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Abstract
The Zeeman Effect allows experimental computation of the Bohr magneton and provides direct evidence of atomic fine structure leading to the discovery of electron spin. The Zeeman Effect was observed as the splitting of cadmium and mercury spectral lines on a Lummer-Gehrcke interferometer generated by the application of a magnetic field to a Cd-Hg arc lamp. Acquisition of spectral line splitting data as a function of an applied magnetic field allowed computation of the Bohr magneton to within 3.25% for a transverse magnetic field application and accuracy within the order of magnitude for parallel magnetic field application.
Introduction

The Zeeman Effect is studied with observations of spectral line shift as a result of an applied magnetic field. The angular momentum of an electron shell generates a magnetic dipole moment defined as the Bohr magneton. Classically interpreted, the application of a magnetic field to an orbiting electron will cause a shift in orbital radius, thereby altering its frequency. The orbital frequency change will alter the emitted spectral wavelength during energy transitions, thereby causing a separation in spectral lines when observed on a Lummer-Gehrcke interferometer. 
It can be further noted that the spin quantum number of an electron defines a magnetic dipole. The magnetic dipole of an electron causes a difference in energy caused by a transition between orientations that are parallel to anti parallel with the angular momentum of a given orbital shells. Fine structure spectral splitting occurs when energy transitions occur with a non integer shift in spin, thereby causing minute spectral emission changes, observed as the further splitting of spectral lines into multiple components.
The Zeeman Effect is observed in a Lummer-Gehrcke interferometer (Figure I1). A Cd-Hg arc lamp is subjected to a magnetic field of variable magnitude generated by a magnetic yoke enclosing the light source. 
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Figure I1. Zeeman Effect apparatus and Lummer-Gehrcke interferometer plate. (Courtesy of the Department of Physics, University of Hong Kong)
A Lummer-Gehrcke interferometer plate is utilized to observe a linear interference pattern isolating a spectral line into discrete bands. As light enters the Lummer-Gehrcke plate, it is reflected between the plate boundaries at slightly less then its critical reflection angle, causing a minute amount of the given interference band to be projected into the observation eyepiece. Each projected band has a progressively lower luminosity then the previous band due to the component lost in the previously projected band. This generates a field of progressively dimmer bands until the reflections are terminated at the end of the plate.

The emitted pattern can be observed through a telescope aimed at the Lummer-Gehrcke plate. The telescope is attached to an adjustable optical platform that can be used to determine the position of the generated interference pattern via the attached gauge. Relative distances between interference bands can be measured with the telescope reticle and relative distance gauge. 
The Bohr magneton will be computed utilizing the linear regression of spectral shift as a function of applied magnetic field. The derivative of the linear regression is directly proportional to the value of the Bohr magneton. Spectral emission shifts 
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 can be used to compute the Bohr magneton with 
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  by generating a ratio 
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 between the standard and split interference bands, where 2s is the distance between split bands, 2a is the distance between normal bands, d is the thickness of the Lummer-Gehrcke plate (Figure C3, Appendix C), and n is the refractive index (Figure C1, Appendix C) at wavelength
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Procedures


The measurement of the Zeeman Effect required the observation of spectral line splitting based on applied magnetic field on a radiating atom. This requires data to be acquired on magnetic field and wavelength shift.

The quantification of the Zeeman Effect requires an accurate measurement of the magnetic field altering the energy level transitions; however the Cd-Hg lamp is positioned within the magnetic yoke during operation, preventing a direct reading with a hall effect probe. To obtain an accurate prediction of magnetic field within the yoke, a hysterisis loop was generated by referencing magnetic field to applied voltage. Prior to acquisition of magnetic field data, the gaussmeter was zeroed outside of the yoke assembly while in a consistent orientation thereby compensating for geomagnetic field superposition. Voltage was logged in approximately one volt increments while magnetic field was measured with a Hall Effect gaussmeter. The acquired hysterisis loop was further verified for reproducibility by checking its accuracy against a second magnetic field measurement near the peak of field intensity where the hysterisis effect was most prevalent.

