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The Lab:

Note:  For this course, you are required to complete four labs.  Since you get Gen-Ed lab credit for Astro 51, the completion of all four labs is a requirement for 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 the signup sheet at the beginning of lab and sign it. There are no normally scheduled make-up labs, and you should attend on the correct night of the week. 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).  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).

     The main goal of these labs is to teach you all about the instrumentation used by astronomers, which has enabled humanity to infer the workings of the Universe.  You will learn how a telescope works, how a spectroscope works, and you will get to use a telescope to study celestial objects.  In the end, if all goes well, you may have your own photos of astronomical objects that you took yourself.

Lab Schedule:

     Because astronomical observations require clear skies, the labs are set-up to allow for bad weather.  For week 2, we will have lab rain or shine. If the weather is clear, we will do "lab 2" in Niskayuna. If the weather is cloudy, we will do "lab 1" indoors. Labs #2 and #3 involve observing the sky and so they require clear skies.  These labs can be postponed  by the instructor on cloudy nights, as long as they occur before the scheduled week for lab #4.  If the skies are still cloudy, indoor lab #1 and #2 can be used and lab #3 can be performed as the 4th lab.  For lab #4, we will need to meet before sunset (later afternoon).  

     The tentative lab schedule (depending on changes due to weather) is as follows:

Week#

Lab#

    2

 1A, 1B  or 2A, 2B
    3

 2A, 2B or 1A, 1B
    4

    3 or indoor lab #1

    5

    4, or 3, or indoor lab #2

E-mail:  Because labs are likely to be cancelled, due to weather, from time to time, your lab instructor will send information regarding modifications to the schedule by e-mail.  If you are not yet familiar with using the campus e-mail, now is the time to learn. Also, lab cancellations may be announced on the class web page. 
Lab Reports:  The lab reports should be broken up into clearly marked sections, as follows.

Title Page:  Devote a whole page to the title, date, your name, your partner’s name, and your instructor’s name.

Introduction:  Discuss the relevance of the material explored in the lab.  At the beginning of each lab some reading from the text is assigned.  The material discussed in this reading, for example, is good stuff to put in the introduction.

Procedure:  Discuss what you did.  You should keep a log during your labs and then refer to that log to write your procedure.  Don’t just copy the lab manual, or say “see the lab manual.”  You need to write what YOU did, based on your log notes and your memory.  Include mention of any mistakes you made and what you learned from those mistakes.  For the outdoor labs, you should describe the weather.
Results and Discussion:  Give the answers to questions asked in the manual.  Feel free to elaborate in this section.  Did you learn anything beyond that asked in the manual, were there any particularly interesting revelations or insights? This is probably the section where you will also answer the questions requested of you, either in this manual or textbook questions. Answer them by incorporating them into paragraph form, not just as a list out of context. 
      To get the right level of explanation and discussion in your report, think of your lab report as an attempt to explain to another person (such as a friend at another school) everything about your lab, so that your friend knows exactly just how cool (or uncool) your astro. lab is and how much (or little) you’re learning from it.  Don’t assume the reader is the professor and knows what you are talking about, and don’t leave the calculations for the reader to do! Make your answers very clear and explicit. 
     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.

Be Responsible:  Remember to put away any materials you have used, which may include going over a checklist of materials. 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 #1A:  Basic Construction of a Refracting Telescope:

Before coming to lab, read Arny section 4.1 and consider the end-of-chapter “Questions for Review” #1-5, “Thought Questions” #1-4, and “Test Yourself” questions #1,2,5.

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


optical track.  Why should the objective lens be large?

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.  What is the focal length of your objective lens?

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.  What is the focal length of your eyepiece?
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.




[image: image1.png]



5.   Devise a method to measure the magnification of your telescope.  What is 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?  


What advantages does a large aperture telescope have over a smaller aperture telescope 
with the same focal length?  (there are two.)

Lab #1B:  Spectroscopes

Read sections 3.1, 3.3-3.5 and consider the end-of-chapter “Questions for Review” #2,  “Thought Questions” #2,3, 8, and “Test Yourself” question #3 (but this material will be covered in more detail in your lecture later.)

1.  Make your own spectroscope:


To break a beam of light into a spectrum, one separates the wavelengths of light with 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.


To make your spectroscope, you’ll need a diffraction grating (here mounted on 35-mm slides), 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.
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”?


Draw a simple diagram of each of the four spectra.  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.  

     Try also looking at the spectrum of an ordinary fluorescent lamp in the hallway and see if you can figure out what gas is responsible for the light.
3.  Point your spectroscope at the ordinary incandescent lamp.  What does its spectrum look like?  How does it differ, in general character, from the spectra of the light sources in no. 2?
4.  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?
5.  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.  In your report list at least one incandescent lamp and one non-incandescent lamp.
Lab #2A:  The Sky and the “Sky and Planet Locator”
Before coming to lab, read Essay One (pp. 61-69) in your text and think about questions for review 5, 6, 8, and 9, and do “Test Yourself” questions 1 and 5.  

(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.  Some of this material may appear on a quiz.)

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 on 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.  This is discussed in Essay One of your text.  In much less detail, 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 the book) before coming to lab, and I suggest that you try to follow it by drawing diagrams as you read.  Your instructor will try to make this all clearer in lab with a demo especially designed for this purpose.  

