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INTERFERENCE 
 

Suppose we try to combine (“superpose”) 
two light waves.  If we sit at a particular 
point, then at any given time the electric 
field will be the sum of the fields on the 
two waves.  So it depends on their relative 
phase:  e.g. 
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Amplitude E of total field at X depends on 
difference of phase (1 - 2), which in turn 
depends on difference in path length traversed 
 E, hence energy deposited, depends on 
position of X on plate  pattern of light (E = 
max, high-energy) and dark (E = 0, no energy) 
bands on plate. 
 
Note:  If either slit S1 or S2 is closed, electric 
field E, and hence distribution of energy on 
plate is (nearly) uniform (independent of 
position X)  
 
 

INTERFERENCE, cont. 
 

 Famous example of interference:  
Young’s slits: 
 
 S1 
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X
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↙   
photographic plate 
(or scintillating 
screen) 

source 
↘ 



A5 

POLARIZATION 
 

 The electric field also has a direction associated 
with it:  e.g. for the wave propagating into the 
screen, we can have 
 
 x 
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But we can also have e.g. 
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But what if the polarization is at an angle q in the  
xy-plane?. 
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SUPERPOSITIONS ARE NOT “MIXTURES”! 
 

 In the Young’s slits experiment, the effect of light coming 
through both slits is not simply the sum of the effects of the 
two beams coming through the two slits individually. 
 

 Another example:  transmission through a polarizer 
 
 

for a beam with polarization               50% of energy is reflected 
 
 

for a beam with polarization                   50% is also reflected 
 
 
 
But, a superposition of       and       is just                       for which                                     
 
no energy is reflected at all! 
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which is the product of the 
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Single photon incident on  
birefringent crystal (“polarizer”): 
 

Probability of transmission = cos2q 
 

(quantum version of Malus’ law) 
 

Digression: Can a classical probabilistic 
theory explain this? 
 

YES! 

If      closer to  , transmitted:  if closer to        , 
reflected.  If transmitted, distribution of “hidden” 
variable is adjusted: 

 

 

 With suitable choice of random distribution, 

can reproduce PT(q) = cos2 q     f(c) = cos 2 (q - c) 

  

“true” polarization 

q 

nominal polarization 

random distribution of 

“hidden” (“true”) 

polarization variable 
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PHOTONS IN THE YOUNG’S SLITS EXPERIMENT 

 
 

S1 

S2 

↑ 
X
↓ 

↙   
photographic plate 
(or scintillating 
screen) 

source 
↘ 

 If we turn down the strength of the source until 
photons come through one at a time, we can see them 
arriving individually on the screen.  Initially, arrival seems 
random, but eventually a pattern builds up, with 

probability of arrival at X  brightness of classical 
interference pattern 

Since classically the brightness  energy E2  this suggests 
that in quantum mechanics 
 

PROBABILITY  (AMPLITUDE)2 

 
 NOTE:  If either slit closed, probability is uniform (ind. 
of X).  Thus in QM, cannot add probabilities of two 
mutually exclusive events (paths), but 

must add amplitudes not probabilities! 
Couldn’t we arrange to detect which slit a particular 
photon came through?  Yes (in principle), but then we 
destroy the interference pattern!  (i.e. prob. of arrival is 
ind. of X) 
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2-PHOTON STATES FROM CASCADE DECAY OF ATOM 
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transmission  axis   
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DEFINITION:   If photon 1 is switched into counter “A”, then: 
 If counter “A” clicks, A = + 1                 (DF.) 
 If counter “A” does not click,  A = – 1    (DF.) 
NOTE: 
If photon 1 switched into counter “B”, then A is NOT DEFINED. 
Experiment can measure 
<AC>exp  on one set of pairs  (1 “A”, 2  “C”) 
<AD>exp on another set of pairs (1“A”, 2“D”) 
etc. 
 Of special interest is 
 

Kexp  <AC>exp + <AD>exp + <BC>exp – <BD>exp 
 

for which Q.M. makes clear predictions. 
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EXPERIMENTS ON CORRELATED PHOTONS 
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POSTULATES OF “OBJECTIVE LOCAL” THEORY: 
 (1) Local causality 
 (2)  Induction 
 (3)  Microscopic realism OR macroscopic 

“counter-factual definiteness” 
  
BELL’S THEOREM 
  
1. (3)   For each photon 1, EITHER A = + 1 OR A = – 1, 

independently of whether or not A is actually measured. 
  
2. (1)   Value of A for any particular photon 1 unaffected by 

whether C or D measured on corresponding photon 2.  :  
etc. 
 

3. ∴ For each pair, quantities AC, AD, BC, BD exist, with A, B, C, 
D, =  1 and A the same in (AC, AD) (etc.) 

  
4. Simple algebra then  for each pair, AC + AD+ BC+ –  

BD  2 
  
5. Hence for a single ensemble, 
 <AC>ens + <AD>ens + <BC>ens – <BD>ens  2 
 

6. (2)  <AC>exp = <AC>ens, hence the measurable quantity 
Kexp  <AC>exp + <BC>exp + <BC>exp – <BD>exp 
satisfies 
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