29:50 Astronomy Lab

Stars, Galaxies, and the Universe

Fall 2007

Measuring the Sky

Name:………………………………………………………..

            Date:.....................................
The point of this lab is to get you outside, looking at and thinking about the sky.  You will also become acquainted with angular measure,  and the horizon system for specifying the coordinates of an astronomical object.  
This week’s project will have three parts. 

1. We will go on the roof of Van Allen Hall and become acquainted with the Horizon System for describing the positions of astronomical objects, and use instruments called theodolites.  We will measure the azimuth and altitude angles of  landmarks around Iowa City.  We will also measure the altitude and azimuth angles of the Sun, and see how they change during the lab period. 

2. We will make a simple scientific device with which you can measure the angular distance between two astronomical objects, such as a bright star and the Moon or a planet. 

3. In coming weeks you will use these theodolites to determine distances via parallax measurement, observe the changing position of sunset, and make other basic astronomical measurements.

Measurements with the Theodolites

The theodolites are mounted on the south railing of the roof of Van Allen Hall.  A schematic illustration of one is shown in the figure below.  

[image: image1.wmf]
Sight through the tube at the object you are measuring.  The sighting tube will move in both azimuth angle (horizontal scale) and altitude angle (vertical scale).  

Start out by familiarizing yourself with the instrument.  When pointing the tube at the horizon, due south, you should measure an azimuth angle of 180 degrees, and an altitude angle of 0 degrees.  

Move the sighting tube to the east.  You should see the azimuth angle change to an angle less than 180 degrees.  Point the sighting tube higher up in the sky.  You should measure an altitude angle greater than 0 degrees.  

Note that the scale is graded to ½ degree.  Try and estimate your angles to about 0.2 or 0.3 degrees, realizing that this is also the level of the uncertainty in your measurement.  

(1) Measuring the Landscape  
The teaching assistant will point out to you two objects on the distant horizon, City High School and a tree beyond the airport, and one closer object, which is the northwest corner of the Jefferson Building of the University of Iowa.  Measure the azimuth and altitude angle of all three objects, and record them here. Do it!
	Object
	Azimuth
	Altitude

	City High School
	
	

	“The Tree”
	
	

	Jefferson Building
	
	


     (2) Measuring the Sun

Now use the theodolite to measure the azimuth and altitude of the Sun.  Do not, under any circumstances, look directly through the tube at the Sun.  Instead, follow the directions given here.  

Point the sighting tube in the general direction of the Sun, and observe its shadow projected on your notebook, or any other flat, white surface.  When you are pointing directly at the Sun, the shadow of the sighting tube will be perfectly round and have the smallest possible area.  If you have pointed particularly accurately, you will see a small bright spot (the image of the Sun) in the  middle of the shadow.  You will need to try this a few time before you get an accurate pointing.  When you have the tube pointed accurately at the Sun, read the azimuth and altitude scales, and note your data in the table below.  

Solar Position Measurements

	Time (CDT)
	Azimuth
	Altitude

	
	
	

	
	
	

	
	
	


Make one measurement now, then return to the lab room for part (3).  After you have made your string, come back to the roof and make another measurement of the azimuth and altitude of the Sun.  When you have two measurements of the azimuth and altitude of the Sun, you can carry out the calculation in part (4).  

(3) String for Angular Distance Measurements
You will be given lengths of string.  If you go to room 665, there is a mark on the outer wall which indicates 8 degrees.  If you stand on the far side of the room (inner wall), this mark subtends 8 degrees.  Hold your string at arms length and hold your fingers at the points corresponding to the tips of the mark.  Either make knots here or put beads on the string at these two points.  Put another knot halfway between.  You now have knots or beads at intervals of 4 degrees.  Divide these to provide knots at 2 degree intervals.  Finally, copy this whole sequence over, so you have  the string capable of measuring a total angle of  24 – 30 degrees.  Make a notation in your notebook to the effect that you have made this string, and say what the resolution and total angular span is.  

You can now test this string out on the sky, and make sure it is giving you the right answer.   Use it to measure the angular distance between “The Tree” and the Jefferson Building, and compare your result with that from the measurements with the theodolite above.  For the case of the theodolite, the angular distance is given by 

DIF = (DAZ2  + DAL2 )1/2

Where DAZ is the difference between the azimuth angles of the tree and the Jefferson building, and DAL is the difference in the altitude angles.  Do your calculation on the blank side of the previous page, and record your result  below.  Be sure and show your work.  

Theodolite Value……………………String Value………………………

Later in the semester, we will use the string to measure angular distances between stars,  and between stars and planets.  

(4) Calculating the Time of Sunrise or Sunset

With the data from part (2), you can make a rough estimate of the time of sunrise or sunset, depending on whether your lab period is in the morning or afternoon.  Use the time and altitude angle of the first measurement, plus the rate of change of the altitude angle, to calculate the time at which the altitude angle is zero.  (Your value depends on the assumption that there is a linear relationship between the time and the altitude angle, which is not correct.  However, it is an approximation).  Do your calculation on the blank side of the previous page.  Write down your estimate below.  

Estimated time of sunrise or sunset:……………………………..

Now check the correct time of sunrise (if you have a morning lab) or sunset (in the case of an afternoon lab).  There are many places where this information is available, one of which is the Weather Channel  website at 

http://www.weather.com   

Pick Iowa City as your location.  Write down the true time of sunrise or sunset, and notice the magnitude of the difference.  

True time of sunrise or sunset…………………………………

(5) Measuring the azimuth of sunset through the semester

This last part of the project is to be done during the next two months of the semester.  You should go to the roof of Van Allen Hall around the time of sunset.  During select periods, there will be a teaching assistant who will open the roof and sign the form below.  The first period will be Tuesday, September 4 until Thursday, September 13.  The roof will be open from 7PM until 8PM.  The second period will be Tuesday, September 25 to  Thursday, October 4, and the third period will be Tuesday, October 16 until Thursday, October 25.  The times when the roof will be open for the latter 2 periods will be announced in class and in the lab at a later date.  

Turn this sheet in to your teaching assistant when you have completed your observations.

	Date
	Time of Sunset
	Azimuth of Sunset
	TA Signature

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Signature of Student………………………………………………………

What do you conclude from these observations?  Say something!
