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Lab Requirements and Policies
Instructor:  Jon Marr  (x6443, marrj@union.edu)

Office Hours:  S&E N327, Tue 10-11, Wed 1:30-2:30, Thur 11-12

Lab Web Page:

In the labs you will learn about the instrumentation used by astronomers.  You will learn how a telescope works, how a spectroscope works, and how to find your way around the sky.  You will use a telescope to find and study interesting celestial objects, and, in the end, if all goes well, you may take home photos that you took yourself of cool astronomical objects.  

The labs will occur in the evenings (after dark) and involve travel to a nearby park, where there is a clear view of the sky, fewer lights, and permanent mounts for the telescopes.  You will only need to meet for four labs, but they will be three hours long each.  Also, be aware that the completion of all four labs is a requirement for passing the course.  For each lab you must show up, participate in following through with the lab exercises, and turn in a written report.  Attendance will be taken.  Please look for and write your name on the signup sheet at the beginning of each lab session.  Because of possible complications due to weather, the schedule of which particular weeks your lab will meet, as discussed below, cannot be determined at the beginning of the term.  You need to be sure that you are available for every evening of your scheduled lab section throughout the term.  

Because of the necessary evening time and travel for the labs, the labs cannot be made-up if you miss a lab.  Therefore, if you have any schedule conflicts, contact your lab instructor as soon as you know of the conflict (preferably, at least a week before the lab) so that an accommodation can be made.  If you miss a lab because of illness, contact your instructor as soon as you can and bring your instructor a note from the student health service (or whatever doctor or hospital you visited).

Also, because of the limited equipment and van space, you cannot attend a lab meeting time different from your officially scheduled section.  If your scheduled lab section poses an unsolvable conflict for you, contact your instructor as soon as possible—perhaps a switch with someone else in the class can be arranged.

Lab Schedule:  Because astronomical observations require clear skies, the lab schedule is set-up to allow for bad weather.  “Lab 1” will be completed indoors, while Labs 2-4 are outdoor labs.  The first lab meeting will occur during week 2 of the term, rain, clouds, or shine.  If the weather is cloudy, we will do "Lab #1," but if it is clear, we will do “Lab #2” and save “Lab #1” for the second week.  Once Lab #1 has been done, we will plan to meet each week, but with the understanding that if the skies are cloudy, the lab might be postponed until the following week.  By “front-loading” the labs at the beginning of the term, we should have little difficulty getting  all four labs completed by the end of the term.  In case bad weather persists, we do have two back-up indoor labs that we can do if needed.  

E-mail:  Because of the complication with weather, your lab instructor will send e-mail messages on the day of a lab regarding the postponement or meeting of a lab.  Please be sure that your instructor knows the best e-mail address to reach you.  Also, you should check your e-mail on the day of lab, regardless of how the weather appears in the afternoon; the weather forecast sometimes predicts a change in weather later in the same day.  A final decision on the postponement of a lab will be made by 6:00 pm on the day of the lab.

Lab Reports:  No formal lab reports will be required.  For most labs you will need only to provide answers to a list of questions.  Specific instructions for the reports for each lab will be handed out at each lab meeting.  Each report should contain at least the following information.

Title:  Be sure to start with your report with the header information, i.e. a title, the date of the lab, your name, partner’s name, and your lab section.

Results and Discussion:  Present any data or photos and answers to questions asked in the manual.  


References:  Needed only if you mentioned any information that you obtained from another source.  Be sure to give complete information about that source.  (Don’t worry about the format of the citations, provided they are accurate.)  
Also, when you write the report, keep one thing in mind: each student must write up his/her report in his/her own words.  Your report must be a reflection of the knowledge and understanding that is your own head.  Any report that has identical wording to another will be considered plagiarized and the matter will be brought to the Dean of Studies!
Be Responsible:  Throughout the term, please keep in mind that you will be using expensive equipment that can be broken.  Please keep the following motto in mind:  “strength is a liability, tenderness is a virtue” (except when carrying the telescopes).  Don’t try to impress your partner(s) or the instructor with how hard you can tighten a knob or screw.  If you’re particularly strong (such as a football linemen), you’ll need to make an extra effort to not force a fit that isn’t supposed to fit.  Also, coming to lab inebriated will not be allowed!  Although you may think that it would make your star lab more fun, keep in mind that your instructor needs to protect the equipment.  (Breaking lab equipment is one way to contribute to a further increase in tuition).  If you come to lab clearly under the influence, you will be told to leave, which will mean you’ll have a missing lab and hence will fail the course!
Lab #1:  Basic Construction of Astronomical Instruments

Part A:  A Refracting Telescope:

1.  Mount an objective lens (a large lens) in the lens holder provided and place at the end of the optical track.  

2.  Determine the focal length of the objective lens by doing the following:


a)  Turn the optical track so that it points toward a distant, bright object with the 
objective lens at the end of the track toward the bright object.


b)  Move a clean white sheet of paper back and forth along the axis of the objective lens on 
the side of the lens opposite the bright object (that is, along the optical track).  Find the 
position where an image of the bright object appears most clearly on the paper.  The focal 
length is the distance from the center of the lens to the position where the light from a distant 
object focuses.  

