will be when those 
images are manipulated to produce a single picture of the celestial object.
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Dew Shield-  Keeps dew from collecting on the 
telescope mirrors.

Tube-  The mirrors that make up the functional 
part of the telescope.

Fork Arm – holds the tube, and contains the 
mechanics to move the telescope.

At the base of the fork arm and above the tripod 
is the computer of the telescope.  All electronics 
plug into the telescope here, be careful of pulling 
out cords!

Tripod – Elevates and Steadies the telescope. 
The tripod is important not only for support, but 
also to keep the structure level with the ground.

There will also be a small folding table and chair 
to work from on the night of observation.



T-3 Part 1
For five bright celestial objects:  use the hand controller to move the telescope to each object, record 
each object's right ascension and declination, identify the object with the telescope database.

1. Locate and center and object.
a)  Use the speed key with a number 1 to 9 to pick a speed for the telescope to move (slew).
b)  Use the four opposing arrow keys to move the telescope onto a bright star or solar system 
object.  Keep moving the telescope until the object is in the center of the finder scope.  Move 
your eye down to the eyepiece, the object should be very close to the center.  Move the 
telescope until the object is in the center of the eyepiece.

2. Find the right ascension and declination of the object.
a)  With the object in the center of the eyepiece, hold the 'MODE' key down for 3 seconds. 
When you release the 'Mode' key the screen will display the right ascension and declination of 
the telescope's current position.  Record on the answer sheet.

3. Identify the object with the telescope's database.
a)  Press the 'MODE' key repeatedly until you back to the 'Select Object' screen.
b)  Press 'ENTER' and scroll through the list until you reach 'Identify'
c)  Press 'ENTER' again, and if the object is in the database, the screen will display it's name. 
Record on the answer sheet.

4. Repeat with four more bright stars or solar-system objects.

T-3 Part 2
Use the telescope's computer database in High Precision Mode to find 5 stars or solar system objects, 
record the objects' identification and each object's right ascension and declination.

1. Use the database to find an object.
a)  Press the 'MODE' key repeatedly until you get the screen showing 'Select Object', press 
'ENTER'.
b)  Choose either 'Star' or 'Solar System' and press 'ENTER'
c)  Scroll down the list of objects, choose one and press 'ENTER'.  The screen will display the 
object identification, record this.
d)  Press 'GO TO'.  Because the telescopes are in High Precision Mode, the telescope will move 
to a bright star near the selected object first.  

i)  With the four arrow keys in the middle of the keypad, move that star, the brightest in the 
field, to the center of the finder scope, then to the center of the eyepiece.  
ii)  When the brightest star is in the center of the eyepiece, press 'ENTER' and the telescope 
will move to the selected object.  
iii)  Be certain that the telescope has stopped moving and the screen no longer reads 
'slewing' before pressing any more buttons.

2. Find the right ascension and declination of the object.
a)  With the object in the center of the eyepiece, hold the 'MODE' key down for 3 seconds. 
When you release the 'Mode' key the screen will display the right ascension and declination of 
the telescope's current position.  Record on the answer sheet.

3. Repeat with four more stars or solar system objects in the database.

The grade for this night-time lab will come from the worksheet that you will fill out on the roof 
that night, get stamped by the roof TA, and hand in on that night.
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CCD Color Astrophotography

In the first Night-Time Observation, the telescope had an eyepiece at the base that students can 
look through.  For the second Night-Time Observation, this space is taken up by the CCD camera, as 
the above image shows.  All observations are made by looking at the screen of the connected laptop.

A CCD Camera works via the photoelectric effect.  Simply, an incoming photon knocks an 
electron from the chip which causes an electric signal.  The signal distribution on the chip is interpreted 
as an image.  These cameras are very sensitive to light and movement.  So sensitive that they cannot 
take pictures of bright solar system objects.  Instead, these cameras are used to take pictures of deep 
sky objects like distant galaxies and clouds of gas and dust called nebulae.  Also, because the cameras 
are sensitive to slight movement and are aimed at such a small portion of the sky, the slightest touch to 
the camera, telescope, or tripod while the camera is taking a picture is enough to blur an image.

The department's cameras take color pictures by putting a colored filter in front of the CCD 
chip, so that only light of that color can excite the electrons and send a signal.  The filters are on a 
wheel inside the camera, and the color is chosen by input on the laptop.

Two important features that have to be selected for every image are 'Dark Frames' and 'Filter 
Warm Pixels'.  Both features are ways for the computer to reduce electronic noise produced by the 
camera.  Because the camera is itself an electronic device, it artificially creates excited electrons that 
can mar the image.  By taking a 'Dark Frame' the camera takes a picture with the shutter closed, and 
subtracts that signal from the corresponding open-shutter picture.  Any pixels that are removed are just 
electronic noise.  By 'Filtering Warm Pixels' the camera subtracts those pixels that came from overly 
excited electrons.  These electrons were likely noise from the camera, not released by a photon from the 
distant galaxy striking the CCD chip.  Using both of these tools automatically when taking pictures, 
improves the quality and clarity of those images.
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T-4
Use the telescope's database to find a deep sky object while in High Precision Mode, and take red, 
green and blue images of that object, to be processed in the last in-class lab of the semester.

1. Set the laptop to show the telescope view in real time.
a)  On the laptop, the CCDOps program should already be open, put the camera into 'Focus' 
mode by selecting 'Camera' then 'Focus.'  In the box that appears, set the exposure time to 1 
second, the Frame Size to 'Full-High', include 'dark frames' and 'filter warm pixels' 'OK'.

2. Use the database to find an object in High Precision Mode.
a)  Press the 'MODE' key on the hand controller repeatedly until you get the screen showing 
'Select Object', press 'ENTER'.
b)  Choose either 'DEEP SKY' and press 'ENTER'
c)  Scroll down the list of objects, choose one and press 'ENTER'.  The screen will display the 
object identification, record this.
d)  Press 'GO TO'.  Because the telescopes are in High Precision Mode, the telescope will move 
to a bright star near the selected object first.  

i)  With the four arrow keys in the middle of the keypad, move that star, the brightest in the 
field, to the center of the finder scope, then to the center of the eyepiece.  
ii)  When the brightest star is in the center of the eyepiece, press 'ENTER' and the telescope 
will move to the selected object.  
iii)  Be certain that the telescope has stopped moving and the screen no longer reads 
'slewing' before pressing any more buttons.

3. Take the Pictures and Save All 3 of Them.
a)  With the Deep Sky Object that you chose in the center of the main box, press the 'X' on the 
focus box only to stop the camera from focusing.
b)  Select 'Camera', 'Grab' to open the 'Grab' box.  Enter an Exposure Time between 1 (for a 
bright object) and 10 (for a dim object).  Include 'Dark Frames' and 'Filter Warm Pixels'.  Use a 
'Full High' Image size and set Special Processing to 'ColorGrab'.  Don't change anything in the 
Special Processing box.  Save the Images as 'FITS' Files to a flashdrive.  Keep the camera as 
still as possible while it is taking the pictures to prevent blurry images.

4. The computer will save the images as name.R, name.G, and name.B.  Every group member will 
need a copy of all 3 images to do the last in-class lab of the semester.  The grade for this night-
time lab will come from the worksheet that you fill out on the roof that night, get stamped by 
the roof TA, and hand in on that night.
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