To compute the 
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 values produced by the application of the magnetic field it necessary to determine the ratio between the 2a and 2s spectral lines. The 2a distance is measured between two spectral lines spanning a third. The relative distance gauge is zeroed and the telescope is rough adjusted by altering its angle with respect to the adjustable platform until the reticle crosshairs are near the first line. The reticle eyepiece is then positioned axially until the crosshairs bisect the spectral line. The angular platform is then adjusted until the crosshairs bisect the next line, and the relative distance is measured. Multiple acquisitions of distance between the first five lines provide experimental error reduction by statistical averaging. The first three lines are spread at greater distance allowing readings of greater accuracy, while the measurement through the fifth line allow the 2s distance to be acquired on higher level lines, should the lowest level lines become indistinguishable due to optical attenuation. 2a data was reacquired before each set of measurements for accuracy after interchanging optical components.

The normal Zeeman Effect is measured on the cadmium red spectral line, both parallel and perpendicular to the applied magnetic field. 2s splitting data is acquired by measuring spectral line separation as a function of applied voltage. The relative distance gauge was zeroed with the reticle crosshairs bisecting the lower split spectral line and 2s distance was measured to the upper spectral line. Spectral line splitting perpendicular to the magnetic field was filtered with a vertical polarization filter to isolate the split spectral lines from the invariant central line. Spectral line splitting parallel to the magnetic field is circularly polarized and is not filtered with a circular polarization filter, allowing simultaneous observation of both split spectral lines. The applied magnetic field was calculated using the linear regression of the upward cycle on the hysterisis loop, providing accurate field data.

The anomalous Zeeman Effect is observed as a result of atomic fine structure on the mercury green spectral line. Atomic fine structure effects are observed on polarizations perpendicular to the applied magnetic field while using a vertical polarization filter. 2a and 2s separation data is acquired perpendicular to the applied magnetic field with a horizontal polarization filter.
Results

As voltage is varied magnetic field generated a hysterisis loop (Figure R1) due to the residual magnetization of the iron yoke. Hysterisis loop is verified for reproducibility by plotting two points from a second increasing cycle against the existing cycle.
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Figure R1. Magnetic field hysterisis loop. Green points show cycle reproducibility.
A characteristic equation of the increasing cycle (Equation R1) is determined by linear regression, allowing magnetic field to be computed as a function of voltage without continuous measurement with a Hall Effect probe.  
B(v) = 0.0531v + 0.0031  T
Equation R1. Magnetic field as a function of voltage.
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Figure R2. Cd red spectral line splitting due to magnetic field application.

As magnetic field intensity perpendicular to the LG plate was increased, line splitting was observed (Figure R2) on the Cd red spectral line. 2A and 2S distances were recorded for 3 acquisitions and averaged. 
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(B) was computed utilizing linear regression (Figure R3). Polarization was determined to be vertical.
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Figure R3. Cd red spectral line splitting, perpendicular to the applied magnetic field.
As magnetic field intensity parallel to the LG plate was increased, line splitting was observed on the Cd red spectral line. 2A and 2S distances were recorded for 3 acquisitions at 3 sets of different voltages. Since voltages were different between acquisition sequences, direct averaging could not be implemented. Three regression lines were generated and found to be consistent. 
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(B) was computed utilizing linear regression (Figure R4). Polarization was determined to be circular.
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Figure R4. Cd red spectral line splitting, parallel to the applied magnetic field.
As magnetic field intensity perpendicular to the LG plate was increased, line splitting was observed on the Hg green spectral line. 2A and 2S distances were recorded for 3 acquisitions and averaged. 
[image: image14.wmf]l

D

(B) was computed utilizing linear regression (Figure R5). Polarization was filtered vertically. While no fine structure was observed with vertical polarization, structure was observed as line broadening with horizontal polarization.
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Figure R5. Hg green spectral line splitting, perpendicular to the applied magnetic field.
Discussion


The magnet yoke showed negligible hysterisis on the increasing cycle and only minimal hysterisis on the decreasing cycle. The magnetic field hysterisis loop was further verified for reproducibility by cross checking the initial cycle with data points acquired on a second cycling of the magnet field, located at the point where the hysterisis effect manifested itself in the greatest magnitude. The hysterisis data was found to be accurate and subsequent experimental data was acquired on the increasing cycle of the generated loop. A linear regression of the increasing cycle (Results, Equation R1) was generated and used to calculate magnetic field from recorded voltage. 
The applied magnetic field will force the cadmium and mercury atoms to orient themselves parallel to the field causing vertical polarization when viewed perpendicular to the applied field, and circular polarization when viewed on axis. The magnetic field will cause a shift in energy transitions determined by the electron shells angular momentum quantum number, classically interpreted as a Lorenz force compression or expansion of the classical electron orbit. The energy level difference in transitions will cause a increase or decrease in spectral wavelength emission corresponding to lower and higher respective energy differences.

