           OBJECT X PART II: IDENTIFYING OBJECT X (Rev 7/9/15) 
Log on. This is a CLEA lab. Find the program in COSAM Software > Physics >Astronomy > VIREO.

This experiment allows you to simulate operation of optical telescopes like those on Kitt Peak and a radio telescope.

In this lab you will identify Object X based on your data and answers to certain questions.
The Object X procedure is outlined on the attached pages. The complete student manual is stored on your computer in the CLEA folder. You may need to refer to the student manual for details, tables and formulae. You may need to refer to an astronomy text.

TO START

1. Click on icon labelled Vireo. 
2. In file menu select login. Make up number for table #.
3. In file menu select run exercise called “Quest for Object X”.
4. Enter object id # in box for Object X. See list of id #s in table below.
5. Complete general instructions for Object X.
              General Instructions For Operation Of Telescopes                       

1. Select telescope as directed below for Object X.

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______

OBJECT X         9             0.9m(36 in) *          12h  28m 10.96s       44deg  5m  33.4s

Examples
Absorption         10            0 .4m (16 in)            12h 28m 45.87s         44deg  12m 40.7s

Strong Radio       1             RADIO                    3h 32m 59.35s           54deg   34m 43.2s 

Emission             2            4m (158 in)               3h 55m 9.9s              -39deg  10m 27s

* listed as 1m in telescope menu 

           Specific Optical Telescope Instructions For Object X
1. Under slew menu select set coordinates.
2. Enter coordinates of Object X and click ok to start scope moving to object x.
3. When the scope reaches Object X switch view from finder to telescope. If the view does not change,double click on Telescope
4. The parallel red lines should be centered on the object. 
5. What is the appearance of the object: starlike (white dot) or extended image? 
6. Select spectrometer under instruments. Access the spectrometer control panel. Go to file> preference>spectral range. Change range to 4000-7000. Start the spectrometer. Run until signal/noise is > 100.
7. Save your spectra. 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. To see example spectra read added note below. Click on the peaks in Object X spectrum to measure the wavelengths of the 6 highest emission line peaks. Match your wavelengths with those below. Which chemical elements are producing these emission lines? 
       8. The spectra of objects in the Hubble redshift lab show a large 
           redshift with the smallest being ~ 80 angstroms. Compare your 
           measured emission line wavelengths for Object X with the list 
           provided of laboratory wavelengths. Is there a large redshift or   
           is it small (possibly even zero)?

  9. Reset the spectrum range to 3600-4700 (see step 6) and take a new      

      spectrum. Save and measure as in step 6. Use the tables below to identify the chemical 
      element producing the very strong emission line on the left side of the spectrum. 
        10. The objects looked at in the Hubble redshift lab have strong 
              absorption lines which astronomers call H & K. Use a textbook or 
              the Internet to determine which chemical causes the H & K lines.  
              Does the spectrum of Object X show strong absorption lines in 

              this part of the spectrum or do you see weak or no absorption 
              lines? For example  of absorption spectra look at specrum of object 10. 
11. Close the optical telescope and start the radio telescope. Radio telescope instructions are on separate page. 
                                        Table I Visual Part of Spectrum
                               Laboratory Wavelength            Chemical
                                 4089                                         Silicon

                                 4102                                         Hydrogen

                                 4293-4317                               G band 

4340 Helium

4383 Iron

4541                                         Helium

4650 Carbon

4861                                         Hydrogen

4958                                         Oxygen

5007                                         Oxygen

5173 Magnesium

5890                                         Sodium

6563 Hydrogen

6584                                         Nitrogen

6718 & 6733                            Sulfur  

                                     Table II Ultraviolet Part of Spectrum
                            Laboratory Wavelength            Chemical

                             3727                                        Oxygen

                             3805                                        Helium

                             3835                                        Hydrogen

                             3869                                        Neon

                             3889                                        Helium

                             3934                                        K line 

                             3969                                        H line

Added note: For an example of an absorption spectrum select object 10 in the table. For an example of an emission peak select object 2 in table. For an example of a strong radio signal select object 1.
    Instructions for Radio Telescope for Object X
1. Set up telescope using general instructions.
2. Go to slew>set coordinates
3. Enter coordinates and click ok.
4. When radio telescope reaches object turn on receiver. Follow steps below to obtain radio spectrum at 500 kHz.
5. Set horz secs to 4.
6. Adjust freq for 500.
7. Set vert gain to 2.
8. On receiver control panel press mode to start.
9. Observe pattern. To see an example of a strong radio source look at object #1 in table on first page using radio telescope. To see an example of weak or no radio waves look at #10 in table using the radio telescope. Does Object X? have a strong or weak radio spectrum?
10. Turn off radio telescope when finished.
---------------------------------------------------------------------------------------------------------------------------

                                              FINISH UP BY FILLING IN TABLE                    

See observational characteristics on modified version of page 9 of student manual below.  Complete worksheet table. Use your answers to questions on worksheet to decide which type of celestial object your mystery object is.
	Criteria for Identifying Astronomical Objects

	TYPE OF OBJECT
	OBSERVATIONAL CHARACTERISTICS
	PHYSICAL QUANTITIES DERIVABLE FROM OBSERVATIONS

	Star
	· Optical:

Point Source

Absorption Spectrum

Small Redshift.

Radio:

Not Detectable
	· Spectral Type

Temperature

Luminosity

Distance

Galactic Coordinates

Age (if in cluster)

	Asteroid
	Optical:

Point Source

Small Redshift.

Absorption spectrum.

Radio:

Not Detectable
	· Position

Transverse component of velocity

Distance (if parallax measurements available).

Color and type



	Normal Galaxy
	Optical:

Extended Source.  
Absorption Spectrum,
Notable red-shift.

Radio:

 Not detectable.
	· Radial velocity

Distance (assuming H0) or using an independent standard candle such as Cepheids or Type Ia Supernova.

	Quasi-Stellar Object
	Optical:

Point Source

Emission Spectrum

High Red Shift.

Radio:

 strong..
	· Radial Velocity

Distance (assuming H0)

Luminosity

	Pulsar
	Optical:

Point Source
        Emission Spectrum 
        Small Redshift

Radio:

Strong
.
	· Rotation period

Distance (assuming interstellar electron density).

Age

	Planetary Nebula
	Optical

Extended source.
Small Redshift.

Emission Spectrum

Radio

Not detectable
	· Temperature

Gas Density

Distance


