
Blackbody radiation 
Photoelectric effect 

Production of X-rays 



 
Any object from which electromagnetic radiation is 

due solely to the thermal motion of its charged 
particles. (paraphrased from text) 

An ideal object (or receptacle) that absorbs all the 
radiation incident upon it. An object that has both an 
absorptivity and an emissivity of 1. (Physics 
Dictionary) 

An ideal object that is a perfect absorber and a 
perfect emitter of radiation. (Katz) 
 

Blackbody 



 
 

Blackbody 



 
 The hole appear black. Doesn’t matter what the color 

or the pot is or the color of the light in the room.  

Blackbody 



 
As the walls of the pot are heated, the color of the 

hole changes:  

Blackbody 

Color only depends on temperature 



 
Call a blackbody 

spectrum 
Horizontal axis is 

frequency (or 
wavelength) 

Vertical is “spectral 
energy density”, which is 
energy per frequency 
range (or intensity) 

Classical theory = 
ultraviolet catastrophe 

Blackbody radiation 
curves 
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Assumed E = nhf where n is an integer 
 The assumption produced  

 
 

Which fit the experimental curve, and 
  h = 6.63 x 10-34 J∙s “Planck’s constant” 

Planck’s Early Quantum 
Idea 
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Due 29SEP15 (Tuesday)  
More to come 

Homework Ch 3: 11, 12 



 

Classical predictions: 
  (1) Light’s intensity does not depend on wavelength, 

so rate at which electrons are liberated should not 
depend on wavelength.  

 (2) At low intensity, there should be a measurable 
time lag.  

 (3) As intensity is increased, the energy of the ejected 
electrons ought to increase.  

Photoelectric Effect 

IntensIty matters, but wavelength does not.  



 

Observations: 
  (1) Work function φ is minimum energy to free 

electron.  
 (2) Weak light of 500 nm ejects electrons (with no 

time lag).  
 (3) But strong light of 600 nm cannot eject any.  
Wavelength matters, but intensity does not.  

Photoelectric Effect 



 

Einstein’s theory: 
  (1) Light is made of photons (particles) of energy 
    E = hf.  
 (2) A single electron is ejected by a single photon 

(photon vanishes). 
 (3) If E < φ, then electron cannot be freed.  
 (4) If E > φ, then the electron is freed and has KE: 
   Kmax

 = hf − φ 
Wavelength matters, but intensity does not.  

Photoelectric Effect 



 
 Light of 380 nm wavelength is directed 

at a metal electrode. To determine the 
energy of electrons ejected, an opposing 
electrostatic potential difference is 
established between it and another 
electrode. The current of the 
photoelectrons from one to the other is 
stopped completely when the potential 
difference is 1.10 V. Determine (a) the 
work function of the metal and (b) the 
maximum wavelength that can eject 
electrons from this metal.  

Example 3.1 



 
Due 29SEP15 (Tuesday)  
Complete assignment is Ch 3: 11, 12, 16, 20 and 24  

Homework Ch 3: 16, 20, 
24 



 
High speed electrons collide with metal target.  
 The deceleration produces bremsstrahlung 

(breaking) radiation.  
 

X-rays 



 
Classical theory cannot 

predict the cutoff 
wavelength.  

Quantum theory says a 
single electron’s energy  
goes into producing a 
single photon.  

 If energy of electron is 25 
keV, then  

 

X-rays 

25 × 103 =
ℎ𝑐𝑐
𝜆𝜆 =

1240 eV ∙ nm
𝜆𝜆  

𝜆𝜆= 0.050 nm 
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