Forces of the Quantum Vacuum presents a number
of approaches to Casimir, van der Waals and Casimir-
Polder forces that have been fruitfully employed in main-
stream research, and reviews the experimental evidence
for Casimir forces.

Beginning with basic ideas in quantum mechanics and
building its way to a sophisticated form of macroscopic
QED, Forces of the Quantum Vacuum provides an inspi-
ring training manual for graduate students that develops
the ideas needed for modern research on Casimir forces
in a natural progression, with a strong emphasis on phy-
sical understanding.
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van der Waals: molecular forces 1873
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van der Waals: molecular forces 1873
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van der Waals: molecular forces 1873
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Fritz London: dispersion forces 1930
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Hendrik Casimir: chief scientist 1946-1972
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Hendrik Casimir: liquid paint 1940s




Casimir & Polder: waves & retardation 1948




Bohr versus Pauli: quantum vacuum




Hendrik Casimir: macroscopic bodies 1948




Hendrik Casimir: macroscopic bodies 1948

10nm corresponds to 1atm




Casimir/ van der Waals forces




Lifshitz theory
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GENERAL THEORY OF VAN DER WAALS’ FORCES
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a van der Waals (quasistatic fields) b Casimir-Polder (waves/retardation) ¢ Casimir effect (macroscopic bodies)
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Precision measurements and manipulations of Casimir forces
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Demonstration of the elusive Casimir-Lifshitz repulsion
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Stable Casimir equilibria
and quantum trapping
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Quantum fields: mode expansion
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Quantum fields: mode expansion

A= Z A, 1) + GTA(x, 1)
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Quantum fields: mode expansion
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Amplitude measurements: homodyne detection
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Quantum fields: 32 plane waves
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Quantum fields: 64 plane waves
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Quantum fields: 128 plane waves
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Quantum fields: 256 plane waves

A=) aAxD+aTAXx, 1)
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Vacuum noise is organised
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Classical analog of the Unruh effect
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Vacuum noise is infinite
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Renormalization: bare vacuum energy 1s infinite
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Renormalization: compare vacuum energy at finite distance
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DW[ e/eryy — cosmological constant
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Optical analogue of expanding, spatially flat universe
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Casimir cosmology: turn from space
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Casimir cosmology: turn from space to time

¥

ot




Casimir cosmology: continuous 7(?)

ct

n(t)




Casimir force in cosmology?




What’s the difference?
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Equivalence principle: space-time is the same for everything

THE ELECTROMAGNETIC SPECTRUM
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Equivalence principle: space-time is the same for everything

THE ELECTROMAGNETICPECTRUM
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A Comprehensive Measurement of the Local Value of the Hubble Constant with 1 km s—! Mpc™!

Uncertainty from the Hubble Space Telescope and the SHOES Team
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Indirect determination of Hubble constant from
Cosmic Microwave Background
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Editors’ Suggestion

Quantum noise in time-dependent media and cosmic expansion
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Quantum buoyancy:

Observed Hubble
constant is
consistent with
Lifshitz theory
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