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} LIGO (Laser Interferometer Gravitational-Wave 
Observatory) and VIRGO (European, Italy)



} First observation (9.14.2015) PRL 116, 061102 
(2016)

} Fourth observation (8.17.2017) PRL 119, 161101 
(2017) “GW170817: Observation of Gravitational 
Waves from a Binary Neutron Star Inspiral”



ØGeneration of gravitational radiation 
(GR) in the lab seems impossible.

“The construction of a laboratory generator of 
gravitational radiation is a non attractive enterprise in 
the absence of new engineering or a new idea or both.”

(Misner, Thorne, and Wheeler, Gravitation, page 979)



In quantum mechanics
o Uncertainty principle
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Vacuum fluctuation (zero point energy) for any kind of 
wave, including gravitational waves:
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} Laser-like generation of GR should be possible starting 
from vacuum fluctuations as “seed radiation”.

} Parametric amplification of vacuum fluctuations via the 
dynamical Casimir effect may be a practical method to 
generate GR.



} For quantum radiation oscillators from linearized GR theory:
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Stimulated emission occurs when
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}A moving mirror is a moving piston that 
can do work on a photon gas e.g. vacuum 
fluctuations in a SRF cavity, converting 
them to detectable EM waves)

dx

F

Mirror Piston=

dW d= ⋅F x

Photons inside a cylindrical cavity



}A moving mirror is a moving piston that 
can do work on a graviton gas e.g. GR 
vacuum fluctuations, converting them to 
detectable gravitational waves)

dx

F

Mirror Piston=

dW d= ⋅F x

Gravitons inside a cylindrical cavity
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} Experiment has observed acoustical oscillations of 
inch-diameter silicon nitride membranes coated with 
niobium
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} Swing as an example of a parametric amplifier

} Center of mass is being pumped at 2nd harmonic of swing
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Motional EMF:   =E v ×B
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Time-varying EMF:   ( ) ( ) ( )
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Stress tensor is a 
 of two vectors
 where
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Magnified view of point A
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Therefore microwave frequency GR waves will undergo
plasma-like reflection from SC surface. SC is a mirror.

SC



} SC’s are mirrors for microwave-frequency GR.
} Moving SC-coated membranes act like moving mirrors 

or pistons that can do work on vacuum fluctuations.
} EM and GR vacuum fluctuations can be amplified to 

become detectable EM and GR waves.
} Parametric oscillation can be achieved in SRF cavities 

with Q’s on the order of a billion with pump powers on 
the order of milliwatts.

} Thus laser-like generation of microwave-frequency 
gravitational radiation should be possible in the lab.





With
λ =532 nm
a=λ/4=6.65E-8 m
b= λ/8=1.33E-7 m

c=3E8 m/s
ρ0=19320 Kg/m^3
Pin=100 W
Q=10

The net thrust of the “teardrop” cavity is


