
Physics 742 – Graduate Quantum Mechanics 2 
Solutions to Chapter 17 

 
3. [15] Suppose we measure the instantaneous electric field using a probe of finite size, so 

that we actually measure ( ) ( ) ( ) 3
f f d≡ +∫E r E r s s s , where ( ) 2 23 2 3 af a eπ − − −= ss , where 

a is the characteristic size of the probe.  For the vacuum state, find the expectation 
value of ( )fE r  and ( )2

fE r .  You should take the infinite volume limit, and make 
sure your answer is independent of V. 

 
 I will follow the work of section 17G.  We start by writing out ( )fE r  in more detail: 
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We can do the s integrals in Cartesian coordinates with the help of (A.28) to yield 
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Hence we have 
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When this acts on the vacuum state, the annihilation part vanishes, so we have 
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It is then trivial that ( ) 0f =E r , but 
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Summing over polarizations just yields a factor of two, and replace k ckω = .  We now take the 
infinite volume limit, which turns the sum into an integral.  We have 
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As expected, the fluctuations get bigger the smaller the probe, and become infinite as 0a → . 