3.  Determine the focal length of your eyepiece (small lens) the same way.  Note that because the eyepiece is much smaller than the objective, it gathers much less light and the image will be much fainter. Also the focal length of the eyepiece is quite small, so the focal point will be quite close to the lens.  
4.  Make a telescope by lining up the objective and eyepiece lenses along the same axis (check to be sure that the centers of both lenses are at the same height and that neither lens is turned to the side) at the correct distance from each other.  The correct distance is given by the sum of their focal lengths, as shown in the diagram below.  Determine the correct distance by putting your eye at the eyepiece and moving the eyepiece back and forth until a clear image appears in focus.  Measure the total length of your telescope when the image is in focus and compare that to the sum of the focal lengths of the two lenses.
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5.  Devise a method to measure the magnification of your telescope.  (Magnification is defined as the ratio of the apparent size of the image as you see it through the telescope to the apparent size of the object as you see it without the telescope.)  Compare your measured magnification to the expected value (which equals Fobjective/Feyepiece).
6.  Determine the effects of different aperture sizes:  (“aperture” literally means “hole”.  In terms of telescopes, it means the cross-sectional size of the objective lens, since one thinks of the objective lens as the hole through which the light falls through to be focused.)  Put a piece of black paper with a 1/2-cm hole (or smaller) over the objective lens and look through the telescope.  Move the paper around so that the hole moves around on the objective lens.  Aim the telescope at a faint object.  Compare the quality of the image when the small hole is placed over the objective to that without the small hole.  What differences do you see?  In particular, in what ways is the image improved with a larger aperture?  
To help understand the main points of this material, you may find it helpful to read Section 5.3 (pp 125-129) in the textbook and consider “Review Questions” #12, 13, and 14, and “Quick Quiz” question #35.

For Part A of the Lab Report:

Answer the following questions:

1.  What is the basic structure of a refracting telescope?

2.  How was the focal length of the objective measured?

3.  What is the focal length of your objective lens?
4.  What is the focal length of your eyepiece?
5.  What is the total length of your telescope when the image is in focus?  How does that compare with the sum of the focal lengths of the two lenses?  Should these numbers be the same?  Why or why not?

6.  What is the measured magnification of your telescope?  
7.  What is the theoretical magnification of your telescope?  How does that compare with the measured magnification? 
8.  Why should the objective lens be large? What advantage does a large aperture telescope have over a smaller aperture telescope with the same focal length?  

Part B:  A Spectroscope
To break a beam of light into a spectrum, one separates the wavelengths of light by passing the light through either a grating or a prism.  But, before the light passes through the grating or prism, it should first pass through a narrow slit.  Then, the light that passes through the grating or prism is an image of the slit and so an image of the slit will be seen at each wavelength.  Since the slit is narrow, there will be minimal overlap of the images at neighboring wavelengths.  The separate wavelengths can then be distinguished from each other.  Imagine, for example, if the light source was as large as the Nott Memorial and a slit was not used.  The red image of the Nott would overlap the blue image and all the colors in between would be smeared together.  You would not be able to see the individual colors and so you would not have succeeded in breaking up the light into a spectrum.

Instructions:

1.  Make your own spectroscope.  You’ll need a diffraction grating (mounted on a 35-mm slide), one 8 1/2” x 11” piece of black construction paper (to act as the housing for your device), two small 2” x 1” pieces of black construction paper (with which you’ll make the slit), and tape.  First roll and tape the sheet of construction paper into a long tube, leaving a circle of diameter ~ 2” at each end.  Tape the grating slide to one end of the tube of black paper.  Make a slit at the other end by taping on the two pieces of paper leaving about a 1/2 mm gap.  Make sure the slit runs perpendicular to the direction that the grating spreads out the light.  Study the instructor’s demonstration spectroscope if you’re uncertain.
2.  Emission of different gasses.  With your spectroscope, look at each of the hot gasses in the Balmer light tubes.  Note that each gas emits a series of “emission lines,” and that each has a completely different set of emission lines.  Why does the light from the gasses appear as “lines”?

3.  Draw a simple diagram of each of the spectra of the four Balmer tubes.  Take care that you draw the correct pattern in the relative separations of the lines.  Also indicate the color of each line.  These diagrams represent the spectral fingerprints of these gases.  In the next lab meeting you will be asked to identify the glowing gas in an unknown fluorescent lamp by referring to your drawings.  

4.  Point your spectroscope at the ordinary incandescent lamp.  What does its spectrum look like?  How does it differ, in general, from the spectra of the light sources in no. 2?

5.  Sometime during the day (later in the week) point your handmade spectroscope at the sky, near the Sun (but not at the Sun!).  What type of spectrum do you see (emission line, continuum, continuum with emission lines, or continuum with absorption lines)?  Can you explain why?
6.  Sometime in the evening (later in the week) point your handmade spectroscope at some lights around campus and determine which ones are incandescent lights and which are not.  Note the locations of these lamps so that you can list them in your report.

