Lab #2:  Non-Telescopic Observations of the Sky

Part A:  The Sky and the “Star 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.  These concepts are important for you to understand how observations are done, and so 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 objects seen 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.  

      We must first warn you that most of this discussion can be 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).  As you read through this handout you’ll probably find it helpful 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, appears to us to rotate about a pole running 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.  Extending all lines of latitude then, the declination of any point in the sky equals the latitude of the point on the Earth directly below that point.  For example, if you are observing the sky at a latitude of +400, and you point to a star directly overhead, that star will have a declination of +400.

     The matching of the lines of RA and longitude, though, is not as 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.  Astronomers choose to define the zero-point of RA by using 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 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.  In this class, therefore, you will not be expected to do it either, and so the explanation is not given here.  All that you need to appreciate and know are: 


-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 you need 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, as 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.  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 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 is important for the explanation of the next term.  Another way to define it is that it is the north-south line in the sky that runs through both the zenith and the celestial pole.  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).  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 East to 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 is the meridian.
e) transit (verb) means to pass through the meridian.  So, if you are asked “When does Mars transit?” the question means 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 between April and November.
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 visible area, and the full 360o of the horizon is the edge of the ellipse.  (Note:  a common mistake is to infer that the zenith is at the gold ring...but, note that this is the center of the star chart, not the center of the visible part of the sky.)  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.  Special Markings:  Note the solid line that circles all the way around the chart.  This represents the celestial equator.  The dashed line, which also circles all the way around, but weaves just a bit, is the ecliptic.  This is the path along which you’ll find the Sun and the planets.  Physically, it is the plane of Earth’s orbit, and since all the planets orbit approximately in the same plane, they will never stray very far from the dashed line.  However, you will not see the planets drawn in on the star chart because they move throughout the year.  In the next item below, you’ll learn how to find the planets.  All the dots are stars.  You may note some objects on the chart which are not dots—these are some interesting things to look at with your telescope (in future labs).
4.  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 (the ecliptic). 
Star and Planet Locator Exercises:  Write your answers on the worksheet.

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, nor 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 9 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 Jupiter 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.)
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 detector (either film or a CCD chip) 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 in detail later.  In this lab, you will use a digital single-lens reflex (DSLR) camera to take pictures of stars and constellations.

Instructions:

A.  While in the lighted room get familiar with your camera.  Note the following parts and controls. 
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 (near the on/off button).  When you press this button, the display screen on the back will light up and show the current exposure settings.  This is useful when you need to change a setting.

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.  Of course, for our lab we 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.”  Then 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.  There are, now, three more adjustments you need to know.  (“speed” and “aperture” can be seen in the view finder as well as on the display screen at 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 G.E. R&D center).  Take an exposure of 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 until it says “_ _” (if it says “bulb” then the shooting mode is not set to quick-response remote).  This setting enables you to manually control the exposure time; the shutter will open when you press the button on the remote once and will 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).  Note: the f-numbers possible depend on the zoom, and so when you change the zoom (which you will do), the f-number will change.  If necessary, use the setting that matches the instructions as closely as possible.

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 app.  

D.  When we first get to the park: 

-Set-up the tripod with legs fully extended and locked

-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 of 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 5 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—see attached finder chart), 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.  Take all your equipment back to the classroom, and download your photos onto your flash drive by simultaneously connecting the flash drive and camera to two USB ports on the classroom computer. Drag the folder containing the photos directly to your flashdrive. Later (outside of class time), you will properly rename your photo filenames and upload them to Nexus (one set per student team). 
Part B of Lab Report:

List the date and location that you took the photos.

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 names to each of your photo files 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.’  Fill in these file names in the table on the worksheet.  In your written report refer to the photos by the file name.  Submit your photo files to the lab Nexus page

Answer the following questions on the worksheet:

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 in 1996, 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.  Describe what the double cluster is.  If you were not able to take a photo yourself, find one on the internet and answer the question.

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

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

EXPOSURES TO TAKE:

1.  GE R&D, 1 second

2. North-Pole Star, f / 4, 30 sec 

3.  North-Pole Star, f / 6, 2 min

4.  North-Pole Star, f / 9, 4 min

5.  far from the North-Pole, f / 4, 30 sec

6.  far from the North-Pole, f / 6, 2 min

7.  far from the North-Pole, f / 9, 4 min

8.  the Double Cluster or Pleiades, f / 4, 10 sec

9.  the Double Cluster or Pleiades, f / 4, 20 sec

10.  the Double Cluster or Pleiades, f / 4, 30 sec

11.  Andromeda, f / 4, 15 sec

12.  Andromeda, f / 4, 30 sec

13.  Andromeda, f / 4, 1 min
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Lab #2:  Non-Telescopic Observations of the Sky: Questions

Name: _____________________________________
Observing Date: ____________________

Partner's Name: _____________________________

``I affirm that I have carried out my academic endeavors with full academic honesty.''
____________________________________________________
Part A : The Star and Planet Locator Exercises

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

2.  Name three interesting objects (not stars, planets, constellations, or the Milky Way) on the star chart on your Star&Planet Locator.  What times of the year are they 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?

i)


ii)


iii)

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

4.  What constellation is Jupiter in right now?

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

6.  a) 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)?  

b)  When does this constellation set?  

c)  This constellation is “circumpolar”—what does that mean?

7.  The center of the Milky Way galaxy is located in Sagittarius.  

a) What time of year is the best time for observing the Galactic center?  

b) For how many hours is the Galactic center visible in one night?  
Part B: Observations with the Single-Lens Reflex Camera

Questions:

1.  a)  Why do the stars in the pictures look like streaks.  


b)  How do the lengths of the streaks relate to the exposure times of the photos?  


c)  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.  


d)  How do the shapes of the streaks compare in the different regions of the sky?  Explain.  


e)  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 in 1996, 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 Andromeda galaxy? 

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

Photo Log

Date:






Location:

Camera Model:




Lens Model:

ISO setting:
Exposures: Be sure to submit the files of photos to your instructor through Moodle.

​Target


Exposure No.
  Exposure Time (sec)
    f-number

File name


_____________________________________________________________________________
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_____________________________________________________________________________
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