              OBJECT X PART I MEASURING THE COSMOS (Rev 8/6/15)
Log On. Go to COSAM Software> Physics> Astronomy>VIREO. This exercise allows you to “operate” three optical telescopes like those on Kitt Peak and a radio telescope.

In this lab you will:

A) Determine the spectral class and temperature of a star.

B) Determine the distance to a star.

C) Determine the period of a pulsar.

     D) Determine redshift of a quasar 
The procedure is outlined on the attached pages. You may need to refer to an astronomy text or the Internet.

TO START

1. Click on VIREO icon to start program.
2. In file menu select login. Make up number for table #.
3. In file menu select run exercise. Chose quest for object x. 
4. Enter object id # in box for star. See list of id #s on general instruction page.
5. Complete general instructions page for star listed in table.
                        GENERAL INSTRUCTIONS FOR OPERATION OF TELESCOPES     
1. Select telescope as directed below for object you are working on. Start with star listed below.
2. For the optical scopes open the dome.
3. Turn on the telescope control panel (optical or radio).
4. Turn on tracking. For optical scopes increase slew rate to 16.
5. From this point follow specific instructions for the type of object you are observing and telescope you are using.
TYPE OF OBJECT    ID#     SCOPE TO USE            RA                         DEC______

STAR                             6            0.4m (16 in)          12h  18m 49.7s        14deg  47m 50s

PULSAR                      16            RADIO                 19h 21m 45.80s       21deg  53m  0.02s 

QUASAR                     11            4m (158 in)           12h 29m 6.70s         2 deg   3m 8.0s


Object X                       9                
                   INSTRUCTIONS FOR STAR

SETUP 

1. When you have set up telescope using general instructions go to slew menu. Under slew menu select set coordinates.
2. Enter coordinates for star and click ok to start scope moving to star.
3. When the scope reaches the star, switch view from finder to telescope. Verify that the coordinates are correct.
     MAKE MEASUREMENTS

1. Select photometer under instruments. Click on access. You need to measure the brightness of the star using V filter. First you will need to move the red circle off the star to an empty part of the sky nearby. Under Reading select sky. Measure sky brightness. Record mean counts on worksheet. 
2. Move the red circle back to the star. Under Reading select object. Measure brightness. Record v magnitude on worksheet.
3. Repeat steps 1 & 2 with B filter. 
4. Close the photometer.
5. Compute B magnitude minus V magnitude. Find the closest value of B-V in table 4 of this internet source: http://cosmos.phy.tufts.edu/~zirbel/laboratories/photo1.pdf
6. Record spectral class for this B-V value on worksheet.
7. Record the temperature of the star based on its B-V spectral class.
8. Use table 4 to find out the absolute magnitude (M) that goes with your B-V spectral class estimate. Calculate the distance in parsecs by using the equations log D = (m-M+5)/5 and D = 10logD. Use your v magnitude for m.
9. You have completed analysis of this object. Close telescope windows and switch to next object.
        INSTRUCTIONS FOR PULSAR

1. When you have set up the radio telescope using general instructions go to slew>set coordinates
2. Enter coordinates and click ok.
3. When radio telescope reaches object set receiver (step 4-6)
4. Set horz secs to 2.
5. Adjust freq for 700.
6. Adjust vert gain to 4.
7. On receiver control panel press mode to start.
8. Turn on and off using mode until you have two peaks on scale. 
9. Click first peak and record time. Click second peak and record time. The period is the difference of the times. Record period.
10. Repeat using freqs of 600 and 500 and compute average period. Record. The “book” value is 1.337 sec. if you are not close check for error.
      12. You have finished analysis of this object. Turn off receiver and close telescope.
  INSTRUCTIONS FOR QUASAR

1. Once you have set up telescope using general instructions go to slew menu. Under slew menu select set coordinates.
2. Enter coordinates of quasar and click ok to start scope moving to quasar.
3. When the scope reaches the quasar switch view from finder to telescope.
4. Select spectrometer under instruments. The parallel red lines should be on top of the quasar. If not use n,e,w,s buttons to center.
5. Access the spectrometer control panel.
6. Start the spectrometer. Run until signal/noise is > 100. 
7. The lines in this spectrum have been redshifted due to expansion of the universe. Save your spectra (on data menu). Remember name saved under. Go to window that has tools in menu. Go to tools and select spectrum measuring tool. In the window that comes up go to file >data>load to load your saved spectrum. Click on the 3 largest peaks between 3900A & 4500A to get wavelength. Record on worksheet to nearest Angstrom.
8. Compute z = change in wavelength / rest wavelength. The rest wavelengths are given below.  Your z value should be close to 0.158 for each line.
9. Calculate an average z value. Get the approximate speed from z ~ v/c where c is speed of light in km/sec. Using 72 for the Hubble constant value, estimate the distance to the quasar using v=HD.
10. You have completed analysis of this object. Close telescope control and spectrum measuring windows. Complete filling out worksheet.
      REST WAVELENGTHS

       NeonV      3425.87

       Oxygen II  3726.67

       NeonIII     3868.75

The Roman numerals refer to ionization state. I = neutral   II = 1 electron lost   III =   2 electrons lost