To help understand the main points of this material, you may find it helpful to read sections 5.1-5.2 (pp 111-125) in the textbook and consider “Review Questions” #1, 3, 7, 8, and 9, “Test Your Understanding” question #17, and “Quick Quiz” questions #27 and 32

For Part B of the Lab Report:

Answer the following questions:

1.  What is the basic structure of a spectroscope?
2.  Why does the light from the gasses appear as “lines”?
3.  Include the diagrams of each of the spectra of the four Balmer tubes.  

4.  How does the spectrum of the incandescent lamp differ, in general, from the spectra of the light sources in no. 2?
5.  What type of spectrum is Sunlight?  Explain why.

6.   Give the location and/or description of at least one incandescent lamp and one non-incandescent lamp on campus.
Lab #2:  Non-Telescopic Observations of the Sky

Part A:  The Sky and the “Sky and Planet Locator”
(Section I below is explanation only, and serves as a supplement to the text.  The concepts in this section will be discussed further in the lab.  Because these concepts are important for you to understand how observations are done, you should use the lab time to clear up any confusion on these matters.)

I.  The Sky.  Since the goal of astronomers is to observe and understand things that we see in the sky, we need to establish a system for finding things in the sky.  That is, we need to set up a "mapping" system for the sky so that whenever we choose to observe something, we need only to look up the position of that object, as defined in our mapping system, and point our telescope to that particular location on the sky.  This is also called a "coordinate system."  We assign each object a set of coordinates that are defined by the mapping system.  Here is a general overview of the most important aspects.  Let me first warn you that most of this is hard to follow just by reading unless you are exceptionally skilled at 3-D imaging of a verbal description and also keeping track of definitions at the same time.  I implore you to do your best at reading through this handout and I suggest that you try to follow it by drawing diagrams as you read.  

     There are two factors that make mapping the sky a bit complicated.  

a)  The sky (as we view it from the Earth) is spherical, and not flat like a road map.  This is not a new complexity, though; the Earth is also spherical.  The logical solution, then, is to set up a completely analogous coordinate system.  So, imagine that the sky is a spherical shell surrounding the Earth, and that it has lines on it that look like the Earth's lines of longitude and latitude.  We call this imaginary spherical shell the "celestial sphere."  The terms that astronomers use for these lines on the celestial sphere are "Right Ascension" (often abbreviated either as RA or with the Greek letter ) and "declination," (abbreviated either as dec or ).  The lines of Right Ascension are the extensions of the lines of longitude and the lines of declination are the extension of the lines of latitude.  Since the apparent rotation of the sky is actually due to the rotation of the Earth, the "poles" of the celestial sphere are the points directly overhead the poles on the Earth.  The celestial sphere, then, rotates like a sphere with a pole running through it from the north celestial pole to the south celestial pole.

b)  The rotation of the Earth causes the celestial sphere to rotate as we watch it, which means that the Earth’s lines of longitude and the sky’s lines of Right Ascension do not stay lined up.  The lines of latitude and declination are not affected by this rotation (by the way that they're defined) and so we can choose the 0o line of declination to be the exact extension of the 0o line of latitude.  (We call the 0o line of latitude the equator.  Likewise, the 0o line of declination is called the "celestial equator").  With the lines of RA and longitude, though, this is not so easy.  If at some moment in time you choose to define the 0o line of RA to be the extension of the 0o line of longitude, a minute later they will be shifted and they will continue to shift relative to each other.  Remember that we want the lines of RA to be useful for defining the position of a star on the sky.  We therefore need the lines of RA to be fixed relative to the stars, not the Earth.  What astronomers choose to do is to pick noon on March 21, the first day of Spring, as the moment in time when the lines of RA and longitude are lined up.  And then, through our knowledge of how the Earth rotates during the day, and how it moves around the Sun in its orbit throughout the year, we can figure out by how much the lines of RA are shifted from the lines of longitude at any given moment of time in the year.  This is not that difficult a task, but it is burdensome to do every time.  So, we usually have it programmed into a computer and rarely do we actually have to do the calculation.  I will not, therefore, try to explain to you how to do this calculation or expect you do to it.  All that we want you to appreciate and know about this is what the coordinate lines on the celestial sphere are and how they relate to the coordinate lines on the Earth in general.

     We need also to define a system that describes the way a particular observer sees the sky at any particular moment in time.  The terms that I want you to know are:  

a)  "horizon":  defines the limit of what parts of the sky you can see at any particular moment.  It is due to the ground and structures on the Earth blocking your view of the sky.  If the Earth were transparent, you could also view the sky below your feet by looking through the Earth.  But, since the Earth is opaque, you can't see this part of the sky because, we say, it is "below your horizon."  

b)  "altitude" or “elevation”:  is the height of an object above your horizon at any given moment.  It is measured as an angle (since you can't really define the linear distance of a star above the horizon).  When a star is on your horizon (so that it is either just rising or just setting) its altitude, or elevation, is 0o and when it is directly overhead, its altitude, or elevation, is 90o.  

c)  "zenith":  is the point in the sky directly overhead.  The object at your zenith, then, has an altitude of 90o.  Since the sky rotates continuously, this point on the celestial sphere continually changes, unless you are standing on the either the North or South pole.  

