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Before lab, read this write up.

 

Goal: See how to measure Doppler shifts, see how a Hubble plot is constructed, and understand the relationship between redshifts of galaxy spectra and the expansion rate of the Universe.

 

In this lab you will use the simulated CLEA remote observing interface and:

        Use a spectrometer to acquire spectra and apparent magnitudes of galaxies,

        Find the redshift of galaxy absorption lines and calculate the radial velocity,

        Calculate the Hubble constant
 

Using the simulated observatory, the detector you will use is the spectrometer that you have used before to obtain spectra (you might look back at the CLEA Classification of Stellar Spectra Laboratory to remember how to use the telescope and spectrometer). 

 

Concepts to understand before doing this lab:

spectral lines;      Hubble Law;    Doppler shift;    slope of a straight line;   
Hubble constant;   signal-to-noise;   absolute and apparent magnitudes;   distance modulus

 

 

In this lab, you will obtain a spectrum (in the visible region) of each galaxy, and if your signal to noise is high enough you will notice two absorption lines.  These are calcium lines and are called the K and H lines.  

 

We know the true wavelengths of these lines (3933.67 Angstroms (K) and 3968.85 Angstroms (H)), so you can find the redshift of the galaxy if you measure the observed wavelengths of the lines. The detector will also record the apparent magnitude of each galaxy.

 

 

Using the data from your observations, you can re-discover the Hubble Law. The galaxy clusters you will observe have been chosen to be at different distances from the Milky Way Galaxy, giving you a suitable range to see the straight line relationship Hubble first determined. The slope of the straight line will give you the value of Ho, the Hubble constant, which is a measure of the rate of expansion of the Universe. 
This lab will help you think about how the Hubble Law was discovered and what it means. Because the lab manual won’t tell you each little step in analyzing your data, you will have to figure some things out yourself, and may need to ask some questions. 

 

As for previous labs, work one person to a computer and do the data analysis using the Excel spread sheet for calculations and plotting.

 

 Procedure: 
1)  Go observing! Use the CLEA-Hubble program in the computer lab room (under Start - departmental - physics -CLEA) to obtain spectra of galaxies and measure the apparent magnitude. 

 

        Do two galaxies in each cluster (i.e., in each field). Use the “Change Field” menu to move the telescope to a new cluster.  

        Use stop/resume count to check the signal-to-noise. A signal-to-noise of 10 is good.

        For each, record the apparent magnitude from the monitor screen, and measure (with the mouse) and record the observed wavelengths of the H and K calcium lines. (Click on the line center and read the wavelength off the screen).

 

2) Use your data to make a Hubble plot.  Hint: Use the "how to use Excel" notes at the beginning of the lab manual.
 

        Figure out what two quantities you will need to plot.

        Figure out what equations to use to get these quantities. 

Note: For one of the calculations, you will need to know the absolute magnitudes (M) of the galaxies that you observed. Since they all seem to be the same type of galaxy and we don’t know the true M, we’ll assume M= -22 for all of them. 

 

        You must use Excel to do your calculations. You will turn in the Excel file.
        Please have the first five columns be:         

1) galaxy name,  2) apparent magnitude,   3) calculated distance (pc),    4) distance in (Mpc),     

5) measured wavelength of K line.   Put other calculations in other columns. You must have Excel do the calculations. 

 

        Once you have the needed values, make a Hubble plot ("scatter" chart with no lines).  

        Use both the data for the K and the H line (same plot, or two plots, its up to you)

        Have Excel fit a line to the data (a 'trendline'). Should the intercept be 0 ?

        Have Excel print the equation of the trendline on your plot. 

3)     Find the Hubble constant from your plot.
 

4) What do we turn in?  The Hubble plot; showing your Hubble constant.

    Be sure to put the UNITS on.
