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normal zeeman effect

1. Purpose
Due to the orbital motion and spin of atomic electrons, an atom possesses a magnetic dipole moment.  In an external magnetic field, the total energy of the atom now includes magnetic potential energy, this depending on the orientation of the dipole moment in the field.  Since this orientation is quantized ("space quantization"), so to is the potential energy.  This results in spectral lines associated with these atoms each being split into a number of very closely spaced lines when the atoms are in a magnetic field.

The normal Zeeman effect is exhibited in transitions between states characterized by a net spin of zero, the magnetic moment being due solely to the orbital motion of the electrons.  The red 643.8 nm cadmium line falls into this category.  In an external magnetic field, B, the line is split into three.  The emitted photons have energies E- (E , E, and E+ (E, where E is the energy with no magnetic field present and

(E =  [e(/2m] B      .................(1)

The quantity in parentheses is called the "Bohr magneton".  It has a value of 9.27(10-24 JT-1 and will be determined in this experiment.

Even for a fairly intense magnetic field, the amount of energy represented by equation (1) is very small.  If   is the unperturbed wavelength corresponding to E, then the other two differ from by an amount where

                         (E = hc ((/(2.    ................(2)

(This is obtained by differentiating E = hc/(, etc.)  

The problem becomes one of measuring ((  for a known B field.  This is achieved with a Fabry-Perot interferometer shown in Fig. 1.  The instrument utilizes the circular fringes
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produced after multiple reflections in the air film between two parallel glass plates thinly silvered on the inner surfaces.  The condition for constructive interference is 2dcos( = n(.  The fringes are usually viewed through a telescope focused at infinity.  If the source emits 2 nearly equal wavelengths of average value  (, the difference in wavelength, ((, is related to the corresponding fringe diameters, d1 and d2, (for a given order n) by

((/( = (d12 - d22 )/8f2   ...............(3)

where f is the focal length of the telescope objective lens.
2. Procedure
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The apparatus is shown schematically in Fig. 2.  Unscrew the cadmium lamp from its holder.  Turn on the cooling water supply for the electromagnet.  Switch on the magnet power supply and gradually increase the current to 10.0 A.  Use the gaussmeter to measure the magnetic induction, B (teslas), halfway between the poles.  The correct value is the maximum value, obtained when the plane of the probe is held perpendicularly to the field.  Decrease the current to zero and switch off the power supply.  Replace the cadmium lamp, being careful not to alter the gap between the poles, and switch the lamp on (0.9 A).

Align the axis of the interferometer with the cadmium lamp.  Without the red filter or telescope in place, turn the adjusting screws on the nearer partially reflecting plate until circular fringes are seen.  Replace the telescope objective tube and eyepiece, moving the latter along the optical bench until the fringes are in focus.  Continue to turn the adjusting screws to improve the definition of the fringes and refocus the eyepiece as necessary.  Make your final adjustments with the red filter, which isolates the red cadmium line, placed in front of the objective lens.  The fringes should be very thin and sharply defined as shown in Fig. 3a.  Now turn on the magnet power supply (10.0 A) and observe the splitting of each circular fringe into three.  The following measurements using the measuring eyepiece need to be taken as rapidly as possible due to drift in the interferometer.  Also move the micrometer in one direction only to prevent backlash errors.  First select a set of 3 fringes and determine the difference in radius between the outer and middle fringe by setting the pointer at positions 1 and 2.  Then take a reading at position 3.  
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Fig. 3 Field of view a) without and b) with magnetic field

3. calculations

From your results, determine d1 (diameter of outer fringe) and d2 (middle fringe).  Use equation 3 to calculate  ((, given that the focal length of the telescope objective is 183 mm.  Repeat a few times and obtain an average and standard deviation.  (You may also use the middle and inner fringes since the wavelength difference is the same.)

Finally use equations (1) and (2) to obtain a value and standard deviation for the Bohr magneton.
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