
The photoelectric effect
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Introduction
• The photoelectric effect occurs when electrons 

are released from a metal surface due to incoming 
EM radiation (there are other ways of releasing 
electrons, eg. thermionic emission).

• It was first observed by Hertz in 1887 (when he 
found that UV light increased the size of the spark 
in the receiving loop). Hertz failed to investigate 
the photoelectric effect further.
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Typical apparatus

The potential between terminals can be varied, 
and the current between them measured.

http://www.ipodphysics.com/resources/photoel.gif
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A classical problem
Many other scientists eventually studied the 
photoelectric effect, including JJ Thompson (who 
showed that the released particles were electrons). 
Two key observations could not be explained:

• The energy of emitted electrons did not depend 
on the brightness of the incoming light, but 
rather on its frequency.

• No electrons were emitted below a certain 
threshold frequency of incoming light 
(irrespective of its brightness)
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Einstein’s contribution
In 1905, Einstein (building on the work of Planck), 
said that the photoelectric effect could be best 
explained by the quantisation of energy:

• Incoming light photons have energy E = hf

• There is a certain minimum energy required to 
liberate one electron (he called this the work 
function, Φ). It is different for each metal.

• If the photon frequency is too low, there will be 
insufficient energy to release a photon 
regardless of brightness (how many photons).
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continued...
He used the conservation of energy to say that 
the incoming energy (E = hf) was equal to the 
outgoing (kinetic) energy of the electron, plus 
the energy used to release it (work function):

hf = �+ Ek

Ek = hf � �

All terms have units of energy (joules). The 
equations are equivalent.

6



Significance
• Einstein’s equation could not be 

tested in 1905 (insufficient 
technology), but was eventually 
(and reluctantly) verified in 
1916 by Millikan. No one had 
really given the equation much 
credit until then.

http://en.wikipedia.org/wiki/File:Einstein_patentoffice.jpg

• It was the first evidence that EM radiation was 
quantised. Planck had only suggested that black 
bodies had quantised energy levels.
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Robert Millikan

“The Einstein equation 
accurately represents the 
energy of electron emission 
under irradiation with light 
[but] the physical theory upon 
which the equation is based 
[is] totally unreasonable”

http://en.wikipedia.org/wiki/File:Robert_Andrews_Millikan.jpg
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Revision Questions
1. Describe the ultraviolet catastrophe

2. What was Planck’s contribution to quantum theory?

3. What was Einstein’s contribution to quantum theory?

4. A photon of red light (650nm) strikes a metal surface. 
If the work function of the metal is 4.7eV, will there be 
a photoelectron released?

5. How did Hertz discover the photoelectric effect?
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• Both Planck and Einstein lived in Germany during 
WW1. Einstein was a pacifist while Planck 
supported the German cause.  

• With the rise of Hitler, Einstein immigrated to the 
US in the 1930’s (partially due to his Jewish 
ethnicity) and worked to oppose Hitler. Planck 
remained in Germany throughout the war.

• During this time relativistic (and quantum) physics 
were opposed in Germany as being ‘Jewish 
Science” because of Einstein’s contribution.

Planck and Einstein
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