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In this chapter you will Cover:

40.1 Blackbody Radiation and Planck’s Hypothesis


40.2 The Photoelectric Effect


40.5 The Wave Properties of Particles
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40.1 Blackbody Radiation and Planck’s 
Hypothesis

• Objects at any temperature emits electromagnetic waves 

in the form of thermal radiation. 

• The characteristics of this radiation depend on the 

temperature and properties of the object’s surface 

• the radiation consists of a continuous distribution of 

wavelengths from all portions of the electromagnetic 

spectrum
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40.1 Blackbody Radiation and Planck’s 
Hypothesis

• The Blackbody : is an ideal system that absorbs all radiation incident on it. The 

radiation emitted from the blackbody is called the blackbody radiation. 

• The nature of the radiation leaving the cavity through the hole depends only on the 

temperature of the cavity walls and not on the material of which the walls are made.
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40.1 Blackbody Radiation and Planck’s 
Hypothesis

Classical point of view (inadequate): 

• radiation is originated from accelerated electrons 

• The wavelength distribution of blackbody radiation was studied experimentally in the 

late 19th century. 

• Some significant experimental findings when studying the blackbody radiation: 

The total power of the emitted radiation increases with temperature. 

                                                                   Stefan’s law 

where P is the power in watts of electromagnetic waves radiated from the surface of the 

object,  is a constant equal to , A is the surface area of the object 

in square meters, e is the emissivity, and T is the surface temperature in kelvins.

𝑃 = 𝜎𝐴𝑒𝑇 4

σ 5.6696 × 10−8W/m2 . K4
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where  is the wavelength at which the curve peaks and T 

is the absolute temperature of the surface of the object 

emitting the radiation. The wavelength at the curve’s peak is 

inversely proportional to the absolute temperature; that is, as 

the temperature increases, the peak is “displaced” to shorter 

wavelengths

λmax

The peak of the wavelength distribution shifts to shorter wavelengths as the temperature 

increases.  

                                                    Wien’s displacement law𝜆𝑚𝑎𝑥𝑇 = 2.898  × 10−3m . K
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Rayleigh-Jeans Law:

• Classical attempt to explain the blackbody radiation

• Failed at low 
• This mismatch of theory and experiment was so disconcerting that scientists called it the 

ultraviolet catastrophe

λ
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Planck’s Hypothesis:
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• In 1905, Einstein Albert Einstein used Planck’s concept of the quantization of energy to 

explain the photoelectric effect.

• Einstein postulated that electromagnetic waves split into wave packets carrying “photons” 

quanta of energy
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Measuring our body temperature:

• Yes, your body emits thermal radiation

• Infrared (can not be seen by human eye.

• Now, Suppose you have a fever 1°C above normal
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Measuring our body temperature:
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40.2 Photoelectric Effect
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40.2 Photoelectric Effect
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The Stopping potential:  is the negative potential difference required to stop the 
ejection of electrons  from the metal surface when light is directed onto the metal 
in the photoelectric experiment. 

Play for Fun!

https://javalab.org/en/photoelectric_effect_2_en/

https://javalab.org/en/photoelectric_effect_2_en/


K.E vs. Light intensity?

Time (incidence - ejection)

Ejection vs. Light frequency?

K.E vs. Light frequency?

Classical point of view:



K.E vs. Light intensity?

Time (incidence - ejection)

Ejection vs. Light frequency?

K.E vs. Light frequency?

Classical point of view:

✓

✓

×

×



K.E vs. Light intensity?

Time (incidence - ejection)

Ejection vs. Light frequency?

K.E vs. Light frequency?

Quantum point of view:



K.E vs. Light intensity?

Time (incidence - ejection)

Ejection vs. Light frequency?

K.E vs. Light frequency?

Quantum point of view:

×

×
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Einstein Model for the photoelectric effect: 



Einstein Model for the photoelectric effect: 
• Light from any source is quantized, and these quanta are called “photons” 

• A photon of incident light gives all its energy  to a single electron. 

• In order to eject electron from the metal surface, we need to give it energy 

higher than the energy that binds the electron to the metal. 

• The work function ( ): is the minimum energy required to remove an 

electron f rom the metal 

hf

ϕ

hf = Kmax + ϕ

Kmax = hf − ϕ





• The cutoff frequency ( ): for a metal surface is the minimum frequency of 

incident radiation below which photoelectric effect does not occur.

 

• The cutoff wavelength ( ): is the radiation wavelength of radiation 

associated with the cutoff frequency

fc

λc

fc =
ϕ
h



Example Application of the photoelectric effect: Photomultipliers 







40.5 The Wave Properties of Particles
• De Broglie’s hypothesis: All matter exhibits wave-like 

properties, and the wave length of the matter is related 

to its linear momentum as:

The frequency is :

The principle of complementarity states that:

λ =
h
p

=
h

mv
de Broglie  
wavelength

f =
E
h



The Davisson-Germer Experiment:

• When performing an experiment by scattering the low-energy electrons from nickel 

target, the electrons were noticed to be diffracted. 

• The experiment provided the first confirmation of the wave properties proposed by 

de Broglie 





The Electron Microscope:

• Relies on the wave properties of the electrons. 

• Principle: uses accelerated electrons (very small wavelength) to reveal the 

substructure of the a thin flat sample  (up to the nano level)  


