         INSTRUCTIONS FOR VIREO HUBBLE REDSHIFT (Rev 7/14/15)
1. Log on as told by instructor. When the desktop appears navigate to Start Menu>All Programs>COSAM>Physics>Astronomy to find VIREO Icon. Click on the VIREO icon. Under File click log in. Enter name and some number for table.
2. Under File select Run Exercise. Then chose Hubble Redshift-Distance Relation. Wait for “No Telescope Accessed” message. In telescope menu chose 4m telescope. When you have control, open the dome. Turn on control panel. Turn on tracking. Increase slew rate to 16.
3. On the Slew menu Hot List select objects by number listed on report form (double click). Click to get telescope moving. When the telescope has finished moving to the object, change view from finder to telescope.
4. If the parallel red lines are not centered on the target use the N-E-W-S controls to move the simulated scope so lines are on the target.
5. Select Access Spectrometer. Take reading by clicking Go. 
6. Stop when signal/noise reaches 20 or more. While waiting record App. Mag(V) value on report form under m.
7. Under File save data. Remember object number in lower left. Go back to window with Tools menu. Select Spectrum Measuring. Load data for your object. Click on first large dip starting from the left between 4000 and 4500 angstroms. Record wavelength to nearest angstrom on worksheet. Close box.
8. Go back to window with Slew menu. Change view back to finder. Repeat 3-7 for other 4 objects. 
9. Complete worksheet to get average value of Hubble’s Constant. Look at attached pages for formulae for distance and velocity. Speed of light (c) = 300,000 km/sec. Go through example before doing your calculations.You may want to use Excel to do number crunching and copy results on worksheet. 
OBJECTS TO USE 

           Object  #      LOCATION (RA, DEC)            OBJECT TYPE                                                      

                   4          12h 59m 35.13s, 27d 57 36.0s         elliptical galaxy  

                   13          23h 10m 42.33s, 7d 34m 01.5s      elliptical galaxy  
                   2         11h 47h 21.57s,  55d 41m 24.0s       distant galaxy  

                  10         15h 22m 42.53s, 27d 40m 22.0s      distant galaxy  

                  6     14h 32m 44.27s, 31d 33m 48.0s         distant galaxy  

FORMULAE
logD = (m-M+5)/5

D(pc) = 10logD
D(Mpc) = D(pc)/ 1,000,000

V = speed of light(km/sec) x (change in wavelength) / unshifted wavelength 

H= V/D with D in Mpc

EXAMPLE FOR HUBBLE REDSHIFT LAB

Object From Earlier Version

From Graph:  m = 14.52    shifted wavelength = 4129 Angstroms
Given M = -22
1. Log D = (m-M +5) / 5 = (14.52 – (-22) +5)/5 = 8.304

D = 10logD = 108.304 = 201 x 106 parsecs

D= 201 Megaparsecs     (1 megaparsec = 1,000,000 parsecs)
2. Wavelength difference = shifted value – unshifted value = 4129 -3934 = 195 Angstroms

V = (wavelength difference/unshifted wavelength) x speed of light = (195/3934) x 300,000 = 14870 km/sec

3. H = V/ D = 14870/201 = 74  (using km/sec and megaparsecs)

