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ASTRONOMY 2 LABORATORY

Atomic Emission Lines

Aim


To understand how spectra are produced by diffraction gratings, and to employ that understanding in order to identify the atomic species present in a glowing gas.

Task List

1. Set up the spectrometer, diffraction gratings and known gas discharge lamps and obtain spectra.
2. Investigate the properties of the grating by verifying the grating equation, so calibrating the spectrometer by evaluating its angular dispersion
3. Analyse the unknown lamp, and deduce its atomic composition.
Experimental Method

You are provided with a spectrometer, 2 transmission diffraction gratings and various gas discharge lamps with associated power supplies.  

Mount one of the gratings carefully on the rotating platform of the spectrometer, and place one of the discharge lamps very close to the slit end. Swing the telescope end around until approximately aligned with the collimator; you should be able to image the slit directly, bringing it into focus (be careful when making adjustments that you don’t unwittingly drive the collimator directly into the gas discharge lamp).  Move the telescope slowly around in an arc; coloured emission lines will appear, and are the characteristic ‘fingerprint’ of the atomic species in the lamp. Note that the rotating platform has a locking screw directly underneath the telescope.  This must be released so that the telescope rotates freely.

The grating equation takes the form
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when parallel light is incident on the grating, and where d is the distance between lines on the grating, (  is the angle between the normal to the grating and the position of the observed line, m is the order of the fringes, and ( is the corresponding wavelength.

· By observing the angle at which specific lines of known wavelength occur, verify that the first order (m = 1) fringes occur at the expected angles.  How accurately can you determine the normal to the grating? Do you need to measure the direction of the normal directly?

· Calculate the theoretical resolving power, 
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, of the diffraction grating, and the theoretical grating response width of the first order fringes for some of the specific lines given in the data tables below.  How does this grating response width compare with the angular width of the spectrometer slit?  (See A2 Observational Astrophysics lecture notes for details, or ask one of the demonstrators for some help with these calculations).

· By examining the spectra of all the known lamps, construct a plot of angular deflection 
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 against wavelength (, and determine the angular dispersion, 
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, for different values of  (.  This curve calibrates the spectrometer (and thus determines the value of 
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); how does your experimental calibration compare with the predicted value of 
[image: image6.wmf]d

 (i.e. inferred from the quoted number of lines per mm on the grating)?

· What do you notice about the Hydrogen lamp spectrum, compared to the others? Can you explain this?
· How does the observed spectrum change when you use the other diffraction grating?

· Finally, examine the spectrum of the discharge lamp of unknown composition.  Evaluate the wavelengths of the lines using your calibration curve, and identify the atomic species present using the tables below.

Table 1. Principal Neutral Lines in Atomic Spectrum

	Element
	Wavelength (nm)

	Hydrogen
	486.1

	
	656.3

	Krypton
	557.0

	
	587.1

	Xenon
	450.1

	
	462.4

	
	467.1


Table 2. Useful emission lines for wavelength calibration (air values)

	( (nm)
	Cadmium
	Caesium
	Helium
	Mercury
	Potassium
	zinc
	rubidium

	400
	
	
	402.6
	404.66
	404.42
	
	

	
	
	
	412.08
	407.78
	404.72
	
	

	
	
	
	414.38
	
	
	
	

	
	
	
	
	
	
	
	420.18

	
	
	
	
	
	
	
	421.56

	
	
	
	438.79
	435.84
	
	
	

	
	441.3
	
	443.75
	
	
	
	

	
	
	
	447.15
	
	
	
	

	450
	
	455.55
	
	
	
	
	

	
	
	459.32
	
	
	
	462.98
	

	
	467.82
	460.38
	468.58
	
	
	468.01
	

	
	
	
	471.31
	
	
	472.22
	

	
	479.99
	
	
	
	
	481.05
	

	
	
	
	
	
	
	491.16
	

	
	
	
	492.19
	
	
	492.40
	

	500
	508.58
	
	501.57
	
	
	
	

	
	
	
	504.77
	
	
	
	

	
	533.80
	
	
	
	535.97
	530.86
	

	
	537.90
	
	
	
	
	
	

	
	
	
	
	546.07
	
	
	

	550
	
	
	
	
	578.26
	
	

	
	
	
	
	
	580.19
	
	572.45

	
	
	
	
	576.96
	581.24
	577.22
	

	
	
	
	587.56
	579.07
	583.20
	589.44
	

	600
	
	
	
	
	
	
	620.65

	
	
	621.30
	
	623.44
	
	
	629.86

	
	
	
	
	
	
	636.23
	

	
	643.85
	
	
	
	
	
	

	650
	
	658.65
	
	
	
	
	

	
	
	672.33
	667.81
	
	
	
	

	
	
	697.33
	
	
	691.13
	
	

	
	
	698.34
	
	690.75
	693.90
	692.84
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