d)  "meridian": is a line of RA that runs through your zenith.  This is a bit abstract and is not as easy to understand.  But, it is important for the next term and so I will try to explain this further.  First, another way to state the definition, in case it helps, is that it is the line in the sky that runs through both the zenith and the north celestial pole (if you're in the northern hemisphere--if you were in the southern hemisphere you would use the south celestial pole).  Consider the following.  As the Earth rotates, you will see the stars move across the sky from East to West.  The stars that are at the same declination as your latitude, meaning that they are on the same East-West line as you, will pass directly overhead on their trek westward.  The moment that these stars are directly overhead (i.e. at the zenith) is, obviously, the moment when they are "highest" in the sky.  But, the stars that are at different declinations will never pass directly overhead because the point directly overhead must have the same declination as your latitude (by definition of declination).  How, then, do you define when these stars are the highest in the sky?  This is important because it is the best time to observe a particular object, and it also defines the mid-point of the time that a star is visible above the horizon (i.e. the moment in time exactly halfway between when it rises and when it sets).  Well, when the object rises it is on the horizon somewhere towards the East, and when it sets it is on the horizon somewhere towards the West.  As it moves along the sky, it will follow a line that runs due East-West.  The point when it is highest in the sky, will be when it crosses the North-South line exactly halfway between the points where it rises and where it sets.  This North-South line will be the extension of the North-South line on the Earth on which you are standing.  In other words, the star will be highest in the sky when it is on the North-South line that passes directly overhead.  If you can picture this, think now about the definition of meridian that I gave above.  Any given star is highest in the sky, during its trek across the sky, when it crosses the North-South line that passes directly overhead---and this is the meridian.  

e) "transit": (verb) means to pass through the meridian.  So, if I ask “When does Mars transit?” I mean at what time of day is Mars highest in the sky.  This is a typical question whose real meaning is "when is the best time to observe Mars?"

II.  Star and Planet Locator.  This is a portable and useful form of a star chart.  It combines the star chart with an overlay that allows you to view only the fraction of the sky that is visible at any given time.  That is, it has a mask to hide the part of the sky that is below the horizon.

Instructions:  

1.  Notice that on the outer edge of the dark blue wheel (which is the star chart part) there are dates and that on the inner edge of the light blue cover (which is the mask) there are times.  For any given observing time, turn the wheel so that the time of the observation lines up with the date.  Don’t forget to correct for daylight savings if it is summer.

2.  The part of the star chart that is visible in the elliptical hole is the visible sky at that time and date.  The gold circle is the north celestial pole (since the sky rotates about that point), the zenith is the point in the middle of the elliptical hole, and the full 360o of the horizon is the edge of the ellipse.  Once you have the wheel set properly for the correct time and day, the displayed part represents what you see if you stand with the star and planet locator held directly over your head with the gold ring toward the north.  (Notice that the compass directions are also written on the corners of the mask.)  Of course, you don't have to actually stand that way to make use of the Star and Planet Locator--this is just a description to help you understand what is displayed.

3.  To find a planet, look on the back of the star and planet locator and use the shaded box, titled "Planet Places." 


-On the table in the box, find the number given for the planet of interest and month of your observation.  


-Look below the shaded box and notice the small table titled "The 
Constellations."  Each number from the “Planet Places Table” corresponds to a 
particular constellation.


-Go to the front of the star and planet locator and look for that constellation.   It will be somewhere along the dashed line.  This dashed line is the ecliptic (that was defined in the section about star charts).  

Exercises:  Use the star and planet locator to determine the following.

1.  On what date does the galaxy in Andromeda (i.e. M31) transit at 9 pm?

2.  Explore the star chart on your star and planet locator and note that there are some objects that are neither individual stars, planets, or constellations.  These are interesting objects to view through a telescope.  Pick three such objects and determine at what times of year they are best viewed in the early evening (between 10 pm and midnight)?  Are they viewable this month during night time?  If so at what time of night would be the best time to view them?

3.  What planets are visible in the evening this month? 

4.  What constellation is Jupiter in right now?

5.  At what time does Mars transit on this date?  

6.  What constellation is in the northernmost part of the Milky Way (i.e. what constellation is found where the Milky Way passes closest to the North star?  When does this constellation set?  This constellation is “circumpolar”—what does that mean?

7.  The center of the Milky Way galaxy is located in Sagittarius.  What time of year is the best time for observing the Galactic center?  For how many hours is the Galactic center visible in one night?  (By the way, you can't really observe the Galactic center with optical telescopes because there is too much dust and gas in the Galaxy that obscures our view of the center of the Galaxy.  You’ll learn more about this in lecture later in the term.)
To help understand the main points of this material, you may find it helpful to read Section 2.1 (pages 27-34) in your textbook and consider “Review Questions” #4, 6, and 8,  “Test Your Understanding” questions #21 and 23, and “Quick Quiz” questions #28, 29, and 30.

Part A of Lab Report:

List the answers to Exercises 1-7.
Part B:  The Single-Lens Reflex Camera--A Mini-Refracting Telescope:

The lens of a camera is identical to that of a small “refracting” telescope.  All the light that hits the front of the lens is focused at the back of the camera, where the film or CCD is located.  A camera has the additional function of exposing the film or CCD for specific periods of time, and recording the image for you to study at length later.  In this lab, you will use this small telescope to take pictures of the sky.

