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I. Background & History

A. Quantum Theory

1. states that light is a particle and wave

2. states that energy is transmitted in bundles

3. states that there must be uncertainty when knowing a particle’s speed and position

a. knowing one must eliminate knowledge of the other

b. known as Heisenberg’s Uncertainty Principle

B. Wave Theory

1. states that light is a wave, not a particle

2. in classical physics, as before idea of Quantum Theory

C. Albert Einstein

1. did not believe in quantum theory—didn’t like the idea that their must be uncertainty when knowing about a particle

2. was not the first person to discover the photoelectric effect—just the first to explain it

II. Basic Energy Transfer

A. transfer of energy from a photon to an electron

B. Ephoton  = hf = h(c/λ) = Photon’s Energy

1. h = Planck’s Constant = 6.36 * 10-34 J/s

2. f = frequency = c/λ = speed of light (c) divided by the wavelength (λ)

C. KEmax = Ephoton - Φ = Electron’s Maximum Kinetic Energy

D. Φ = Work Function = Amount of energy needed to release the electron from the atom

1. As Φ increases:

a. the amount of energy needed to release the electron increases

b. the minimum frequency increases

c. the maximum λ decreases

· As the frequency (c/λ) decreases, λ increases, and vice versa.

2. As the number of electron shells increases:

a. less force on the electrons in the outer shell

b. Φ decreases

· Heavier elements have a lower Φ.

III. Energy Measurement

A. Cutoff Frequency

1. λmax = Φ/hc = maximum wavelength of photon to release an electron

2. f = c/λ

a. λmax = fminc

b. λmax = fminc = Φ/hc = maximum wavelength

c. f min c = Φ / h c 
d. fmin = Φ/h = minimum frequency = cutoff frequency

B. Stopping Voltage

1. used to measure the strength of the electrical flow

2. the counter voltage applied to reduce the electron’s kinetic energy to 0

3. Stopping Voltage = Vstop = KE /e = kinetic energy of the electron divided by the magnitude of the electron’s charge

4. KE – Vstop = 0

5. As the kinetic energy increases, so does the stopping voltage

a. the higher the stopping voltage, the higher the kinetic energy of the electron

b. KE = Vstop
· This is what allows the stopping voltage to be used to measure the energy of an electron.

IV. Solar Cells

A. Three layers

1. glass layer

a. protects from damage

b. top layer

2. n-layer

a. negatively charged

b. has too many electrons

c. releases electrons

d. negative terminal of circuit

e. middle layer

f. has a wire leading to the p-layer

3. p-layer

a. positively charged

b. has lack of electrons

c. accepts electrons

d. positive terminal of circuit

e. bottom layer

f. joined with n-layer along a junction plane

B. Both n and p layers are made of a semiconductor

1. usually germanium, copper oxide, or silicon with impurities

2. amount and type of impurities determine which layer is negative and which is positive

C. Light hits p-layer

1. If f > fmin , then an electron is released

2. The released electron moves from the p-layer to the n-layer along the junction

a. a magnetic field is caused by flow of electrons from n-layer to p-layer through a wire

b. the magnetic field forces the released electron to move to the n-layer, rather than stay idle or to return to a p-layer atom

3. There is now a lack of electrons in the p-layer, and an excess of electrons in the n-layer

a. p-layer is now positively charged, hence its name

b. n-layer is now negatively charged

c. an electron from the n-layer is discharged into the wire

d. the energy that the electron has is able to be used

e. an electron from the wire returns to the p-layer to fill the “hole” or “gap” left by an electron that was released

V. The Proof that Quantum Theory is [at least somewhat] Correct

A. Cutoff Frequency

1. fmin = Φ/h

2. it is not the cutoff amplitude or cutoff magnitude, but cutoff frequency
3. whether a photon frees an electron depends solely on its frequency (or wavelength)

a. This is proposed by quantum theory

b. Wave theory states that this determination does not require a certain frequency for the photon

B. Electron’s Kinetic Energy

1. KEmax = Ephoton – Φ

2. Ephoton  = hf

3. The electron’s energy depends on the energy of the photon that bombards it

a. the energy of the photon is dependent upon its frequency

b. Quantum theory suggests this

· Quantum theory states that a high frequency photon has more energy than a photon with a smaller frequency.

c. Wave theory states that the energy of a photon does not depend on its frequency, therefore it also declares that the energy of a freed electron doesn’t depend on the frequency of its bombarding photon.

4. the electron’s energy depends not on the amount of light available

· An electron’s energy depends solely on the energy content of the light that strikes it.

a. Quantum theory states that  Ephoton – Φ  gives the electron its extra movement

b. Wave theory declares that frequency should not affect the emission of electrons, but amplitude should

C. Immediate Release of Energy

1. the release of energy (flow of electrons) starts as soon as the photon strikes the electron

a. no delay in the process

b. Quantum theory declares that energy is transferred to an electron in a single step.

· Quantum theory states that energy is retained in bundles, or packets.

c. Wave theory predicts that extreme lengths of time be required for electrons to gain enough energy to be released

D. Current Depends on Luminosity

1. Current

a. amount of electrons released

b. depends on the amount of photons (luminosity)

c. Proposed by quantum theory

· Quantum theory states that a higher luminosity (brighter light) has more photons than a dimmer light, and that it will cause more electrons to be emitted.

d. Wave theory also predicts that a higher luminosity will result in an increase in current

VI. Conclusion

A. Quantum Theory

1. created wide acceptance

2. created concept of the photon, as well as term

B. Einstein

1. first explained photoelectric effect

2. didn’t like Heisenberg’s uncertainty principle

3. ironic that he created acceptance of quantum










