PLANCK’S CONSTANT

OBJECTIVE:  To use the radiation from light-emitting diodes to determine the value of Planck’s constant.

REFERENCE: Krane, Chapter 3.


THEORY:  One of the characteristics of quantum physics is that when particles such as electrons are in a confined region, their possible energies are not continuous (as in classical physics) but can take on only certain discrete values.  In a semiconductor, the valence electrons occupy a set of very closely spaced energy levels grouped together in a band called the valence band.  Above the valence band is an energy gap, where there are no allowed energy states for the electron.  Above the gap is another closely spaced group of energy levels called the conduction band.  Under normal circumstances, electrons occupy nearly all of the allowed levels in the valence band, while nearly all of the levels in the conduction band are empty.  For electrons to participate in electrical conduction, we must add energy so that they can jump from the valence band to the conduction band.  The minimum energy that must be supplied for this to happen is equal to the gap energy Eg.  Figure 1 shows a representative energy level diagram.

When we apply a voltage V to a semiconductor, no significant current flows until the voltage is large enough to push electrons across the energy gap.  An electron moving through a voltage V gains an energy E = eV where e is the magnitude of the electric charge of the electron.  The current in a semiconductor will increase suddenly when the applied voltage gives the electrons an energy of at least Eg which is sufficient to cause electrons to move from the valence band into the conduction band.  The critical voltage Vc necessary for this to happen is determined by






Eg = eVc




(1)

An electron in the conduction band can return to the valence band if an energy of at least Eg is released.  In some materials, called light-emitting diodes (LEDs), this energy can be released in the form of a photon of visible or near-visible light.  If the photon energy is h(, then the critical condition for this to occur is






Eg = h(




(2)

That is, the photon energy must be at least as large as the energy gap.  Here ( represents the frequency of the photon (( = c/().

Combining Eqs. 1 and 2, we obtain eVc = h(, or
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Plotting the critical voltage against the frequency of the light should give a straight line with slope h/e.

PROCEDURE:  The circuit is wired as shown in Figure 2.








   V1

   V2




A variable DC voltage can be applied to the circuit, causing a current I to flow through the LED and the 100-( resistor.  (Be sure NEVER to connect the voltage across the LED only – the resistor must be in series with the LED.)  We can read the applied voltage from the voltmeter V1.  Voltmeter V2 reads the voltage across the resistor and thus serves as a monitor of the current.  

1.  Plug the + terminal of the DC supply into the socket next to one of the LEDs other than the infrared one.  Gradually turn up the voltage until the LED just begins to emit light.  Your task is to determine this threshold voltage as carefully as you can.  Return the voltage to zero and repeat the measurement once or twice to check your values.  Repeat for each of the 5 LEDs that emit visible light.  As you increase the voltage, watch the current monitor (voltmeter V2) and observe the sudden increase in current when the critical voltage is reached and the LED begins to glow.

2.. The infrared LED emits no visible light, so you will not be able to tell when it conducts by looking at it.  For this case, monitor the current using V2.  Gradually turn up the applied voltage until the current takes a sudden jump from zero up to a small fraction of a milliamp (corresponding to tens of millivolts across the resistor).  Practice this measurement with one of the LEDs that emits visible light, so you can see the correlation between the current jump and the emission of light.  Then try the measurement on the infrared LED.  Determine the applied voltage necessary for the current to begin to flow.

3.  Determine the frequency for each LED from the given wavelength.  The wavelengths are not exact – they have a range of ( 15 nm, except for the blue (( 40 nm) and infrared (( 20 nm) LEDs.

4.  Plot the voltage against the frequency.  Put error bars on the voltages and frequencies.  Draw the best straight line through the points (be sure your line goes through the origin) and find the slope.  Based on the scatter of the data points and the error bars, estimate the largest and smallest values of the slope that would be consistent with your data.  

5.  From the slope of your line, determine Planck’s constant and its uncertainty.

QUESTIONS:

1.  Why do the LEDs emit at a range of wavelengths rather than a sharp value?

2.  From your measurements, determine the range of gap energies for these LEDs.

3.  Why should you draw the line through the origin?
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