LED’s and Planck’s Constant: A Much Simpler Version 

Figure 1 shows results for this simple version and for PI’s version.
[image: image1.png]Voltage (V)

Measuring h (4.136) with LED's

3
2.8 Simple Version ] "
2.6 V=0.443f-0.266
24 R?=0.856
2.2 error of +7%
1_; PIVersion
16 V= 0.449f - 0.615
1.4 R?=0.93
12 errorof +8.6%
1+ T T T T 1
3.00 4.00 5.00 6.00 7.00 8.00

Frequency (x 10714 Hz)




[image: image2.png]Yellow LED

o

o Voltage (V)

o

10 20 30
Current (1)





Why do the slopes give Planck’s constant? In an LED, the energy of an electron, eV, is changed into the energy of a photon, hf. An LED is like the photoelectric effect run backwards. There are resistive energy losses and so the graph of V vs. f has an intercept. This intercept is equivalent to the work function. Similarly, just as the photoelectric effect has a threshold frequency, the LED has a turn-on voltage. Figure 2 shows the response of a typical LED to various voltages. When there is not enough energy, then there is almost no current and there is no light emitted. However, when there is enough energy, there is lots of current.  Increasing the voltage further makes the light get brighter but it doesn’t change its colour. More photons are emitted but they do not have more energy. PI’s version of the experiment has the students adjust the voltage to find the minimum voltage that will cause the LED to emit a photon. This is like adjusting the voltage in the photoelectric effect to find the maximum kinetic energy of the photoelectrons. 

Why does the simple experiment still work, when the batteries are providing up to three times the turn-on voltage required? First of all, most of the extra energy is soaked up by the resistor in the circuit – that’s what it is there for.  The voltage drop across the LED also increases somewhat, but if you look at figure 1, you’ll see that each LED is uses roughly the same amount more – around 0.3 V. Because this increase is constant, it increases the intercept but doesn’t change the slope. 
It takes more time, care and equipment to perform PI’s version of the experiment but it has many advantages that make it worth the added effort. It results in more reliable data. It allows the students to observe the effect of a changing voltage on the LED, which is so different from an incandescent bulb. It also provides more similarities to the photoelectric effect – a key part of the curriculum – and it is easier to explain. However, if you are strapped for time or equipment the simpler version is an excellent alternative. This version also allows you to incorporate ir and uv LED’s more easily. I recommend that you use them because the added data range from these LED’s will help ensure that your results are still pretty good.
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Figure 2: Response of a typical LED.





Figure 1: Comparing results of the two versions.








