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1. Short description 
 
Principle 

 
The “Zeeman effect” is the splitting up of the spectral lines of atoms within a magnetic field. The simplest 

is the splitting up of one spectral line into three components called the “normal Zeeman effect”. The 

normal Zeeman effect is studied using a cadmium spectral lamp as a specimen. The cadmium lamp is 

submitted to different magnetic flux densities and the splitting up of the red cadmium line (643.8 nm) 

is investigated using a Fabry-Perot interferometer. The evaluation of the results leads to a fairly precise 

value for Bohr’s magneton.  

 
 

 
Fig.1: Experimental set up with CMOS camera. 
 
 
 
 
 
 

3. Equipment. 



 2 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Tasks. 
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1. Using the Fabry-Perot interferometer, a self-made telescope, a CMOS-camera and measurement 

software, the splitting up of the central line into two σ-lines is measured in wave numbers as a function 

of the magnetic flux density. In the classical version where the CMOS-Camera is not available, a screen 

with scale and a sliding device are used to measure the splitting. 

 

2. From the results of point 1. a value for Bohr’s magneton is evaluated. 

 

3. The light emitted within the direction of the magnetic field is qualitatively investigated. 

 

 

 

4. Set-up and procedure 

 
The magnetic system is mounted with the two pole shoes in such a way that a gap large enough for 

the Cd-lamp (9-11 mm) remains for the Cd-lamp. The magnetic system has to be well tightened in 

such a way that the pole shoes cannot move later on when the magnetic flux is established. The Cd-

lamp is inserted into the gap without touching the pole shoes and connected to the power supply for 

spectral lamps. The optical bench for investigation of the line splitting carries the following elements 

(their approximate position in cm is given in brackets): 

 

 
 
The iris diaphragm is eliminated for initial adjustment and for the observation of the longitudinal 

Zeeman effect. During observation of the transverse Zeeman effect the iris diaphragm is illuminated by 

the Cd lamp and as such it acts as the light source. 

 

The lens L1 and a lens of 𝑓 = 100 𝑚𝑚, incorporated in the etalon, create a nearly parallel light beam 

which the Fabry-Perot etalon needs for a proper interference pattern. The etalon contains a removable 

colour filter that lets the red cadmium line at 643.8 nm pass. The lens L2 produces an interference 

pattern of rings which can be observed through L3. The ring diameters can be measured using the 

CMOS-camera and the software supplied with it. In the classical version the interference pattern is 

produced within the plane of the screen with a scale mounted on a slide mount which can laterally be 

displaced with a precision of 1/100th of a millimeter. The measurement here can be done for instance, 

by systematic displacement of the slash representing the „0“ of the scale. 
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Fig. 2 Arrangements of the optical components. 

 
The initial adjustment is done in the following way: 

 

The magnetic system is adjusted so that the center of the holes in the pole shoes lies about 28 cm 

above the table. The optical bench with all elements (except iris diaphragm and CMOS-camera) 

mounted, is then moved closer to the magnet in such a way that one of the outlet holes of the pole 

shoes coincides with the previous position of the iris diaphragm. L1 is then adjusted so that the outlet 

hole is within the focal plane of it. All other optical elements of Fig. 2. are subsequently readjusted with 

respect to their height correspondingly. The magnetic field strength is adjusted to approximately 700 

mT by changing the distance between the pole shoes (turn the spindle drive). If necessary, increase in 

light intensity of the Cd-lamp. The ring interference pattern in axial direction is observed through L3 by 

the eye. The pattern must be centered and sharp which is eventually achieved by a last, slight 

movement of the etalon (to the right or to the left) and by displacement of L2 (vertically and 

horizontally). 

 

Finally, the CMOS-camera with the 8mm lens attached is mounted to the optical bench and adjusted in 

horizontal and vertical position as well as in tilt and focus until a clear picture of the ring pattern is 

visible on the computer screen. For installation and use of the camera and software please refer to the 

manual supplied with the camera. 

 

Hint: best results are achieved when the experiment is carried out in a darkened room. 

 

The magnet is now turned by 90º, the iris diaphragm is inserted and the analyzer turned until the -

line (explanation follows) disappears completely and the two -lines appear clearly visible. 
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Remark: 

 
For later evaluations the calibration curve of the magnetic flux density versus the pole shoe distance 

has to be traced previously. This can be done if a Teslameter, digital (13610-93) with Hall probe, 

tangential (13610-02) is available. Otherwise, the results of Fig. 3 can be used. The curve of Fig. 3 was 

traced by measuring the flux density in the center of the gap in the absence of the Cd-lamp. For the 

evaluations these center-values were increased by 3.5% to account for the non-uniform flux distribution 

within the gap. You will find additional information on the use of the magnetic system in the 

corresponding manual (06327-00). 

 

 
Fig. 3 Magnetic flux density B in the center of the gap without Cd lamp as a function of the shoe pole 

distance (without shoe pole tips) 
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Fig. 4: The atomic state of Cadmium, wavelength in 𝐴̇  = 0.1 nm. 
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Fig. 5: Longitudinal and transversal Zeeman effect. 
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Fig. 6: Energy shift of the atomic states. 
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Fig. 7: Energy shift of the atomic states 
 

 

 
Fig. 8: Reflected and transmitted rays at the parallel surfaces (1) and (2) of the etalon. The 

 etalon spacing is t = 3 mm. 
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Fig. 9: Focusing of the light emerging from a Fabry-Perot etalon. Light entering the etalon at 

an angle θ is focused onto a ring of radius r = fθ where f is the focal length of the lens. 
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Fig. 10: Normal Zeeman effect: Interference pattern without polarisation filter for different magnetic 

field strengths. On the left there is one ring per order of interference, on the right there are three 

rings per order of interference. 
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Fig. 11: Anomalous Zeeman effect: Interference pattern without polarization filter and magnified cut-

out of the first completely visible two orders of interference. 

 

 

 Fig. 12: Anomalous Zeeman effect: Interference pattern with horizontal polarization filter and 
magnified cut-out of the first complete two orders. 
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Fig. 13: Anomalous Zeeman effect: Interference pattern with vertical polarisation filter and 

magnified cut-out of the first complete two orders. 

 
done in “mm“ with a precision of 1/100th of a mm. In Fig.15 for a given field strength  was calculated from the differences of 

areas of corresponding rings of different order number and subsequent averaging (e.g. difference of area between middle ring of 

second order and middle ring of first order) and   was calculated from the differences of ring areas of the three rings of the same 

order number (outer to middle and middle to inner) and subsequent averaging over all values. 
With 
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Fig. 14: Screenshot of software used to measure the radii of 

interference rings, evaluation of horizontal and vertical 

polarisation. 
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Fig. 15: Measurement results for  vs. magnetic field strength. 
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Fig. 16: Screenshot of software used to measure the radii of interference rings, evaluation of 

horizontal and vertical polarisation. 
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    Fig. 17: Measurement results for  vs. magnetic field strength. 
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5. To learn more 

 
o Quantum Mechanics. Claude Cohen-Tannoudji, Bernard Diu, and 

Franck Laloë . Ed. Wiley-Vch.  
 

o Quantum Mechanics: Concepts and Applications. Nouredine Zettili. 
Ed. Wiley. 
 

 
 
 


