LABORATORY 2:    PARALLAXES AND STELLAR DISTANCES
REQUIRED MATERIALS:  You will need to bring THIS HANDOUT, STANDARD GRAPH PAPER, CALCULATOR, AND AT LEAST 2 COLORS OF PENCILS OR PENS.

ANSWER ALL PRE-LAB WARMUPS BEFORE COMING TO LAB.  You will begin lab with a short quiz on these questions.
In this lab, you will use the method of parallax to measure the distance to an object in the classroom.  Using this new concept, along with brightness information about the stars, you will use an Internet database to determine the distances and absolute magnitudes of some nearby stars.  

What is Parallax?
One of the most accurate methods astronomers have of measuring the distances to objects in the sky is a method known as parallax.  Parallax is the most direct way astronomers have of measuring the distances to stars, but observational limitations restrict this method to only the nearest stars.  We will apply this method to an object found in our own solar system.

[image: image1.wmf][image: image48.bmp]
The parallax of an object is its apparent shift in position when it is viewed from two different vantage points.  It is common used on Earth to measure distances to great to be practical for a measuring device.  For example, if you view a tree from two vantage points on the opposite shore of a river.  If you carefully measure the distance between the two vantage points, called the baseline B, and the angle between the two lines of sight to the tree, called the parallax angle , then the distance may be calculated using trigonometry.  

The trigonometric equation that applies to this situation is the tangent:
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We can solve the previous equation for D, the distance to the tree:
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In general, if you can measure the parallax angle, , and the baseline, B, then you can determine the distance using the equation above.

Luckily, the angles we are dealing with are small.  This allows us to get rid of the trigonometric functions all together.  To do this we use something called the small angle approximation.

For small angles: 
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However, if we want to use the equation, we need to make sure our angle is in units of radians.  We can take care of this by making a small adjustment to our equation:
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Where D is the distance to the object, B is the size of the baseline, and  is the angle of parallax measured in degrees.  This will be the equation you will use to calculate distances in this lab.

PRE-LAB WARMUP QUESTION:  Is the parallax angle-distance relationship a direct relationship or an inverse relationship (recall last week’s lab)?  Explain.

DETERMINING THE DISTANCE TO A NEARBY OBJECT USING PARALLAX:
Before you can determine a parallax, you need some way of measuring angles.  Fortunately you carry one with you all the time:  Your hand.  Measuring angles is key to successfully applying parallax, so we will do a quick exercise to familiarize ourselves with the concept.
1. On the back wall of the classroom are two dots drawn on the wall.  Use a meter stick to measure the distance between those two dots.  Record your measurement in the table below (this is the true size of the object).

2. Holding your hand in a fist at arms-length and sighting down your arm with one eye, walk away from the wall until the two dots appear to be just outside the edges of your fist.  Use the meter sticks to measure your distance from the wall (your lab partners can do this).  Record this distance in the table below (this is the distance to the object).

3. Starting from close to the wall, repeat step 2 two more times and fill in the table.

TABLE 1: Measuring the Angular Size of Your Fist

	Trial
	True Size of Object (cm)
	Distance to Object (cm)
	Angular Size of Fist (degrees)

	1
	
	
	

	2
	
	
	

	3
	
	
	


4. Now we want to make use of this information.  Use the diagram below (along with your knowledge of trigonometry) to write down an equation that relates the angular size, the distance to the object, and the true size of the object:
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To help you get started on your equation, we’ll do the trigonometry for you:
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Now use the small angle approximation:  
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 to derive your new equation:

5. Use your equation to calculate the angular size of your fist (which is also the angular size of the object).  Fill in the remaining column of the table.  You may use this space to show your work.
6. Calculate the average value of the angular size of your fist and write it below.

Now that you have calibrated your fist as an angle-measuring device, you will apply it to parallax.  At the end of the hallways on the 2nd and 3rd floors of Farrington are windows.  Your lab instructor will place a piece of tape or other thin object in the window.  Consider that your “object.”  Now, walk about 5 – 10 normal-sized paces from the window.  Close one eye, and situate yourself at a point where the object in the window just appears to line up with a distant tree or pole, or some other object far outside the window.  Have your lab partner mark the position of your left foot.  Depending on whether you are more to the right or left side of the hall, step 2 feet to one side.  Your lab partner can help you measure exactly so that your left foot is now two feet to the left or the right of the point it was before.  BE SURE YOU CAN STILL SEE THE DISTANT TREE OR POLE OR OTHER OBJECT THROUGH THE WINDOW FROM YOUR NEW POSITION.  You might need to do a couple of trials before you are successful at lining up on an object that doesn’t move out of your field of view.


With your newly calibrated hand, approximate the apparent angular distance between the object in the window and the tree or pole.  Try to estimate this to the nearest half degree.  Because you began with the object in the window and the distant object lined up (i.e. there was an angular distance of zero in the first position), the angular distance as seen from the second position is the parallax shift.  Insert the baseline (ideally 2 feet) and parallax data in the appropriate columns in Table 3.