     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 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 lines of longitude and 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 not transparent, you can't see this part of the sky, we say, because 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, 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 another and far more 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 this month? 

4.  What constellation is Jupiter in right now?

5.  When 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.)
Lab #2B:  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 is located.  A camera has the additional function of exposing film for specific periods of time.  In this lab, you will use this small telescope to take pictures of the sky.

     In the following instructions, many steps are not as specific as you’d probably like.  This is because all cameras are different, including many of the cameras we use in this lab.  You’ll have to figure out how each instruction applies to your camera.  Take note of what your camera looks like and try to get the same camera in future labs.

Instructions:

Carefully record your film (e.g. Kodak 800 speed), camera, and lens types (including focal length), including make and model. If you have fast film (speed 800 or 1600), some of the exposure times listed below, especially the long ones, will need to be shortened to avoid overexposing the shot due to sky glow. 
A.  Get familiar with your camera.

   1.  There are three adjustments you need to know (for now).


a.  The focus.  The focus adjustment is attached to the lens housing and is the dial that 


turns smoothly.  For astronomy, you’ll always want to focus at infinity.  So, set 


the focus for (, and leave it there.


b.  The f-stop.  This adjustment is also part of the lens housing and is the dial that clicks 


from one setting to another as you move it.  The “f-stop” 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 film.  The focal-length of the lens is 


determined by the shape of the lens and can’t be changed, so the f-stop is really 


just a measure of the size of the opening.  For astronomy, you’ll always want the 


largest aperture, so set the f-stop to the smallest number (on some cameras, for 


example, this is 1.6) and leave it there.  (Photographers use large f-stops to help 


bring into focus objects at different distances.  In astronomy, all the objects are 


essentially at infinity and they tend to be faint, so we want to let in as much light 


as possible.)


c.  Shutter speed.  This is the little dial on top of the camera, with numbers like 15, 


8, 4, 2, and B.  These numbers are really the inverse of the exposure time.  That is 


15 means 1/15 of a second.  B is the setting you use to manually determine the 


exposure time (that is the shutter opens when you press the shutter and it closes 

when you release it).

   2.  Be sure you also know how to open the camera back, how to advance the film, how to 
rewind the film, and how to remove the lens.

B.  Load some moderately fast-speed (ASA 400) film into the camera.  

   1.  Pop the back of the camera and insert the roll of film in the open section, with the film 
winding to the outside of the camera (i.e. so that the rewinder on top will rewind the film 

into the cannister when you are done).

   2.  Pull the end of the film across the back of the camera (still with door open) and insert the 
film into the take-up spool (your camera might have a slot for inserting the film).  
Advance the take-up spool, by clicking the camera and using the film advance lever, until 
you feel confident that the film is securely connected to the take-up spool. 

   3.  With the camera back still open, turn the film rewinder until you feel a little resistance; this 
provides an initial test of whether the film is loaded properly.  The rewinder should not 
pull the film free of the take-up spool.  Close the camera back and advance the film at 
least two exposures.  (While the camera back was open, the film was being exposed to 
light, so the first two exposures are already lost.)  While advancing these two 
exposures, be sure to watch the film rewinder.  This is a crucial test of whether you 
succeeded in loading the film properly.  If the film is loaded right, as you move the film-
advance lever, the film will be pulled which will turn the film rewinder.  If the film 
rewinder did not turn, your film is probably not loaded right.  Open the camera and try 
again.

It is very important to have the film properly loaded, which means the left-hand spool will be completely down so that every time you wind the camera (which spins the right-hand spool), the film advances, pulling the left-hand spool and making it turn. If this doesn’t happen, you may not be taking pictures, or someone may think the camera is empty and open it, ruining the pictures. 

    4.  Record in your notebook the film speed.

C.  Along with your loaded camera, bring a tripod, and a shutter release cable outside.  Set-up the 

tripod (with legs fully extended and locked), mount the camera onto the tripod, and attach a shutter release cable to the camera.

D.  Set the camera to focus on infinity and set the exposure for “B”, which means that the 
shutter will close when you release the shutter...this is the setting used for long times. 

E.  Aim the camera at the North-Pole Star. Using your watch, expose the film for 15 seconds, 2 

minutes, and 5 minutes.  (Be sure to record in your notebook for each exposure the exposure time, object of exposure, sky conditions (clear, hazy, partly cloudy...) and weather (warm, cool, windy,...)

F.  Aim the camera far from the North-Pole star and take pictures with the same exposure times 


as in E.

G.  Using your star and planet locator, if in Fall find the Pleiades (if it is late enough in the term 

or late enough at night) or the Double Cluster (a.k.a. Chi and Eta Persei—your instructor will tell you where that is), if in Spring find the beehive.  A pair of binoculars will help.  Take pictures with exposures of 4 seconds, 8 seconds, and 15 seconds.

H. With the rest of the class, take the equipment back to the classroom, with the instructor’s 


supervision unload the film, label your roll and give it to your instructor.  

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 three 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.  (Fall) What exposure worked best for the picture of the double cluster and of the Milky Way? 

3.  (Spring)  What exposure worked best for the picture of the beehive?
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