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Basic facts about shockwaves  (SW)

SW in nonrelativistic physics – waves with rapid 

changes of pressure,  density etc. on their fronts; 

SW perturbation travels faster than a local speed 

of sound

SW are produced by supersonic sources

A sound shockwave 

from a supersonic bullet

Gravitational shockwaves are solutions to the Einstein equations with rapid

changes of curvature tensor on null hypersurfaces (which are wave fronts).



Definitions



Change of velocities

particle “does not 

remember” form of the 

shock !



Change of coordinates 

u=0

δv



Since the form of the shock does not matter, one can work in 
impulsive limit



4-momentum of SW



A ‘cut-and-glue’ method by R.Penrose  (soldering spacetimes) 

v

Penrose supertranslation



Scalar fields



Characteristic Cauchy problem for perturbations

characteristic

initial-value

problem



Hints for particle creation by SW (in QFT)



Transition Electro-Magnetic radiation on SW



Main new physical effects 

● SW produce non-stationary perturbations of classical fields, the perturbations are
transformed (at late times) into (scalar, electromagnetic or gravitational) waves with a
specific energy flux to null infinity;

● SW produce secondary shock waves in a field system as well$

● one secondary shock wave is a plane SW accompanying the initial gravitational SW;

● there may other secondary shock wave: for example when SW hits the source of field
it produces spherical shocks;

● discontinuities of secondary shocks are theta-function-like (not delta-function-like)



Shockwaves passing charged bodies or bodies with magnetic 
moments (more in talk by E. Davydov)

SW create perturbations of EM fields of an electric charge or a magnetic dipole

The perturbations are non-stationary and at late-times convert to spherical EM
outgoing from the charge (magnetic dipole)

The flux of the radiation is finite at the future null infinity and it is mainly directed
toward the motion of the charge (magnetic dipole)

This may result in observable effects for shockwaves passing near pulsars (possible
explanation of Fast Radio Bursts)



Angular distribution of EM radiation for the case of a magnetic 
dipole (for shockwave produced by massless object)
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