Exercise No. 6PRIVATE 


BUILDING AN ASTROWHEEL (modified version for Spring 2010)
INTRODUCTION:


In the earlier lab exercises, you learned how to determine the appearance of the sky above any location on the Earth, as long as you have access to a celestial globe and remember the sidereal time formula. While the procedure is not particularly difficult, it is not particularly convenient either since celestial globes are neither compact nor inexpensive. However, a more convenient (albeit less general) device can be constructed which will do many of the things a globe can do, at least for one latitude value. Such a device, called the Astrowheel, will be constructed in this exercise.

PROCEDURE:

a) The Polar Star Wheel (PSW)

Your instructor will provide a polar projection map (polar star wheel) of the equatorial coordinate system. This map shows the more prominent stars and constellations. The center of this map is the North celestial pole (NCP) and is very close to the star Polaris, which is at the end of the handle of the constellation URSA MINOR (also known as the Little Bear or the Little Dipper). At the center of the wheel, the declination is exactly +90( (there is no RA associated with this point). The "off-center" circle on the wheel is the ecliptic (the path of the Sun and planets).


Your instructor will provide star charts SC‑001 and SC‑002, and colored pencils and compasses (the kind that makes circles, not the North/South/East/West kind). Not all the constellations shown on SC-001 and SC-002 are shown on the PSW.


Recall that right ascension (RA) and declination (dec) are analogous to longitude and latitude on a globe. Your first task is to label the PSW with lines representing the hours of RA. 

Instructions:

1. Refer to the SC-002 chart. There you will see that the outermost part of the circle is labeled with dates and times (for example, at the top you will find ‘0h November 20’ and on the bottom ‘12h May 22’). Using a ruler and red pencil, draw a line connecting these dates on the PSW. DO NOT LABEL these lines with the RA: the dates on the PSW do not correspond to the dates on the star chart! (Don’t ask, it’s a long and not very interesting story.)

2. Repeat step 1 for all 12 pairs of RA’s (0 and 12, 1 and 13, 2 and 14, etc). It should look like spokes of a bicycle wheel. 

3. Now we can assign the correct RA for each ‘spoke.’ The star Regulus (constellation LEO) has an RA of very close to 10, and the star Fomalhaut (at -30o dec) has an RA of about 23. Label these two spokes and then fill in the other RA’s (from 0 to 23) such that they are in numerical order. Hint: The numbers increase in the clockwise direction. 

4. If you took care to be very precise, all your red lines should cross in the center. This is where you should put the pointy end of the compass (dec +90o). You might notice that this is near the star Polaris. If these lines do not all cross at the same point, see the instructor.

5. Refer to the star charts SC-001 and SC-002 to find stars that are as close as possible to declinations of exactly +60o, +30o, 0o , and -30o. (Because star chart SC-001 is a polar projection, the declinations are circles.  Chart SC-002 is equatorial, like a normal map, so the dec is shown as horizontal lines.) 

6. Using the compass and blue pencil, draw in the blue circles representing declinations of +60o, +30o, 0o , and -30o. 

7. When the labelling is complete, cut out the star wheel.  Be sure that you keep your RA labels attached to the wheel. 


This completes the Polar Star Wheel.

b) The Horizon Mask

In order to figure out which constellations are in the night sky on any date at any time, you need to ‘mask’ off those portions of the PSW that are below the horizon for that date and time. The idea is to cut a hole in a piece of paper so that when it is placed properly over the PSW, the edge of the hole represents the horizon and the visible portion of the PSW is the sky. The instructor will provide the mask and you will have to cut it out very carefully.


First cut out the inside of the oval (carefully) to form the mask. You will just throw away that oval part so stabbing the scissors through the center works well. Next, cut off the top part of the mask, starting at the 8am mark and cut clockwise until you get to the 4pm mark. (Or start at 4pm and cut counterclockwise until you get to 8am. Same result either way. Check with the instructor if you’re not sure whether you’re doing it right.)


Note that North South East West are marked but are not evenly spaced around the edge of the mask. This is part of the distortion problem produced by projecting the spherical sky onto a flat surface. You might also notice that the west is on the right and the east is on the left, the opposite of what a map of the Earth would be. It’s not a typo. Think about why this is. 