Instructions:

A.  While in the lighted room get familiar with your camera.

1.  View finder.  Since this is a single-lens reflex camera, you can see exactly what the camera will see by looking through the view finder.  
2.  On/off switch and shutter button—obvious.
3.  You will want to make the camera take pictures in a way different from what the “auto” setting would do (photos of the sky are very different from those that the camera defaults are set for).  So, you do not want to the let the camera determine the important settings, and so first, you should be sure to set the dial on top of your camera to “M” (for “manual”).

4.  The zoom adjustment.  By turning the grip on the lens housing, you can set the field of view of the image.  For now, set the zoom to 18 (the lowest value).
5.  The “info” button.  Whenever you want to display screen on the back to light up and show the current exposure settings (such as when you want to change a setting) press the “info” button (near the on/off button) which will turn on the display on the screen at the back.

6.  “ISO sensitivity”.  This is the digital equivalent of “film speed.”  A higher number means the camera will be more sensitive and so is useful for photographing dark images.  You, of course, will want a high ISO.  To adjust the ISO sensitivity, press the “MENU” button, click the left arrow (next to “OK”) to get to the left column options, scroll up and down to get to the camera icon (second from the top), click the right arrow, and then scroll down to “ISO sensitivity” and click “OK”.  Scroll down to “1600” and click “OK.”  The select it and click “OK” again.  (It seems that two “OK’s” are needed to make the ISO sensitivity stay set.)
7.  “Shooting Mode.”  To avoid jostling the camera during the exposure by physically pressing the shutter button, you will take exposures using a remote.  To set the camera to respond to the remote, do the following.  Press the “MENU” button.  As in step 7 get to the left column and select the third icon down (which brings up a menu called “CUSTOM SETTING MENU.”  Then scroll right and then down to “Shooting mode” and click “OK.” Scroll down to “Quick-response remote” and click “OK.”  Then, when you aim the remote at the front the camera and press the remote button, the camera will take the exposure.
8.  Then there are three more adjustments you need to know.  (“speed” and “aperture” can be seen in the view finder as well as on the display screen back.)

a.  The focus.  The focus adjustment is the dial at the very front of the lens.  For astronomy, you’ll always want to focus at infinity.  Before taking any sky shots, you can find the focus setting by aiming the camera at a bright and very distant object.  (When we get to the park, you’ll be able to take pictures of the GE R&D center).  Take an exposure at a bright star or planet and review the image to make sure it is in focus.  Then, for the rest of the lab, leave the focus setting alone. 

b.  “Shutter Speed” or “exposure time” (in seconds).  The current setting is displayed on the screen as the number just to the right of the large circle and as the first number in the view finder.  If this number is followed by a double quotation mark, then the number is the exposure time in seconds.  For example, if it says 5” then it is set to expose the CCD for 5 seconds.  If this number does not have a double quotation mark then the exposure time  in seconds = 1/(the number), e.g. if it says 5 then the exposure time = 1/5 seconds.  To change this setting, rotate the “command dial” (the bumpy dial at the upper right of the back) until you get to the desired exposure time.  The longest setting is 30”.  To get exposures longer than 30 seconds, turn the dial past 30” until you see “_ _” (if you have not set the shooting mode to quick-response remote, it will say “bulb”).  This setting enables you to manually determine the exposure time; the shutter will open when you press the button on the remote once and stay open until you hit the button again.  For now, set the exposure time for 30”.  

c.  Aperture or “f-number.”  The current setting is shown as the number just to the right of the shutter speed.  To change the setting, rotate the “command dial” while holding down the “+/-“ button near the “ON/OFF” button.   The number displayed is the “f-stop,” which is the ratio of the focal length of the lens to the diameter of the aperture, which is the opening through which light can pass and focus onto the CCD.  The f-stop adjustment actually changes only the size of the opening, or aperture.  You’ll generally want to use a large aperture (since there will not be much light).  For now, set the f-number to 4, which is the second smallest allowed (when the zoom is set to its lowest value, of 18).  

B.  Now get familiar with your tripod, how it is adjusted and locked, and how the camera attaches to it.

C.  As we head out to the van, bring: your paper for logging your observations, your star&planet locator, camera, remote, a tripod, and a watch or cellphone with a stopwatch option.  
D.  At the park, set-up the tripod with legs fully extended and locked, and mount the camera onto the tripod.  Aim the camera at the GE R&D center and set the focus.  Set the exposure time to 1 second and take a photo.
E.  Aim the camera at the North-Pole Star. Take three images--the first with an f-number at 4 and an exposure time of 30 seconds, the second with an f-number of 6 and an exposure time of 2 minutes, and the third with an f-number of 9 and an exposure time of 8 minutes.  

F.  Enter all the relevant information in your log.  (ISO setting, sky conditions (clear, hazy, partly cloudy...), and a table of exposures which give the exposure time, f-number, and object.
G.  Aim the camera far from the North-Pole star (at or near the celestial equator) and take pictures with the same exposure times and f-numbers as in E.  Record the information for the exposures in your log.
H.  Using your star and planet locator, if in September, find the Double Cluster (a.k.a. Chi and Eta Persei—your instructor will tell you where that is), or if in October, find the Pleiades.  (If in Spring find the beehive.)  A pair of binoculars will help.  Take three pictures, all with an f-number 4, and exposure times of 10 seconds, 20 seconds, and 30 seconds.