Spectral line splitting was observed on the cadmium red spectral line (
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(B) was determined by linear regression. Standard deviation of acquired data over three acquisition sequences was sufficiently less then the mean and results were statistically accurate. The resulting accuracy allowed calculation of the Bohr magneton (Figure 1B, Appendix B) to within 3.25% error. The computed value of the Bohr magneton was further confirmed with computation of the Zeeman Effect observed perpendicular to the applied magnetic field on the mercury green line (
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). Vertical polarization was selected to filter out fine structure splitting and provide more precise data acquisition. The Bohr magneton was computed to be 
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 from data acquired on Cd red spectral splitting data and was confirmed with Hg green spectral data. Data acquired from Cd red spectral line splitting parallel to the applied magnetic field implied a less precise value of the Bohr magneton (Figure 2B, Appendix B) that was still accurate within the order of magnitude. Less precise data was acquired for Zeeman data parallel to the magnetic field due to optical attenuation by the magnetic yoke and possible diffraction effects. The produce 
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 was invariant between Cd and Hg computations with respect to a perpendicular magnetic field and vertical polarization, yielding 
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for both Cd and Hg products. This implies that the anomalous Zeeman Effect does not occur with a vertical polarization when viewed perpendicular to the applied magnetic field.
Fine structure splitting was observed on the mercury green spectral line as a result of the applied magnetic field. Although exact measurements could not be obtained due to limitations in equipment resolution, distinct spectral line spreading could be observed. Anomalous Zeeman Effect fine structure was observed parallel to the magnetic field with circular polarization and perpendicular to the magnetic field with horizontal polarization. No anomalous Zeeman Effect was observed with perpendicular to the magnetic field with vertical polarization. The polarization results suggest that non-integer spin transitions only occur with electron angular momentum oriented in the vertical direction.
Conclusion

Spectral line shifting from Cd and Hg was measured and used to compute the Bohr magneton which was found to be
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with in 3.25% error from the actual value. This was verified in two separate studies of the spectral emissions from both Cd and Hg. The anomalous Zeeman Effect was determined to be caused by atomic fine structure and sub-splitting of spectral lines was observed. It was determined by polarization effects that the application of a magnetic field caused the magnetic dipole of Cd and Hg atoms to align with the magnetic field. It was further determined that the spectral polarization was generated by the oscillating electric dipole caused by the electrons angular momentum forced to be on axis with the magnetic field.
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Appendix A: Reduced Experimental Data







Appendix B: Computation
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Figure 1B. Computation of Bohr Magneton from normal Zeeman perpendicular B data.
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Figure 2B. Computation of Bohr Magneton from normal Zeeman parallel B data.
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Figure 3B. Computation of Bohr Magneton from anomalous Zeeman perpendicular B data.
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Figure C1. Index of refraction of Quartz (18°C). (Courtesy of the Department of Physics, Georgia Institute of Technology)
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Figure C2. Emission wavelengths of Cd-Hg lamp.
Thickness = 4 mm
Figure C3. Lummer-Gehrcke plate attributes.

Appendix D: Raw Experimental Data



Table A1. 2a Line Data


Line�
Trial 1�
Trial 2�
Trial 3�
Trial 4�
STD�
Mean�
Difference�
�
�
�
�
�
�
�
�
�
�
Line 1�
0�
0�
0�
0�
0�
0�
0�
�
Line 2�
30�
30.5�
30.5�
31�
0.408�
30.5�
30.5�
�
Line 3�
50�
52.5�
52�
53�
1.315�
51.875�
21.375�
�
Line 4�
71�
65�
71�
ND�
3.464�
69�
17.125�
�
Line 5�
85.5�
83�
85.5�
ND�
1.443�
84.6667�
15.66667�
�
Line 6�
99�
95�
99.5�
ND�
2.466�
97.8333�
13.16667�
�






Table A2. Magnetic Field Hysterisis Data





Voltage:�
Current:�
�
B-Field: (T)�
�
B = 0.0531v + 0.0031�
T�
�
�
�
�
�
�
Hysterisis Up�
�
�
�
0�
0�
�
0.0035�
�
1.0245�
0.8406�
�
0.0552�
�
2.102�
1.6477�
�
0.107�
�
3.0085�
2.4851�
�
0.1613�
�
4.0002�
3.2911�
�
0.214�
�
5.0113�
4.1847�
�
0.272�
�
6.088�
5.1151�
�
0.331�
�
7.0781�
5.93�
�
0.384�
�
8.009�
6.723�
�
0.435�
�
9.008�
7.591�
�
0.489�
�
10.081�
8.491�
�
0.544�
�
11.002�
9.312�
�
0.588�
�
12.038�
10.191�
�
0.625�
�
�
�
�
�
�
Hysterisis Down�
�
�
�
12.038�
10.191�
�
0.625�
�
10.86�
9.328�
�
0.594�
�
10.075�
8.697�
�
0.562�
�
9.073�
7.614�
�
0.497�
�
8.016�
6.728�
�
0.441�
�
7.076�
5.931�
�
0.389�
�
6.049�
5.071�
�
0.333�
�
4.995�
4.1889�
�
0.276�
�
3.9993�
3.3509�
�
0.222�
�
2.9921�
2.5037�
�
0.167�
�
1.989�
1.6626�
�
0.113�
�
0.9918�
0.829�
�
0.058�
�
0�
0�
�
0.0037�
�
�
�
�
�
�
Hysterisis Verification�
�
�
8.013�
6.675�
�
0.431�
�
10.149�
8.482�
�
0.541�
�






Table A3. Normal Zeeman Effect Perpendicular B Data





S/A�
λo�
D�
n�
Δλ�
�
0.06378�
6.439E-07�
4.00E-03�
1.4568�
3.1195E-12�
�
0.10714�
6.439E-07�
4.00E-03�
1.4568�
5.2408E-12�
�
0.12245�
6.439E-07�
4.00E-03�
1.4568�
5.9894E-12�
�
0.13265�
6.439E-07�
4.00E-03�
1.4568�
6.4886E-12�
�
0.17857�
6.439E-07�
4.00E-03�
1.4568�
8.7346E-12�
�
0.17602�
6.439E-07�
4.00E-03�
1.4568�
8.6098E-12�
�
0.20918�
6.439E-07�
4.00E-03�
1.4568�
1.0232E-11�
�
0.21173�
6.439E-07�
4.00E-03�
1.4568�
1.0357E-11�
�
0.22449�
6.439E-07�
4.00E-03�
1.4568�
1.0981E-11�
�






Table D1. Normal Zeeman Effect Perpendicular B Data








2a data (Lines 2-4)�
�
�
�
�
�
�
�
Voltage�
Current�
B(T)�
Trial 1�
Trial 2�
Trial 3�
STD�
Mean�
Difference�
�
�
�
�
�
�
�
�
�
�
�
0�
0�
0�
0�
0�
0�
0�
0�
0�
�
�
�
�
26�
24.5�
26�
0.866�
25.5�
25.5�
�
�
�
�
65�
64.5�
66.5�
1.041�
65.3333�
39.83333333�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
2S data (Line 3)�
�
�
�
�
�
�
�
�
Voltage�
Current�
B(T)�
Trial 1�
Trial 2�
Trial 3�
STD�
Mean�
Distance 2s�
�
�
�
�
�
�
�
�
�
�
�
4.0047�
3.3671�
0.21575�
0�
0�
0�
0�
0�
0�
�
�
�
�
4�
3.5�
5�
0.764�
4.16667�
4.166666667�
�
�
�
�
�
�
�
�
�
�
�
5.0375�
4.2202�
0.270591�
0�
0�
0�
0�
0�
0�
�
�
�
�
7�
7�
7�
0�
7�
7�
�
�
�
�
�
�
�
�
�
�
�
6.042�
5.057�
0.32393�
0�
0�
0�
0�
0�
0�
�
�
�
�
8�
8�
8�
0�
8�
8�
�
�
�
�
�
�
�
�
�
�
�
7.04�
5.884�
0.376924�
0�
0�
0�
0�
0�
0�
�
�
�
�
8�
9�
9�
0.577�
8.66667�
8.666666667�
�
�
�
�
�
�
�
�
�
�
�
8.026�
6.667�
0.429281�
0�
0�
0�
0�
0�
0�
�
�
�
�
12.5�
13�
9.5�
1.893�
11.6667�
11.66666667�
�
�
�
�
�
�
�
�
�
�
�
9.023�
7.482�
0.482221�
0�
0�
0�
0�
0�
0�
�
�
�
�
10.5�
11�
13�
1.323�
11.5�
11.5�
�
�
�
�
�
�
�
�
�
�
�
10.039�
8.299�
0.536171�
0�
0�
0�
0�
0�
0�
�
�
�
�
14�
14�
13�
0.577�
13.6667�
13.66666667�
�
�
�
�
�
�
�
�
�
�
�
11.048�
9.114�
0.589749�
0�
0�
0�
0�
0�
0�
�
�
�
�
13.5�
14�
14�
0.289�
13.8333�
13.83333333�
�
�
�
�
�
�
�
�
�
�
�
12.087�
9.942�
0.64492�
0�
0�
0�
0�
0�
0�
�
�
�
�
15�
15�
14�
0.577�
14.6667�
14.66666667�
�






Table D2. Normal Zeeman Effect Parallel B Data








2A�
�
�
V (V)�
I (A)�
B�
2S-�
2S+�
2A�
2S�
�
Line 1�
71.2�
�
4.0013�
3.3393�
0.21557�
89�
83�
68.2�
6�
�
Line 2�
86�
�
5.031�
4.174�
0.27025�
90.7�
82�
68.2�
8.7�
�
Line 3�
3�
�
6.005�
5.0019�
0.32197�
91.1�
82�
68.2�
9.1�
�
2A�
68.2�
�
7.005�
5.885�
0.37507�
92.1�
81.1�
68.2�
11�
�
�
�
�
8.003�
6.701�
0.42806�
94�
82�
68.2�
12�
�
�
�
�
9.011�
7.54�
0.48158�
94�
82�
68.2�
12�
�
�
�
�
10.013�
8.371�
0.53479�
94.5�
81.7�
68.2�
12.8�
�
�
�
�
11.008�
9.228�
0.58762�
95�
81�
68.2�
14�
�
�
�
�
12.034�
10.074�
0.64211�
95�
80�
68.2�
15�
�
�
�
�
�
�
�
�
�
�
�
�
Line 1�
87�
�
4.011�
3.319�
0.21608�
0�
6�
66�
6�
�
Line 2�
2.1�
�
5.045�
4.174�
0.27099�
0�
6�
66�
6�
�
Line 3�
21�
�
6.034�
5.0066�
0.32351�
0�
6�
66�
6�
�
2A�
66�
�
7.037�
5.879�
0.37676�
0�
7.5�
66�
7.5�
�
�
�
�
8.004�
6.686�
0.42811�
0�
10�
66�
10�
�
�
�
�
9.003�
7.516�
0.48116�
0�
11�
66�
11�
�
�
�
�
10.071�
8.394�
0.53787�
0�
12�
66�
12�
�
�
�
�
11.065�
9.214�
0.59065�
0�
12�
66�
12�
�
�
�
�
12.214�
10.171�
0.65166�
0�
12.5�
66�
12.5�
�
�
�
�
�
�
�
�
�
�
�
�
Line 1�
84.5�
�
4.003�
3.287�
0.21566�
97�
5�
64.5�
8�
�
Line 2�
0�
�
5.001�
4.125�
0.26865�
96�
6.1�
64.5�
10.1�
�
Line 3�
20�
�
6.008�
4.963�
0.32212�
96�
6.8�
64.5�
10.8�
�
2A�
64.5�
�
7.008�
5.804�
0.37522�
95�
7.1�
64.5�
12.1�
�
�
�
�
8.03�
6.651�
0.42949�
95�
7.8�
64.5�
12.8�
�
�
�
�
9.039�
7.495�
0.48307�
94.8�
7.2�
64.5�
12.4�
�
�
�
�
10.033�
8.308�
0.53585�
94�
8�
64.5�
14�
�
�
�
�
11.02�
9.12�
0.58826�
94.5�
8.1�
64.5�
13.6�
�
�
�
�
12.011�
9.903�
0.64088�
94�
9�
64.5�
15�
�






Table A4. Normal Zeeman Effect Parallel B Data





S/A�
λo�
D�
n�
Δλ�
�
0.0879765�
6.439E-07�
4.00E-03�
1.4568�
4.303E-12�
�
0.127566�
6.439E-07�
4.00E-03�
1.4568�
6.24E-12�
�
0.1334311�
6.439E-07�
4.00E-03�
1.4568�
6.527E-12�
�
0.1612903�
6.439E-07�
4.00E-03�
1.4568�
7.889E-12�
�
0.1759531�
6.439E-07�
4.00E-03�
1.4568�
8.607E-12�
�
0.1759531�
6.439E-07�
4.00E-03�
1.4568�
8.607E-12�
�
0.1876833�
6.439E-07�
4.00E-03�
1.4568�
9.18E-12�
�
0.2052786�
6.439E-07�
4.00E-03�
1.4568�
1.004E-11�
�
0.2199413�
6.439E-07�
4.00E-03�
1.4568�
1.076E-11�
�
�
�
�
�
�
�
0.0909091�
6.439E-07�
4.00E-03�
1.4568�
4.447E-12�
�
0.0909091�
6.439E-07�
4.00E-03�
1.4568�
4.447E-12�
�
0.0909091�
6.439E-07�
4.00E-03�
1.4568�
4.447E-12�
�
0.1136364�
6.439E-07�
4.00E-03�
1.4568�
5.558E-12�
�
0.1515152�
6.439E-07�
4.00E-03�
1.4568�
7.411E-12�
�
0.1666667�
6.439E-07�
4.00E-03�
1.4568�
8.152E-12�
�
0.1818182�
6.439E-07�
4.00E-03�
1.4568�
8.893E-12�
�
0.1818182�
6.439E-07�
4.00E-03�
1.4568�
8.893E-12�
�
0.1893939�
6.439E-07�
4.00E-03�
1.4568�
9.264E-12�
�
�
�
�
�
�
�
0.124031�
6.439E-07�
4.00E-03�
1.4568�
6.067E-12�
�
0.1565891�
6.439E-07�
4.00E-03�
1.4568�
7.659E-12�
�
0.1674419�
6.439E-07�
4.00E-03�
1.4568�
8.19E-12�
�
0.1875969�
6.439E-07�
4.00E-03�
1.4568�
9.176E-12�
�
0.1984496�
6.439E-07�
4.00E-03�
1.4568�
9.707E-12�
�
0.1922481�
6.439E-07�
4.00E-03�
1.4568�
9.404E-12�
�
0.2170543�
6.439E-07�
4.00E-03�
1.4568�
1.062E-11�
�
0.2108527�
6.439E-07�
4.00E-03�
1.4568�
1.031E-11�
�
0.2325581�
6.439E-07�
4.00E-03�
1.4568�
1.138E-11�
�






Table D3. Anomalous Zeeman Effect Perpendicular B Data





2a data (Lines 1,3)�
�
�
�
�
�
�
�
Voltage�
Current�
B(T)�
Trial 1�
Trial 2�
Trial 3�
STD�
Mean�
Diffrence�
�
�
�
�
�
�
�
�
�
�
�
0�
0�
�
0�
0�
0�
0�
0�
0�
�
�
�
�
24.5�
24�
28�
2.17945�
25.5�
25.5�
�
�
�
�
45�
43�
49�
3.05505�
45.6667�
20.166667�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
2S data (Line 2)�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Voltage�
Current�
B(T)�
Trial 1�
Trial 2�
Trial 3�
STD�
Mean�
Distance 2s�
�
�
�
�
�
�
�
�
�
�
�
4.973�
ND�
0.26717�
0�
0�
0�
0�
0�
0�
�
�
�
�
7�
9�
9.5�
1.32288�
8.5�
8.5�
�
�
�
�
�
�
�
�
�
�
�
7.066�
ND�
0.3783�
0�
0�
0�
0�
0�
0�
�
�
�
�
11�
13�
12.5�
1.04083�
12.1667�
12.166667�
�
�
�
�
�
�
�
�
�
�
�
8.971�
ND�
0.47946�
0�
0�
0�
0�
0�
0�
�
�
�
�
12.5�
9�
15�
3.01386�
12.1667�
12.166667�
�
�
�
�
�
�
�
�
�
�
�
10.96�
ND�
0.58524�
0�
0�
0�
0�
0�
0�
�
�
�
�
19.5�
17.5�
19.5�
1.1547�
18.8333�
18.833333�
�






Table A5. Anomalous Zeeman Effect Perpendicular B Data





S/A�
λo�
D�
n�
Δλ�
�
0.18613139�
5.46E-07�
4.00E-03�
1.4602�
6.5E-12�
�
0.26642336�
5.46E-07�
4.00E-03�
1.4602�
9.3E-12�
�
0.26642336�
5.46E-07�
4.00E-03�
1.4602�
9.3E-12�
�
0.41240876�
5.46E-07�
4.00E-03�
1.4602�
1.4E-11�
�
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