Table 2:  Computing the Distance to a Window Using Parallax
	Trial #
	Baseline
	Parallax Shift
	Computed Distance to Window
	Measured Distance to Window

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	



Now you are in a position to compute the distance to the window using the formula above.  You have the parallax and the baseline, so you need only solve for the distance to the latch.  Place your results in column 4.  Since you haven’t been determining large distances here, you can simply measure the distance to the window as a check (be sure to allow for the width of the window ledge).  Fill in column 5 with the measured distances.  
QUESTION:  What is the average computed distance to the window?

Be sure to indicate the proper UNITS (in other words whether you used feet, inches, meters, or furlongs).  Because you know the actual distance from direct measurement, you can compute the percent error in your computations with the following formula:

% error = [(Your value – actual value) ( actual value] x 100.
Write your percent error here:


% error = ____________________________

QUESTION:  Is your computed distance from parallax within 15% of the actual distance from direct measurement?  If not, give possible reasons for the discrepancy.

Parallax in Astronomy

In astronomy, a commonly used baseline is the diameter of Earth’s orbit around the Sun. The parallax we measure is due to the shift in vantage point as Earth moves around the Sun.  If we view a nearby star from opposite sides of Earth’s orbit, and measure its position against a background of distant stars, we will see that it appears to move.  For example, its equatorial coordinates measured in June, when Earth is at one side of the Sun, will be different from its position in January when Earth is at the other side of the Sun. 







Notice that he further the object, the smaller the parallax (the parallax angle of the near object is larger than the parallax angle of the far object).  Even the nearest stars have virtually undetectable parallax shifts, so they are not measured in degrees.  Each degree is split into 60 “minutes of arc” and each arcminute is split into 60 “seconds of arc.”  Thus in a degree, there are 3600 arcseconds.  The largest stellar parallax is less than a second of an arc, which is very hard to see and hard to measure.  However, astronomers have been able to measure the parallaxes of over a hundred thousand stars using sophisticated techniques and a special satellite called Hipparcos, whose data we will be using later.
PRE-LAB WARMUP QUESTION:  If Martians were determining parallaxes to the same stars, would they find the parallaxes to be larger, smaller or the same as we find them to be?  Explain.
To simplify matters somewhat, astronomers have created a unit of distance so that parallax measurements would have instant meaning [Note:  Astronomers are, by and large, a lazy bunch, so when we can simplify an equation or concept, we will].  The PARSEC is the distance to an object whose parallax would be exactly one arcsecond.  If angles are measured in arcseconds, the following much simpler equation holds: 

D = 1/p

Here the distance solved for is in the units of parsecs (pc).  A parsec turns out to be 3.26 light years.

PRE-LAB WARMUP QUESTION:  What would the distance be to a star whose parallax is 0.1 arcseconds?

ASTRONOMICAL DISTANCE DETERMINATIONS:
Using a technique similar to that you just used, astronomers have recorded parallaxes for over 100,000 of our nearest stellar neighbors using a satellite known as Hipparcos.  These parallaxes are recorded in MILLI-arcseconds, or thousandths of arcseconds.  
The Hipparcos parallaxes are now stored in a number of extensive databases.  One of the more user-friendly astronomical databases is called SIMBAD and can be found at:
http://simbad.u-strasbg.fr/sim-fid.pl
If you know the name (or, rather, the ID number) of a star, you can find out a wealth of information, including the parallax.  

We will now construct a table for several stars using the information on this database.  There are several numbers that you should record, although some will not be used until later labs.  
The stars we will look at have been pre-selected for you from the Henry Draper catalog, a catalog of some 220,000 stars that were classified according to their spectra (a concept we will explore later) in the early 20th Century by Annie Jump Cannon.  All the stars in this catalog have a prefix HD to their names, followed by a string of numbers.  Other catalogs of stars have other prefixes, but there is quite a bit of overlap among the catalogs.  The star Vega – a bright, naked-eye star – is also known as HD 172167, HIP 91262 (from the Hipparcos Catalog), LTT 15486 (from the Luyten Two-Tenths Catalog) and about 3 dozen other names.   You should know, however, that you cannot BUY one of these stars and have it named after you or your significant other or a dead relative.  Unscrupulous entrepreneurs have taken advantage of people who believe that the astronomical community will recognize a personal name for a star.  So people innocently “buy” stars and have an official “catalog” sent to them with their name (or loved one’s name) next to some star’s information.  All for the low, low price of $59.99.   Astronomers abhor such practices, and you should never be tricked into such a thing.  Occasionally, though, planetariums or other organizations will allow you to “adopt” a star, strictly for fundraising purposes.  They will tell you up front that the only recognition you’ll get is within their organization, perhaps in a book in their front lobby.  But I digress…

Once you get to the SIMBAD website, it should look like the following.  If you wish to find out about the star HD 14802, you merely need to type “HD 14802” under the heading “Enter an Identifier…”  (see arrow).  Then you simply click on the “Submit” button and SIMBAD will return a huge amount of information on the star.
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	1. Enter an identifier, coordinates or a reference code: 
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HD 14802


