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The Photoelectric Effect

• Photoelectric effect: electrons are emitted from 
any surface (especially clean metal surface) 
when light of a sufficiently high-frequency (e.g. 
short wavelength) shines on that surface



Typical Experimental Setup

• Incident light triggers the emission of (photo)electrons from the cathode
• Some of them travel toward the collector (anode) with an initial kinetic 

energy
• The applied voltage V either accelerates (if positive) or decelerates (if 

negative) the incoming electrons.
• The intensity I of the current measured by the ammeter as a function of the 

applied voltage V is a measurement of the photoelectron properties, and 
therefore a measurement of the properties of the photoelectric effect.



Measurements

• Work done mostly by Philipp Lenard
� Received the Nobel prize in Physics in 1905

• Known properties since about 1902

• When applying a negative (retarding) potential, 
it is possible to stop all the incoming electrons: 
Kmax(e

-) = eV0

[See Applet]



Measurements



Measurement 1

• The amount of photoelectrons is proportional to the 
incident light intensity (same frequency)

• The retarding potential does not depend on the incoming 
light intensity: Kmax is not a function of

• Classical: Kmax should be a function of  



Measurement 2

• The retarding potential depends on the frequency:
– Higher frequencies generates higher energy electrons

• Classical theory: cannot explain this either !



Work Function

• Work function f : minimum extra kinetic energy 
that allows electrons to escape the material.

eV (electron-Volt: energy gained by an electron in an accelerating potential of 1V)
New unit of energy: 1 eV = 1.6 x 10-19 J



Measurement 3

• The smaller the work function f of the emitter material, the 
smaller is the threshold frequency f of the light that can 
eject photoelectrons

• No electrons are produced below this frequency whatever 
the intensity of the incident light.

• Classical theory: cannot explain this either !



Measurement 4

• Photoelectric current is proportional to the light intensity
– the number of photoelectrons produced is proportional to the 

intensity of the incoming light

• Classical theory: Yes !
[See Applet]



Einstein’s theory (1905*)

• Takes Planck’s ideas a step further

• Suggests that the electromagnetic radiation field itself is 
quantized.

• Quanta of light carry a energy E=hn (photons)
– h: Planck’s constant ; n: frequency of light
– Travels at the speed of light: ln = c

• Photoelectric effect: when a photon collides with an 
electron, it gives away all its energy (which is transferred to 
the electron as kinetic energy)
– Collision: Photon = Particle !

* Einstein published his works on relativity, on the photoelectric effect 
and on the Brownian motion in 1905 (the miracle year).



Explanation of the Brownian Motion (p. 549)

Theory of the Photoelectric Effect (p.132)

Special Theory of Relativity (p.891)

Published in the same volume 
of “Annalen der Physik”, volume 17 (1905)



Einstein’s Theory (II)

• Conservation of the energy:

• Kinetic Energy of the electron (non-relativistic)

hn = f + Ke-

Energy of the incoming photon

Work function (e.g. energy necessary 
for the electron to escape the material)

Kinetic Energy of the electron

Experimentally: Ke-max
= (1/2)me-vmax

2 = eV0

Retarding Potential



Einstein’s theory (III)

hn = f + Ke-(max)
� hn – f = eV0

hn – f = eV0

With f = hn0, one gets:

� h(n-n0) = eV0

Albert Einstein 1879-1955: Nobel Prize in Physics (1922) 
for the theory of the photoelectric effect and “other significant contributions”



Exercises

What is the threshold frequency for the photoelectric effect on lithium (f =2.93eV)? 
1. n= 5.41 x 1017 Hz
2. n= 7.08 x 1014Hz
3. n= 2.01 x 106 Hz
4. Don’t know

What is the stopping potential if the wavelength of the incident light is 400nm?
1. V= 2.72 x 10-20 V
2. V= -1.34 V
3. V= 0.17 V
4. Don’t know 

hn = f + Ke- ( h = 6.62 x 10-34 J.s )
( 1eV = 1.6 x 10-19 J )


