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A €
Light ~100’s nm 1's eV's
X-rays ~1's A 10’s keV
Electrons ~1's A 100’s keV




Kinematic Scattering

Plane wave, A, impinges on particles, detected at R.
Single scattering events occur.
Scattering is elastic: |k|=|k’|
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Kinematic Scattering

Large R, scattered wave looks like plane wave.
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Kinematic Scattering
Many scatterers, add up waves at R.

All waves have kR and ot... factor out and absorb into A,

A =4y "
Jj
Let each scatterer have a different scattering strength, f;
A(q) = 4 ;¢4
>
A(q) = Ao_[ p(r)e' 1 dr

I(q) =|4(q)[



p(r) = Lol (r)® Plattice (r)
1(q) < [FLp(M] =FLp,. (M FLO e (1))
(q)=|f ()| |S(q)|

“form factor” “structure factor”

Let’s look at the 2 pieces one at a time...



1D structure factor

A little 1D crystal of point-like particles:
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Spherical form factor
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I(g) <|4(q) = f*(q) sin’(qd /2)
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Fun example 1: the Plane




Fun example 1: the Plane

The delta function:
I(x)=1

j 1(x)e ™ dk = 5(x)

Fourier transform of delta function:

j S(x)e ™ dk =1

How do you write down the density of a plane?



Fun example 1: the Plane
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Fun example 1: the Plane
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Fun example 2: the Plane with a profile

Fourier transform of a
gaussian distribution:

—x* /207 —ikx —k*c?/2
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Fun example 2: the Plane with a profile
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Fun example 2: the Plane with a profile
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Fun example 3: a stack of planes

1(x)1(»)8(2)® > S5(z—nd)




Fun example 3: a stack of planes
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Fun example 3: a stack of planes
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Fun example 4: a stack of gaussian planes

JUUL



Fun example 4: a stack of gaussian planes
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Fun example 4: a stack of gaussian planes

JUUL




No fun example 1:
a helix

N \\\\

a. Continuous helix
b. Series of planes
c. Productofaand b §

(d)

d. The discontinuous helix

0.1 w,z)=0(r—1,)0(y — Z(L)
p,(rw,z)=1(r,y)D o(z=Ic"
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No fun exam ple 1: How to take an FT in cylindrical coordinates

d helix © ®© ®© i(q,x+q,y+q,z
A= ax[ dy[ dzp(r)e" =
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example: F-actin
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ex: F-actin / what the diffraction really looks like

Liquid crystalline 012
hexagonal collumnar

f-actin lattice. 008

0.04
(A1) o0.00
-0.04

-0.08

-0.12

-0.12 -0.08 -0.04 000 0.04 0.08 0.12

(A7)



ex: DNA / better looking than that actin crap

Rosalind Franklin’s data.




Scattered intensity is FT of density correlation fun.

1(q) = \A(q)\z = de'dep(R)p(R ')e—iq.(R—R')
<I(q)> = de'de<p(R)p(R v)> o 14 (R-R)

C(R,R")=(p(R)p(R"))
R (C) R_R o

0.4 C(R,R") > C(r)
0.3 (I(@)=V j dr C(r)e "
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Now that we're experts...

Fun with light scattering





















Dynamics....

IXS/DLS/Spectroscopy



Inelastic scattering spectrometer

%% PMT
interferometer

sample
Dynamic scattering spectrometer PMT
LASER
sample

Both versions are done with x-rays too... IXS and XPCS.



They all measure some form of the dynamic structure factor

-- S(q,m) can be derived from basic inelastic scattering theory.
-- Way to hard to even talk about...

An easier way to get a grasp: FT of correlation function.

1 = | o
S(q,w) = j dre”’”j dre’ " G(r,1)

27h Y-
_ 1 . .
G(r,t) = ¥ZJ‘<{5(I"— R, (0)3(r —R,(1)))dr’
Y J,ifr

Excitations seen in S(q,») yield dispersion relations;
directly measure thermodynamic quantities.



Hydrodynamic equations of mass, momentum,
energy conservation yield dispersion relations.

S(g,w) is directly constructed from linearized
hydrodynamic equations:

S(g.0) y-1 2yq° +1{ Iq’ . Tq* }
S(q) y @ +(xq°) y|(@+cq)’+(Tq*) (w-cq)’ +(Tgq*)

{ @+ cq B W —cq }
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]/ C

Three terms...
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1st term, Rayleigh peak: diffusion.

Exactly the same as DLS experiment

y o +(xq’)

y=CJ/C,,
C, = const. press. specific heat, C, = constant vol. specific heat,
Thermal diffusivity, y (length? sec™).



How is it exactly the same as a DLS experiment?

Simple, single exponential decay measured by DLS:

~19°7

gl(QDT) — goe

2
F 1 7)) = gO Zq

Spectroscopic measurement and dynamic
measurement are Fourier pairs



Why do dynamic rather than spectroscopic measurements?

timescale of colloidal diffusion / required energy resolution.

Diffusion timescale for 1 um particle:

2
T 6nr

— : ~~1.5sec
30 um k1q

q

hbar*w = hbar*2*n/1.5 sec’= 2.8 x 10-1° eV
Good energy resolution for inelastic light scattering: v~1Ghz
hbar*w = 4.1 x 10° eV

.. Colloidal density fluctuations are too low in energy to
measure spectroscopically



Can you do DLS on molecular liquids with a fast camera?

Brillouin Linewidth {GHz)

Energy scale of diffusive density flucts. / required time res.
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GHz is way out of
camera range.

But:
T depends on ¢!
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v, =26kHz! Wow!



Hydrodynamic equations of mass, momentum,
energy conservation yield dispersion relations.

S(g,w) is directly constructed from linearized
hydrodynamic equations:

S(g.0) y-1 2yq° +1{ Iq’ . Tq* }
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Three terms...
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2 term, Brillouin peak: propagation, acoustic mode

1 g’ g’
_I_
2 2\2 2 2\2
y| (@+cq) +(Tq”) (w—cq) +(ITq”)"

1

FZE[Vz +(y—1xl

y=CJ/C,,
C, = const. press. specific heat, C, = constant vol. specific heat,
v,= longitudinal viscosity, v,=(47/3 +1y)p,™
Thermal diffusivity, y (length? sec),
¢ = speed of sound.



Rheology from S(q,w)?

[(w) = %{w(w) (@) -1z (@)}

E = modulus

E(w)=c(w) p

Let’s try it.



Thanks!