I.  Aim your camera at the galaxy in Andromeda and take exposures of 15 seconds, 30 seconds, and 1 minute, all with f-number = 4.
J.  Try now to take a zoomed-in shot of Andromeda.  You probably can’t see Andromeda through your view-finder, and so you used the full field-of-view in step I to ensure that you get it.  Take a gamble now that you’ve got Andromeda at least near the center of the field of view, and zoom in completely and take exposures of 10 seconds, 20 seconds, and 40 seconds. (all with the largest aperture (or smallest f-number) possible, which will be a different number when zoomed in.)

K.  Take all your equipment back to the classroom, and download your photos onto your flash drive or laptop.
Part B of Lab Report:

List the basic equipment: camera model (Nikon D40), lens model (Nikon DX).

List all the important fixed settings (ISO setting and f-number).  

Make a table listing all your exposures. There should be three columns:

Target (if known, or else direction), exposure number, and exposure time. 

Give each of your photo files names that include your name and the figure number.  For example, the first figure for lab partners Jones and Smith would be called ‘JonesSmith_figure1.jpg.’  In your written report refer to the photos by the file name.  Submit your photo files to the lab blackboard page using “digital dropbox..”  Be sure so “Send” your files to the instructor.  
Answer the following questions:

Questions:

1.  Note that the stars in the pictures look like streaks.  Why? How do the lengths of the streaks relate to the exposure times of the photos?  How do the lengths of the streaks in the pictures near the North Pole compare with those far from the North Pole.  Explain why they’re different.  How do the shapes of the streaks compare in the different regions of the sky?  Explain.  If one needed to take a long-exposure photo of an interesting-looking astronomical object, would it be easier or harder if it were near the North Pole?  (Note:  the goal is for the picture to look like the object—NOT like streaks.  For example, when Comet Hyakutake was closest several years ago, it was near the North Celestial Pole.  Did this help or hurt to get accurate pictures?)

2.  Look carefully at the pictures of the double cluster or the beehive and describe anything that you see other than individual bright stars.  State what the double cluster or beehive is?

3.  What exposure worked best for the picture of the double cluster and of the Milky Way? 

4.  Describe your pictures of the Andromeda Galaxy.  What does the galaxy look like in your 
photos?  What exposure worked best?

Lab #3:  Using the Celestron C6 Telescope.

This activity is intended to be conducted on two separate nights, and so will compose labs 3 and 4.   It is assumed that the first night you will accomplish most of the technical aspects, and a little observing, and the second night you mostly observe. For each of the two nights you will turn in a separate report.  (See below for the questions that should be answered on the first and second nights). Throughout the set-up, remember that strength is not a virtue (except while carrying heavy equipment). Do not force or overturn knobs or screws. 

1.  While in a warm, well-light room, get familiar with your telescope:

a.  The front of the telescope is the end by the eyepiece holder.  (Do you understand why the eyepiece is by the front of the telescope?)  There should be a dust cover on the front that easily pops off.  Be sure not to lose this cover, or any dust cover (such as those on the finder scope).

b.  Mount the telescope onto the mount.  Note the two metal rings on the mount. The rings open up so that you can insert the telescope. Be careful not to turn so far that the knob falls off. Unfortunately you have to turn almost that far to allow the telescope to fit. Close the rings, slide the nuts with knobs into the slots and tighten gently.

c.  Note that the telescope can now swing about two different axes.  These correspond to the two celestial coordinates (RA and DEC – these are like lines of latitude and longitude in the sky).  

d.  Locks and fine-adjustment knobs.  Each of these two axes has lock handles which you use to fix the telescope in position when you want.  These handles are black.  It should be obvious to you when you turn the handles when they are locked. To unlock, you only need to turn these handles a 1/2 turn counterclockwise.  There are also black knobs which enable you to turn the telescope on these axes more slowly and with more control.  These are the fine-adjust knobs.  They are used when you have the telescope close to, but not at, the position you want it to be.  These knobs are used, for example, to help center an object in the field of view (either in the telescope or the finder scope).

e.  Finder scope.  The miniature telescope attached to the big telescope (and that looks like a parasite fish following a whale) is known as the finder scope and is used for getting the celestial object of interest into the field of view of the telescope.  The finder scope, with its low magnification, has a much larger field of view than the telescope.  So, it is much easier to line up the telescope to get a particular object into the field of view of the finder scope than it is to get into the field of view of the telescope.  Once you get the object into the field of view of the finder scope, you can adjust the position of the telescope using the fine-adjust knobs to get the object at the center of the cross hairs of the finder scope.  Then, if the finder scope is properly aligned, that object should be in the field of view of the telescope.

f.  Eyepiece holder and focus knob.  The telescope will not already have an eyepiece.  The holder for the eyepiece should be obvious.  Notice that it has a little set screw to lock onto the eyepiece when you put it in.  On the eyepiece holder right by the telescope is the focus knob.  Every time you put in a new eyepiece you will need to re-focus. 

g.  Polar alignment. The main axis of the telescope mount should point to the North Celestial Pole.  Adjust the elevation (as best you can) to match our latitude of 43º.  

h.  Setting circles.  Note the silver and the black dial with silver numbers.  If the telescope is properly aligned, these dials would enable you to determine what celestial coordinates the telescope is pointing to and therefore would help you to find faint objects.  Note that declination is measured in degrees, while right ascension is measured in units of time--that is hours, minutes, and seconds. 

i.  You will mount the telescopes on metal piers in Niskayuna.  Carefully turn the mount over to examine the bottom to see how it will attach to the pier.  You should see two screws facing each other. These will grab the metal peg of the top of the pier, once correctly placed. 

