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Photoelectric effect 

Explaining the experiments on the photoelectric effect . How these 

experiments led to the idea of light behaving as a particle of energy called a 

photon. 

 Based on the wave model of light, physicists predicted that increasing 

light amplitude would increase the kinetic energy of emitted 

photoelectrons, while increasing the frequency would increase 

measured current. 

 Contrary to the predictions, experiments showed that increasing the 

light frequency increased the kinetic energy of the photoelectrons, and 

increasing the light amplitude increased the current. 

 Based on these findings, Einstein proposed that light behaved like a 

stream of particles called photons with an energy of E=hν. 

 The work function, Φ, is the minimum amount of energy required to 

induce photoemission of electrons from a metal surface, and the value 

of Φ depends on the metal. 

 The energy of the incident photon must be equal to the sum of the 

metal's work function and the photoelectron kinetic energy:

 

The photoelectric effect 

When light shines on a metal ,electrons can be ejected from the 

surface of the metal in a phenomenon known as the photoelectric 

effect. This process is also often referred to as photoemission, and the 

electrons that are ejected from the metal are called photoelectrons. In 

terms of their behavior and their properties, photoelectrons are no 



2 
 

different from other electrons. The prefix, photo-, simply tells us that 

the electrons have been ejected from a metal surface by incident light. 

 

In the photoelectric effect, light waves (red wavy lines) hitting a metal surface cause electrons to be 

ejected from the metal. 

Based on the classical description of light as a wave, Scientists made the 

following predictions: 

 The kinetic energy of emitted photoelectrons should increase with the light 

amplitude. 

 The rate of electron emission, which is proportional to the measured electric 

current, should increase as the light frequency is increased. 

To help us understand why they made these predictions, we can compare a 

light wave to a water wave. Imagine some beach balls sitting on a dock that 

extends out into the ocean. The dock represents a metal surface, the beach 

balls represent electrons, and the ocean waves represent light waves. 
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If a single large wave were to shake the dock, we would expect the energy 

from the big wave would send the beach balls flying off the dock with much 

more kinetic energy compared to a single, small wave. This is also what 

physicists believed would happen if the light intensity was increased. Light 

amplitude was expected to be proportional to the light energy, so higher 

amplitude light was predicted to result in photoelectrons with more kinetic 

energy. 

Classical physicists also predicted that increasing the frequency of light 

waves (at a constant amplitude) would increase the rate of electrons being 

ejected, and thus increase the measured electric current. Using our beach ball 

analogy, we would expect waves hitting the dock more frequently would 

result in more beach balls being knocked off the dock compared to the same 

sized waves hitting the dock less often. 

When experiments were performed to look at the effect of light amplitude 

and frequency, the following results were observed: 

 The kinetic energy of photoelectrons increases with light frequency. 
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 Electric current remains constant as light frequency increases. 

 Electric current increases with light amplitude. 

 The kinetic energy of photoelectrons remains constant as light amplitude 

increases. 

These results were completely at odds with the predictions based on the 

classical description of light as a wave! In order to explain what was 

happening, it turned out that an entirely new model of light was needed. That 

model was developed by Albert Einstein, who proposed that light sometimes 

behaved as particles of electromagnetic energy which we now call photons. 

The energy of a photon could be calculated using Planck's equation: 

 

 

Q  As the wavelength of a photon increases, what happens to the 

photon's energy? 
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Light frequency and the threshold frequency ν0 
We can think of the incident light as a stream of photons with an energy 

determined by the light frequency. When a photon hits the metal surface, the 

photon's energy is absorbed by an electron in the metal. The graphic below 

illustrates the relationship between light frequency and the kinetic energy of 

ejected electrons. 

 

The frequency of red light (left) is less than the threshold frequency of this 

metal (νred<ν0) so no electrons are ejected. The green (middle) and blue 

light (right) have ν>ν0 , so both cause photoemission. The higher energy blue 

light ejects electrons with higher kinetic energy compared to the green light. 
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Since increasing the light amplitude has no effect on the energy of the 

incoming photon, the photoelectron kinetic energy remains constant as the 

light amplitude is increased (see graph (b) above). 

If we try to explain this result using our dock-and-beach-balls analogy, the 

relationship in graph (b) indicates that no matter the height of the wave 

hitting the dock-whether it's a tiny swell, or a huge tsunami-the individual 

beach balls would be launched off the dock with the exact same speed! Thus, 

our intuition and analogy don't do a very good job of explaining these 

particular experiments. 
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