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Last time on ETK, the next generation…
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Some rather dodgy looking plots followed…
Total matter flux of 
energy of order -0.07M 

Start of GW flux



Conclusion:  

Still many questions… 
Not sure it is actually working… 
Does this even make sense?



Other conferences were like…



ETK were like…



And now the conclusion…



About me: a friend of ETK



I do have some more serious projects:
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Inhomogeneous 
inflation



I do have some more serious projects:

Fundamental 
fields and BHs



But today: A fun(damental) example



The crew



Question 1: Could we 
see gravitational 
waves from alien warp 
drive ships?



Question 2: Can 
asympotically zero 
ADM mass spacetimes 
radiate?



A warp drive metric exists

Alcubierre, The warp drive: hyper-fast travel within general relativity, CQG 1994



Tasks for the chief engineer:

• Initial conditions - for metric and fluid


• Evolution equations - for metric and fluid


• Specify coordinates / gauge


• Diagnostics - what to measure?



Initial conditions for the spacetime metric

 

 

 

 

This requires matter that violates the 
Null Energy Condition,  

(ie negative energy density)

γij = δij

α = 1

βz = f(r − R)

K = ∂zβz



Initial configuration for the matter

 

This requires matter that violates the 
Null Energy Condition,  

(ie negative energy density)

Tμν(t = 0) = Galcubierre
μν (t = 0)/(8π)



t

Metric evolution - just GR

“Energy-Momentum”f(𝟃2gab, 𝟃gab, gab) 
“Curvature”

Rab - R/2 gab = 8π Tab

The Einstein equation



But finding good coordinates is a challenge

Bad gauge choice Better gauge choice



But finding good coordinates is a challenge



Matter evolution

Local energy conservation tells us how 4 
components evolve: 

 

   energy density 

   momentum density 

∇μTμν = 0

⟹ ∂tρ = f(ρ, Si, Sij, gμν)

⟹ ∂tSi = f(ρ, Si, Sij, gμν)



Matter evolution

Still need eom for anisotropic stresses and 
pressures  (effectively the fluid equation of 
state) 

Bit of a hack: 

Choose that anisotropic stresses decay in time, 
and a stiff equation of state .

Tij

p̄ = ρ



What no one has seen before…

K 
(Trace of extrinsic 

curvature of spatial 
slice)



One can extract the gravitational wave signals

Weyl4 scalar



One can extract the gravitational wave signals

Weyl4 scalar



One can also study the fluxes of the matter content

Energy density 
of warp fluid

See: Negative Mass 
in General Relativity  

(Bondi 1957)



Matter energy radiation is both negative and positive

Energy flux 
of warp fluid

Energy flux 
of GWs



Final result is a loss of negative energy, so a positive ADM mass

Energy fluxes



Can it be detected?

Frequency ~ 1/R

Amplitude ~ 0.01/ R at a distance of R



Maybe it’s not the destination that matters…  
it’s the journey



Summary
• Don’t give up on your crazy 

ideas (but maybe wait to get a 
permanent job before publishing 
them)


• LIGO has not ruled out post 
warp civilisations


• Future high frequency detectors 
may be able to!



Further questions
• Is this behaviour generic to 

negative energy 
spacetimes?


• What is the impact of the 
equation of state?


• What happens beyond v=c?



If you are on twitter please repost @KatyAClough