2.  Bring your telescope, a set of eyepieces, and a flashlight to the van.  

3.  When we get to the park, choose your pier, noting that they are not of equal height (they come in tall, medium, and short). Verify that your chosen pier is not open at the top, but has a metal top with a screw hole in the middle and a vertical metal peg.  Remove the telescope from the mount, insert the mounting screw (screw with a black handle) into the pier and place the telescope mount onto the pier.  You probably have to loosen the two screws in the telescope mount in order for the mount settle into place. The screw from the top of the pier should go through the bottom of the mount first, and only afterwards will you tighten the two matching screws around the peg. This is your only sure method to avoid it falling off, so double-check it is well-adjusted, but do not force it!  
4.  Polar alignment.  Roughly line up the main axis of the mount with the North Celestial Pole.   Alignment in azimuth is approximately set by the location of the peg to which you attached the telescope mount. But you probably need to improve on this. Use the previously mentioned pair of screws that touch the peg to move in azimuth until the polar axis points to the North Star. You will need to loosen one screw, then tighten the other, to turn the telescope mount. 

5.  Install the telescope as instructed onto the mount. As you mount the telescope, rotate the position of the eyepiece and finder scope to a comfortable viewing height. 

6.  Install the Eyepiece.  Insert a long-focal length eyepiece into the eyepiece holder and lock it down.  A long focal length means that it has poor magnification, and therefore a large field of view. You will find it very hard to get an object in the center of the field of view using the highest power eyepiece, so you should always start with a long-focal length eyepiece.  Once you have the object in the center of the field of view of the lower power eyepiece, then you can put in the higher power eyepiece.

7.  Check the alignment of the finder scope.  The alignment of the finder scope with the telescope is very important.  If the finder scope is not well aligned, you will find it very difficult to find any object.  So, this is a very important step.  However, once the finder scope is aligned it will probably stay aligned for a long time.  You might find that the finder scope IS already aligned and so this step will be only a check.  But, you should always take the few minutes necessary to check that it is indeed aligned.  You’ll save yourself a lot of agony if you discover the finder scope is misaligned before you try to use to center an object.  Find a distant, bright, and easy to see object (such as a distant street light) and move the telescope so that the object is in the center of the field of view of the telescope (you'll probably need to focus) and lock the axes.  Then, check the finder scope.  If the object is not exactly in the center of the cross hairs of the finder scope then you need to adjust the finder scope.  To do so, use the three set screws on the finder scope.  You'll need to loosen one screw to turn another.

8.  Move to the North Pole star and fine-tune the polar alignment.  Adjust the altitude and azimuth adjustments of the mount until the N. Pole star is in the center of the finder scope.  (Note: in actuality, the North Pole star is not right at the Celestial North Pole and so centering the North Pole star in the telescope is not exactly correct.  But, this will suffice for this lab.)

9.   Move to the desired object.  With the lock handles unlocked, swing the telescope using the two axes to the correct direction.  Then, lock down the silver lock handles, look through the finder scope, and use the fine adjust knobs to center the object in the finder scope.  You might find it helpful to use the “double-eye method” as explained by your instructor.  The object should then appear in the field of view of the telescope.  To switch to a higher-power eyepiece, be sure to center the planet in the field of view of the telescope first.  Since the telescope mount does not have a motor, the object will drift out of the field unless you use the slow motion controls frequently to re-center it. If the mount is well-aligned, you should only need to use the right ascension knob. 

C.  Exercises (Be sure to take careful logs)   Fall Term (2009):

First night

1.  Use your star and planet locator to find Jupiter.  Change to the higher power eyepiece if you wish.  Look at it for as long as you like.  Describe what you see.  Look carefully and take note of all features that you can identify.  You can refer to your textbook to identify all that you see.  Draw pictures for your report.  Record the focal length of the eyepiece you are using.  

2.  Point the telescope to Deneb (use your sky and planet locator if necessary).  What do you see?  Describe in detail your observations.  

3.  Read and record the declination.   
4.  Recenter Deneb in the field of view and adjust the right ascension setting circle to match that of Deneb given in the table below.  Write this RA along with the time.  For the rest of this lab, don’t adjust the RA setting circle again.
5.  Observe the star Albireo (Beta Cygnus) at the foot of the Northern Cross (Cygnus).  .  What do you see?  Record its declination.
6. Point the telescope to M31.  M31, which is more commonly known as the Andromeda Galaxy, is the “galaxy” shown on the Star and Planet Locator in the constellation of Andromeda.  What do you see?  What is M31?  Read and record the declination of M31.
7. Now, return to the star Deneb, center it in the eyepiece, and once again record the declination, Right Ascension, and time. 

