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Goals

Explore the relationship between photoelectric current, photon
frequency, and retarding voltage
Calculate the value of Planck’s constant, h
Determine the work function, φ, of the potassium cathode
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The Photoelectric Effect

High energy photon hits metal
Photoelectron emitted from
metal

Photoelectron Energy

Ephotoelectron = hν − φ (1)
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Experimental Setup
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Mercury Lamp Spectrum

"The Photoelectric Effect", MIT Department of Physics, 8/29/07

Peaks at 577.0± 2, 546.1± 2, 435.8± 2, 404.7± 2, and 365.0± 2 nm
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Induced Current’s Response to Retarding Voltage
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A Closer Look. . .
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. . . and 577nm

Data from this
frequency looks
unreliable
The reason is
unclear, but data
looks sufficiently
different from
expected shape
to be deemed
untrustworthy
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Analysis

Ultimately want to find h and φ
Note that Ephotoelectron = hν − φ− Vretarding

Looking at a plot of ν versus zero-point voltages...
Vretarding = hν − φ
So h will be the slope of the curve
φ will be the x-intercept
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Results

Wavelength [nm] Frequency [Hz] Zero-Point Voltage [V] Error [V]
577.0 5.199× 1014 0.72 131

546.1 5.494× 1014 0.71 322

435.8 6.884× 1014 0.95 2.07
404.7 7.413× 1014 1.09 0.67
365.0 8.219× 1014 1.44 1.30
577.0 5.199× 1014 0.72 131

546.1 5.494× 1014 0.72 322

435.8 6.884× 1014 0.96 2.07
404.7 7.413× 1014 1.08 0.67
365.0 8.219× 1014 1.44 1.30
1 This is from the unusual plot that was deemed unreliable
2 Inspection of the filter for this wavelength revealed that the filter had been
burned, rendering this data unreliable
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Results

The linear model fits the data very well, with the exception of the two
points with the large error
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Error Analysis

The zero-point voltages had slightly nonzero currents
Errors were set to be the difference in the number of picoamps
measured by the electrometer

The 546.1 nm data has additional error due to the burn on the
filter

Graphs suggest that the actual wave length of the light was shorter
than expected
The error was set to 32 to take into account the approximate shift in
zero-point voltage, the fluctuation of the current at this point, and
the level of distrust for the data

The 577 nm data appears to have additional error from an
unknown source

The graph of voltage versus current shows that the curve has a
spike and crosses zero twice
The end of the curve begins to decrease again, rather than leveling
An error of 13 was set to take into account the unusual behavior
and the level of distrust for this data
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Conclusions

Measured values:
h = 6.166× 10−34 ± 1.698× 10−33 Js or
3.849× 10−15 ± 1.060× 10−14 eVs
φ = 2.808× 10−19 ± 1.279× 10−18 Js or 1.753± 7.985 eV

Known values:
h = 6.626× 10−34 Js or 4.136× 10−15 eVs
φ = 3.685× 10−19 Js or 2.3 eV

%Errors:
δh = 6.94%

δφ = 21.74%
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