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Curved Spacetime 
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Fields  Operators 
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Exercise:1 
Compute 
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Exercise:  
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Exercise: For the real scalar field, find the energy of the vacuum. 

  
But 

Exercise 
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A time-ordered product is a mathematical 

representation of the physical fact that a 

particle has to be created before it gets 

destroyed. Time ordering is accomplished 

using the time-ordering operator which acts 

 on the product 
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A complex field corresponds to a charged field. 

Particles and antiparticles have opposite charge. 

The total charge is found by subtracting the 

charge due to antiparticles from the charge due 

to particles. The charge operator 

8/17/2016 5th School on LHC Physics 



8/17/2016 5th School on LHC Physics 



The Klein-Gordon equation results from a straightforward 

substitution of the quantum mechanical operators for energy 

and momentum into the Einstein relation for energy, 

momentum, and mass from special relativity. This leads to 

inconsistencies such as negative probabilities and negative 

energy states. We can get around the inconsistencies by 

reinterpreting the equation. Rather than viewing it as a single 

particle wave equation, we instead apply it to a field that 

includes creation and annihilation operators similar to the 

harmonic oscillator of quantum mechanics. There is one 

difference, however, in that the creation and annihilation 

operators now create and destroy particles, rather than 

changing the energy level of an individual particle. 
. 
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Schwarzschild Solution  
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In partial derivative form above equation changes into 

Where RN metric is given by 
Also 

As for the scalar field 

 the equation is Klein 

Gordon i.e 

A scalar field Φ propagates in RN spacetime 

The equation which govern through the 

evolution of massless scalar field is, 
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