1
c) Assembling the Astrowheel

Place the horizon mask on a sheet of blank cardstock and staple them together at the bottom only. Using a ruler, draw lines on the cardboard inside the hole in the horizon mask that connect the 6am and 6pm marks on the mask, and then repeat for the 12 midnight and 12 noon positions. You may notice that the 12 noon does not have a mark – it overlaps the middle of the “N” in SOUTHERN. 


Next, stick a thumbtack through the point where the lines on the cardstock intersect. Remove the thumbtack. Complete the Astrowheel by putting the thumbtack through the back of the horizon mask (through the hole you just made) and attach the PSW such that the tack goes through the hole you made with compass point at the NCP. Secure the whole thing by placing a cork over the tack. 

OPERATION:


To figure out what is in the sky for any date at any time, just line up the date and time on the wheel. Could not be easier! The operation of the Astrowheel depends on the fact that only three things can be varied ‑ the appearance of the sky overhead, the date, and the time of day. If any two are given, you can figure out the third variable. 


More detailed instructions follow. 

a) The Visible Sky

Suppose you are given the date and time and wish to know the appearance of the sky at that time. First convert the local Standard time to 24-hour time, e.g., 9:30 pm = 21½ hours. Rotate the PSW until the RA "spoke" equal to that time is lined up with the desired date at the edge of the horizon mask. Hold the Astrowheel so that the direction you are facing is lowermost, e.g., if you are looking Eastward, turn the Astrowheel so that the 'E' on the horizon mask is at the bottom. What shows in the oval is what is visible in the sky at that time. Objects near the edge of the oval are near the horizon; objects in the middle of the oval are roughly straight overhead.

b) Rising and Setting Times

Now suppose you are given the date and what the sky looks like (e.g., you want a particular star to be exactly on the Eastern or Western horizon) and you want to find the time of day when that occurs.


For the rising time, mark the position of the desired object on the PSW (if it is not already marked) and rotate the PSW until that spot just touches the Eastern edge of the oval (as objects rise in the East and set in the West). In general, the object will NOT hit the edge exactly at the 'E' mark ‑ just have it touch the eastern side of the edge of the oval, i.e., somewhere on the left side of the oval between the Sept. 21 and Mar. 23 dates. The rising time is given (in 24-hour notation for local STANDARD time) by whatever RA hour‑circle aligns with the date desired.


For example, place the star Vega in the constellation LYRA on the eastern edge (it will touch near the 'May 7' mark on the mask). If October 22 was the date of interest, then the sky will appear this way (so that Vega will just be rising), at 8:00 am. Vega will rise at different times of the day on different dates, e.g., at about 4:30 pm on June 15.


Setting times for particular dates are obtained in a similar fashion by placing the desired object on the Western half of the oval edge.

c) Dates of Observation

In this example, you know the appearance of the sky and the time of day when it appeared so and wish to know the approximate date. Rotate the PSW until the sky is as desired. Convert the local Standard time to 24-hour time and find the RA hour‑circle equal to that time. Whatever date on the horizon mask aligns with that RA hour‑circle is the date of interest, i.e., when the sky had the desired appearance at the desired time.

QUESTIONS:  Using the rules of operation for the Astrowheel, answer the following questions.  
 1. What are the rising and setting times TODAY (specify the date used) for the following stars?



a) Spica   (RA = 13h23m , Dec = ‑11()



b) Deneb   (RA = 20h40m , Dec = +45()



c) Thuban  (RA = 14h00m , Dec = +65()

2. From San Jose at 2:00 am you see Leo in the Southwest. What is the approximate date?

 3. From San Jose in the middle of summer you see Orion on the Eastern horizon. What time is it?

 4. There is a famous star cluster (M13) located in the constellation Hercules at RA = 16h40m and Dec = +36(. During what month is this object directly overhead at 11:00 pm as seen from San Jose? 

 5. Look up the equatorial coordinates of the planets using the ephemeris in the UFO lab on the computers in the back of the room. Which planets are "visible" tonight at 8pm? Where must you look, roughly, to see the "visible" ones at that time?

6. Sketch the appropriate appearance of the Big Dipper (Ursa Major) as seen by an observer in San Jose who is facing due North on the horizon at 10:00 pm tonight (specify the date).
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7. At the right is a sketch of the appearance of the Big Dipper (Ursa Major) as seen by an observer facing North at midnight. What is the date?

