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Planck’s constant has been measured through the observation of the stopping potential produced by the photoelectric effect of light at different frequencies.  The experiment involved using a Mercury lamp as a light source and altering the light wavelengths with filters.  Through statistical analysis of the data, Planck’s constant was calculated to be 2.45306e-15 +/- 2.45e-17 eV*s. 
Introduction and Theory

When a light is shone on metallic surfaces, electrons are emitted from the surface.  Photons bombard metallic atoms, elevating the orbiting electrons into energy levels high enough to escape.  This phenomenon is known as the photoelectric effect and escaping electrons are known as photoelectrons [1].  The effect was first discovered in 1887 by Hertz accidently while studying the electromagnetic effects in spark gaps.  Hertz found that when he produced sparks inside a dark chamber, they were smaller than those exposed to light.  This was the first correlation between electricity and light.  Later, in 1899, J.J. Thomson and Phillip Lenard discovered that the kinetic energy of emitted electrons is dependent upon the type of metal rather than the frequency of the light shone on the metal[2].  

Our experiment conducted used a circuit such as that diagramed in fig. 1.  Light is projected on a photo diode.  When the photons strike the metal electrons in the photodiode, they are excited to energy levels high enough to escape the metal atom and jump from the emitter to the collector (fig. 2).  The photodiode is part of a circuit that includes a voltmeter.  The stopping potential is potential applied to the circuit opposite of the photelectrically-generated potential.  The magnitude of the stopping potential is equal to the kinetic force gained by the ‘escaping electron’.

Planck’s theory on quantization states that the energy in a photon is proportional to the frequency of the electromagnetic wave:

E = hfo

Furthermore, kinetic energy generated by the photons is related to the stopping potential as such:

Kmax = eVs

The maximum kinetic energy of the ejected electrons can be described by the following equation:

Kmax = hf - (
where h is Planck’s constant (in J*s), f is the frequency of the photon. and ( is known as the work function of the metal being bombarded with photons.  In this experiment the apparatus in figure 5 is used.  Lights of various, precisely-known wavelengths are transmitted onto the emitter and the stopping potential at different wavelengths is measured.  Wavelengths are converted to frequency using the equation

c = (f

where c is the speed of light, ( is the wavelength, and f is the frequency.  The resulting voltage and frequency are graphed to obtain a rate of voltage to frequency, giving us Planck’s constant in units eV*s.

Experimental Setup

Four pieces of equipment are used in the experiment.  The first apparatus is the mercury lamp (Fig. 1), which served as the source of light for the experiment.  The bulb inside the lamp contained super heated gaseous elemental mercury which, when a voltage is applied, produces a light that of nearly homogenous wavelength.  The mercury lamp is important because it produces sufficient quantities of ultraviolet rays of the essential frequency for the photoelectric effect to occur.  The mercury lamp has a track on the side that serves to hold the filter carriage against the lamp.  Thus, light passes through the lens, is converted to a specific wavelength, and enters the h/e apparatus.  

The second piece of apparatus used is the Pasco Scientific h/e Apparatus.  The purpose of the h/e apparatus is to house the vacuum photodiode.  The photodiode consist of the metal which absorbs light waves (the emitter) and the metal which absorbs the ejected electrons (the collector).  The light detecting apparatus sits atop a stand in order to raise the light-collecting column to the exact height of the opening on the mercury lamp.  The apparatus has four electrical terminals and a button labeled “Zero Button,” which when pressed discharges any built up charge on the internal detector. 

Filters serve as the control variable for the experiment (fig 3).  The filters have two distinct sides, one colored and the other mirrored.  The exact wavelength (given in angstroms) of the light filtered by the lens is engraved on the side of each lens.

Finally, the last piece of apparatus used is the lens carriage.  The purpose of the filter carriage is to hold the filter in place against the light source.  

Procedure and Data

The procedure was performed three times, once by each person, for statistical purposes.  Five glass filters were used, each colored differently and filtering a distinct wavelength of light.  The wavelength was the independent variable.  The lens was placed into the glass carriage, beginning with the lower wavelengths.  Care was taken to ensure that the colored side of the lens was facing the same direction with respect to the light, for each different lens.  This was done to reduce any error due to reflection from the mirror.  The lens-carriage was slid into the lens track entrance, and over the light source.  


