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Fluid Interface

Fluid Interface: Capillary Wave Hamiltonian
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Fluid Interface: Capillary Wave Hamiltonian

N e

V/N e T sem
W/

Wagner et al Fluid Interface




Fluid Interface

Colloid Contribution
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Fluid Interface

Colloid Contribution
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Fluid Interface

Colloid Contribution
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Fluid Interface

Colloid Contribution
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Fluid Interface

Colloid Contribution
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Fluid Interface

Colloid Contribution
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Fluid Interface

Colloid Contribution
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Fluid Interface

Colloid Contribution
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Fluid Interface

Colloid Contribution

H® = _& /dA + AU§°' +o/A+ oA
—

Q ——
part 1 part 2 part 3

Young's relation

\

oy —oj+ocosh =0

\ \/@ )
W AHS, 5[] = o cosHAA,

Wagner et al Fluid Interface



Fluid Interface

Total Hamiltonian
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Expanding for spherical colloids
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Fluid Interface

Proposed Experiment

@ Silver coated hollow glass
mircrospheres
(10pum < Rs < 100pum).
@ Air Water interface.

e Potential decays as r—2.

@ Potential has depth of
~ lkgT at sep ~ lum.

Wagner et al Fluid Interface



Scattering 101

Scattering Method for Casimir Physics (MIT)
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Scattering 101

Scattering Method for Casimir Physics (MIT)
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@ Delta functional constraints

/Cm _ / D 850, [8]050, 4]
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Scattering 101

Scattering Method for Casimir Physics (MIT)
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Fourier representation of the
@ delta functional

ds0;[¢] = / e tidlen
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Scattering 101

Scattering Method for Casimir Physics (MIT)
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@ Gaussian functional integral
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Scattering Method for Casimir Physics (MIT)
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Scattering 101

Scattering Method for Casimir Physics (MIT)
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Complete basis set

@ i) = Wil
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Scattering 101

Scattering Method for Casimir Physics (MIT)
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Reminder: Free Energy

BF = —InZes
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Scattering 101

Scattering Method for Casimir Physics (MIT)

1 s s g
BF = Indet (1 - G' G126y  G22)

Scattering Properties

|6 + D Thpldis) = 0
E

Gj =Y
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Scattering 101

Scattering Method for Casimir Physics (MIT)

1
BF = S Indet (1 - T'U?TU?!)

Questions:
@ Why is the inverse of the D
operator on the space
@ function space Ly(R\ Q1)
the free Green's function for
R2?

@ How do | treat fluctuating
boundaries?
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Fluctuating Boundaries

Fluctuating Boundaries

B, a. B P
z- [ D¢<H77fi55sz,- [¢—f,-]> op {—2<¢, Do)=5 > (i, ')
Follow previous steps:
@ Expand the delta functions.
@ Integrate out the ¢ degree of freedom.
o Write the 1); and f; fields in a complete basis set {¢jq }

@ Use the scattering properties.
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Fluctuating Boundaries

Fluctuating Boundaries
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Fluctuating Boundaries

Fluctuating Boundaries

Reminder: Free Energy

() (6 9-(%9)

T =T —T(T + H) T

Wagner et al Fluid Interface



Fluctuating Boundaries

Fluctuating Boundaries

1 ~ ~
BF = S Indet (1 - T'U?T>U?!)

@ The Casimir energy is still written in terms of scattering
parameters.

@ The term in the Hamiltonian due to fluctuating boundaries
changes the scattering matrix.
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Contributions from the Interior

Non-homogeneous Basis Functions

zZ= /D¢<H5sz[¢])e><p{ <¢,D<Z>>}

Reminder: Question

Why is the inverse operator of D on the function space
L>(R?\ Q1)) the free Green's function for R??

@ Define the delta functional over the interior.

@ Proceed in a similar fashion as before.
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Contributions from the Interior

Non-homogeneous Basis Functions

B
Z = /HD¢i eXP{ — EZ(% Go%’)}
i i
New orthonormal basis set

Let {|¢in)} be a complete basis set, and partition the set into the
homogeneous solutions to the operator D and the rest.

{18ia)} = {161, |9ia)}

such that

Dleine) = Dlda) #0




Contributions from the Interior

Non-homogeneous Basis Functions

Z = /Hm&,- exP{ — §Z<¢i7 Gowj)}

ij

New orthonormal basis set

The auxiliary field is expanded in the complete basis set

i) =D Vialdi) + Y Wialdia)

Dy = [[dViad Vi,

,a
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Contributions from the Interior

Non-homogeneous Basis Functions
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Contributions from the Interior

Non-homogeneous Basis Functions

Useful definition
g(x) = /dQX/ Go(x, X" ) (x")

Q
Homogeneous and particular solutions

g(x) = gn(x) + gp(x)
@g(x) _ {O gh(X) = ; ha¢a(X)

»(x) \
8p(x) = Zga¢a(x) + Z§a¢a(x)
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Contributions from the Interior

Non-homogeneous Basis Functions

Matrix coefficients

Dg(x) =w(x) = &= MzVs+> MV,
8 b
g(x)| =0 — g == S MV, = S M
60 by bc
M, = (¢(ay, Dds) M’
G . (M=t M1 (M) —1
S.5 = (¢a, 98)50
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Contributions from the Interior

Non-homogeneous Basis Functions

Matrix coefficients

Gaﬁ Gub . (T)_I—S_IM/_I —-S1pm-1
Gag G.p o M1 M1

V.

Block-wise Inverse

8-

A\
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Summary

Conclusions

@ The thermal Casimir force “appears’ measurable.

@ Incorporated fluctuating boundaries into the scattering
method.

@ Is there a better proof that the non-homogenous basis
functions do not contribute?
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