	Examples:
sirius, M 31, 12 30 45 +10 20, 1996A&A.305.33K
How to write an identifier can be found in the dictionary of nomenclature.
UAI format can also be used (Ex: uai 1230+08 Object-type)

	
	
	
	

	
	
	
	

	a. For identifiers
you can choose to query : 
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	b. For coordinate and around object queries, define a radius : 
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	c. For coordinate queries, define the input system :
	epoch : 
	equinox : 
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	SIMBAD Query Result
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The page that is returned after you have clicked “Submit” shows the following  information:

	Object query : 
	simbad search HD 14802 

	
	




	Available data:
	Basic data
	Identifiers
	Plot & image tools
	Bibliography
	Measurements
	External archives
	Notes




	Basic data : HD 14802 -- High proper-motion Star 
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[image: image21.wmf]

html



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image22.wmf]

02 22 32.55 -23 4



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image23.wmf]

FK5



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image24.wmf]

2000.0



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image25.wmf]

2000.0



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image26.wmf]

arcmin



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image27.wmf]



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image28.wmf]

o.catall,



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image29.wmf]

N



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image30.wmf]

FK5



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image31.wmf]

2000.0



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image32.wmf]

2000.0



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image33.wmf]

FK4



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image34.wmf]

1950.0



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image35.wmf]

1950.0



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image36.wmf]

G



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image37.wmf]

2000.0



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image38.wmf]

2000.0



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image39.wmf]

FK5



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image40.wmf]

2000.0



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image41.wmf]

2000.0



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image42.wmf]

1983



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image43.wmf]

2005

[image: image44.wmf]Query around

with radius [image: image45.wmf]

10

arc min.
Bottom of Form


	ICRS 2000.0 coordinates
	02 22 32.5468 -23 48 58.774 [6.90 4.31 75] A 1997A&A...323L..49P

	FK5 2000.0/2000.0 coordinates
	02 22 32.55 -23 48 58.8 [6.90 4.31 75]

	FK4 1950.0/1950.0 coordinates
	02 20 15.23 -24 02 36.2 [40.09 24.39 74]

	Galactic coordinates
	208.85 -69.20

	Proper motion (mas/yr) [error ellipse]
	197.34 -4.39 [ .79 .48 74] A 1997A&A...323L..49P

	B magn, V magn, Peculiarities
	5.80, 5.19
	

	Spectral type
	G2V
	

	Radial velocity (v:Km/s) or Redshift (z)
	v +18.4 [ 2] B 1953GCRV..C......0W
	

	Parallaxes (mas)
	45.60 [.82] A 1997A&A...323L..49P
	


YOU WILL NEED TO RECORD THE FOLLOWING DATA FROM THIS PAGE IN TABLE 3:  B magnitude, V magnitude, Spectral Type, and parallax.   WE WILL RETURN TO THE B, V, and Spectral Type in subsequent activities.
Note that the parallax is reported in milliarcseconds, so you must divide this number by 1000 to get the parallax in arcseconds.  Then you must make use of the equation d = 1/p to find the distance in parsecs.  Now subtract the V magnitude from the B magnitude and enter that in the second to last column.  Ignore the last column for now.  We will return to it in the next laboratory activity.  

See the full sample entry for HD 14802 in the table below:
TABLE 3:  Basic Astronomical Data for Selected Stars
	STAR (HD)
	B
	V
	Spectral Type
	P(mas)
	p(arcseconds)
	d(pc)
	B-V


	Mv

	14802
	5.80
	5.19
	G2V
	45.60
	0.0456
	21.93
	+0.61
	

	209952
	
	
	
	
	
	
	
	

	87901
	
	
	
	
	
	
	
	

	19356
	
	
	
	
	
	
	
	

	95418
	
	
	
	
	
	
	
	

	16970
	
	
	
	
	
	
	
	

	116842
	
	
	
	
	
	
	
	

	2262
	
	
	
	
	
	
	
	

	50635
	
	
	
	
	
	
	
	

	27710
	
	
	
	
	
	
	
	

	206826
	
	
	
	
	
	
	
	

	100203
	
	
	
	
	
	
	
	

	202275
	
	
	
	
	
	
	
	

	693
	
	
	
	
	
	
	
	

	39091
	
	
	
	
	
	
	
	

	224930
	
	
	
	
	
	
	
	

	43834
	
	
	
	
	
	
	
	

	224619
	
	
	
	
	
	
	
	

	220140
	
	
	
	
	
	
	
	

	100623
	
	
	
	
	
	
	
	

	184860
	
	
	
	
	
	
	
	

	13959
	
	
	
	
	
	
	
	

	4967
	
	
	
	
	
	
	
	

	120467
	
	
	
	
	
	
	
	


QUESTION:  Of the stars on the list, which has the largest parallax?  
QUESTION:  If we sent a radio transmission to a planet around this star, approximately how long would it take to get there? (radio transmissions travel at the speed of light)

QUESTION:  The V magnitude that you recorded is the ‘visual magnitude’ of the star.  As you found out in lab 1, humans can see stars as faint as 6th magnitude.  How many stars on this list are visible to the naked eye?
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