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Spectroscopy




    Fall 2013
Atoms of a particular element emit a characteristic spectrum of electromagnetic radiation.  When an electron makes a transition from a higher energy state to a lower state, the atom emits a photon whose frequency, f, is determined by the energy change.
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The historically important Bohr Model of the Hydrogen atom predicts the energy levels of the electron in the Hydrogen atom.
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The principle quantum number is n = 1, 2, 3, 4, 5, . . .  En is the energy of the nth energy level.  The constant R is called the Rydberg constant.  Planck’s constant is h; the speed of light is c.
In the Bohr Model, the Rydberg constant is predicted to be 
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.  We shall determine R experimentally by observing the emission spectrum of Hydrogen.
The four bright spectral lines in the visible portion of the EM-spectrum arise from transitions from the n = 3, 4, 5, & 6 energy levels to the n = 2 level.  We will measure the frequencies of those four lines, and from that data compute four values of R.  Then we will compare the model prediction with the experimental result.  [It may be that the 4th line (n=6) is too faint to be seen.]
The grating spectroscope gives us the defracted angles of the spectral lines, from which the frequency of each line is derived.  
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Normally, we use normal incidence, in which case 
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The angular scale on the spectrometer is marked in half-degrees of arc.  The vernier scale is marked in minutes of arc.  One degree is 60 arc-minutes; one minute of arc is 60 arc-seconds.  Thus the vernier scale shows 0-30 minutes of half a degree.  Of course, when using the equation above, the angle must be converted to decimal fractions of a degree.  Also, the etched lines are not filled in with coloured paint, so it is a challenge to read the vernier scale.  A magnifying plastic is provided.

The procedure simply is to measure the wavelengths of the visible spectral lines of Hydrogen, compute frequency, energy, and the Rydberg constant, Rexp, for each line.  Compare the average Rexp with the theoretical value of R.  Remember what the word compare means in this context.
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