The light detecting apparatus was zeroed in order to discharge any charge that might have built up on the photon absorbing metal (fig 2) and to fully calibrate the detector to total darkness.  In order to do the latter, the light-collecting column was rotated away from the apparatus and the opening to the detecting mechanism was sealed off from light with a piece or rubber.  The “Zero Button” was pushed and the voltammeter was observed.  Ideally, the voltage would have dropped close to zero when no light was present.  In order to change the filter we slid the lamp and the apparatus away from each other.  This might have resulted in different distances, which might have produced some error.


After the light detecting apparatus was calibrated and the filter was in place, the light collecting column on the light detecting apparatus was moved up to the light-opening on the Hg Lamp.  Care was taken to prevent light from entering the light detecting apparatus in order to ensure accurate and consistent data.  After the light was placed flush to the light detecting column, the potential on the voltmeter was noted.


This procedure was performed by each student with the 365nm, 405nm, 435.8nm, 546.1nm, and 577.7nm lenses.  All data results are listed in Table 1.  The data from the individual results were averaged,  graphed and converted to frequency using the equation:

c  =  (f

where c represents the speed of light, ( represents wavelength, and f represents frequency.  The resulting frequencies were plotted against average stopping potentials, forming a line defined by the equation:

Vs = (h/e)f + (
Using the method of least squares (statistical work is found in Appendix 1) a formula for the line was formed, where Vs  is the stopping potential, h is Planck’s constant, f is frequency, and ( is work function. 

Table 1 : Voltage Data From Individual Experiments

Wavelength (nanometers)
v(1)   (volts)
v(2)   (volts)
v(3)   (volts)
V(avg)   (volts)
freq.      (Hz.)  

365
1.342
1.321
1.329
1.331( .027 
8.19E+14

405
1.395
1.096
1.101
1.197 ( .024
7.38E+14

435.8
1.279
1.287
1.191
1.252 ( .025
6.86E+14

546.1
0.705
0.741
0.675
0.706 ( .014
5.48E+14

577.7
0.622
0.641
0.638
0.634 ( .013
5.17E+14

Note that three trials were taken (1, 2, 3).   V(avg) is the average of the three trials with the error representing a two-percent error in apparatus precision.  

Note that the data was plotted using the average of the voltage.  Error bars were created using the data farthest from the average.  The y-high error is the data farthest above the average while the y-low error is the data lowest from the average.  
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Graph 1 : Average Voltage vs. Frequency

Our analysis found h/e to be 2.45306e-15 +/- 2.45e-17 eV*s and the work function was found to be .598698 +/-  5.986e-3 eV.

Interpretation and Discussion  

In the experiment, about 2% error was estimated because of the accuracy of the instrumentation and shortcomings of the apparatus.  The voltmeter was accurate only to the thousandths of a volt.  Furthermore, poor design of the h/e apparatus allowed light from outside to enter the chamber, which could have caused inconsistencies in the voltage bias.  Zeroing the h/e apparatus was difficult and gave discrepant zeroing.  Systematic error resulted from a change in procedure involving the lens.  The procedure was altered to not observe which side (tinted or untinted) of the filter to place towards the lamp.  

Conclusion

In summary, the photoelectric effect first discovered by Hertz was employed to calculate the value of Planck’s constant.  Data was gathered on the potential generated by the photoelectric effect of several light wavelengths.  Through statistical analysis of the three independent sets of data gathered, we conclude that the constant h/e is 2.45306e-15 +/- 2.45e-17 eV*s.  

We make a few recommendations for those attempting to replicate or extend our work.  First, the h/e apparatus should be altered to prevent light from entering or placed in a light-tight container.  Second, with further investigation an optimal distance between the apparatus should be determined.  Next, it should be determined whether the orientation of the filters is consequential.  Finally, by taking more data one could statistically limit a significant portion of the error.  
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Appendix One: Statistical Data

Wavelength
v(s)
v(p)
v(j)
v(avg)
freq.

365
1.342
1.321
1.329
1.331
8.19E+14

405
1.395
1.096
1.101
1.197
7.38E+14

577.7
0.622
0.641
0.638
0.634
5.17E+14

435.8
1.279
1.287
1.191
1.252
6.86E+14

546.1
0.705
0.741
0.675
0.706
5.48E+14
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y avg





6.615E+14
1.024
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1.5978E+14
6.5135E+28












Slope
Y Intercept





2.45306E-15
-0.59869855





Appendix Two:  Schematic Diagrams and Figures