8.  If you have more time, get started on the Lab 4 exercises.  (but don’t discuss your results to these exercise until the Lab #4 report is due.) 

Coordinates of stars and objects of interest:


star or object


     RA

   Dec


Albireo


19h 30.7m
27º 58’


Deneb



20h 41.5m
49º 17’



M31 (Andromeda Galaxy)
00h 42.7m
41o 15’

D.  Dismantling

1.  Remove the eyepiece and puts its lens cover(s) on.  Be sure you still have two eyepieces.

2.  Put covers back on: the front of the telescope, both ends of the finder scope, and on the eyepiece holder.

3.  Take the telescope off the mount by opening the two large mounting circles. 

4.  Remove the mount from the pier by loosening the two screws that clamp onto the peg, and loosening the bolt under the mount at the top of the pier, if applicable. Cover the pier with the plastic barrel.  

5.  Carry all the parts back to the van and then to the storage room and help put them away.

Lab Report:
1.  Include the date of observation and observing conditions, as well as the names of your lab partners.  
2.  Record the focal lengths of all eyepieces used. 

3. You have used a Newtonian Reflector.  Explain what that means.  

4. What is the aperture of the telescope, and what is its focal length? Given these two numbers, what is its focal ratio (focal length divided by aperture)? Given the aperture, and that the pupil of a human eye is about 4 mm in diameter, calculate the ratio of the telescope’s light gathering power to that of a human eye. 

5.  For each of the eyepieces you used, calculate the magnification provided with the telescope.  In your notes on individual observations, you should always note the magnification or eyepiece used. 
6.  Describe the equatorial telescope mount you are using. What is it designed to accomplish?  How do the available axes and adjustments permit this to be accomplished? (Hint: You should be primarily discussing things related to polar alignment, Earth rotation, and the right ascension and declination coordinates. Don’t talk about adjustment screws or fine adjustment knobs.)

7.  Describe the alignment of the finderscope. Was it initially good?  Did you need to adjust it, and by how much (a natural comparison would be compared to the size of the field of view in the finder). 

8.  Describe (in separate paragraphs) your visual observations of the following.  Include diagrams where appropriate.

(a) Jupiter, 

(b) Deneb, 

(c) Albireo, and 

(d) the Andromeda Galaxy (M31). 

9.  Make a table of the measured declinations of Deneb, Albireo, and M31. Set up your table as follows.


First column--object name; 


Second column--measured declination; 


Third column--expected declination (from the given table); 


Fourth column--the difference (measured – expected declination). 


Discuss how well the declination measurements agreed. Is there anything that might need adjustment in the mount to get better results?  

10.  Compare your two RA measurements of the position of Deneb. Subtract the first measurement from the second.  How much time elapsed between your two observations? How are these phenomena related? Explain
Lab #4:  Second Observing Session with the Celestron C6 Telescope.
1.  Set up the telescope as you did in Lab #3.
2.  With a low-power eyepiece, point the telescope at the Double Cluster.  How does the image of these clusters compare with what you saw on your photographs taken with a camera?  Look at the clusters with binoculars.  Which of the three situations gives you the best view?  Why?  

3. Try to find M13 (If it is still high enough in the sky).  M13 is the “cluster” shown on the Star and Planet Locator and its coordinates are listed below.  What do you see?  What is M13, as explained in your text?  Mention any significant pieces of information regarding this object.  Note: if M13 is too low in the west, look for M15 in Pegasus. 

4. 
Try finding the Ring Nebula (M57).  It is labeled on the star map, but not on the star and planet finder. This is a challenging object to identify, so ask your instructor for help if you don't find it within 10 minutes. When you first get it in your scope it may look like a star, but when you study it carefully with a high power eyepiece you will see that it is clearly not a star and has a noticeable size and shape.  Describe what you see.  What is the Ring Nebula? (check your book).

5.  Now, try using the coordinates to accomplish two tasks.  First, find the star Vega in the sky.  Then, move the telescope to Deneb, set the RA setting circle to match that of Deneb, and then immediately slew the telescope to Vega.  Read the coordinates (RA and dec) of Vega.

6.  Use the coordinates of M34 to find this cluster without a star map.  (You’ll again want to first set the RA with an object of known coordinates, such as Deneb.)
Coordinates of stars and objects of interest:


star or object


     RA

  Dec


Double Cluster

02h 22.3m
57o 6.5’


Altair



19h 44.8m
08o 52’


Deneb



20h 41.5m
49º 17’


M13 (Hercules cluster) 
16h 41.7m
36o 28’



M31 (Andromeda Galaxy)
00h 42.7m
41o 15’



M57 (Ring Nebula)

18h 53.5m
33o 02’



M34



02h 38.8m
42o 34’
Lab Report:

1.  Give the names of your professor, lab partners, the date, and describe the observing conditions.

2.  Describe your observations of M13, the Double Cluster, and M57.
3.  Discuss your determination of the RA of Vega.

4.  Did you succeed in finding M34?  What does it look like?
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