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Winter College on Optics

Laboratory session

1)- Electronic Speckle Pattern Interferometry

For in plane and out of plane deformation
measurements

2) - Electronic Shearography

For the measurement of deformations
gradients or strains

by Michel HONLET

the equipment and the demo material was kindly
provided by dr ETTEMEYER Gmbh &Co

Trieste, February 1998
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ESPI OUT OF PLANE

Sensitive to out of plane displacements
. I Object I y

a I———~ x
V4

Reference Beam .

Object Beam

illumination phase shifter

O laser

Z




ESPI IN PLANE

Sensitivity to x (or y) displacements

- X
Ax
phase shifter
{—— beam splitter
O laser
VAl
2 St/ |
20x. 2T Stud = 2a/p 25-("’(1—1/‘(_;_):2:\/17
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ESPI IN PLANE AND OUT OF PLANE

Sensitive to x ,y, z displacements

| OBIECT | y

beamsplitter

phase shifter

beamsplitter
. laser
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SHEAROGRAPHY

Sensitive to deformations gradients i.e. strains
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spherical mirror

traslable spherical mirror /

controls the shear
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Winter College on Optics

- Laboratory session -

PARTICLE S12Z2ING
BEx. oF Applxcaft‘@ ws

Granulometric characterization of solid
particles suspended in a liquid by means of
both a diffraction based optical particle
sizer and a multi-wavelength extinction

- technique.

by

S. Musazzi and E. Paganini

CISE Tecnologie Innovative
via Reggio Emilia 39 - 20090 Segrate (MI)

Trieste, February 1998



Title of the experimental activity

Measurements with a diffraction based optical particle sizer for the granulometric
characterization of solid particles suspended in a liquid.

Scope of the experimental activity

The experimental activity is aimed to describe the working principles of one
optical particle sizer and to get familiar with its mode of operation. It will be
possible to carry out typical operations like the preparation of the sample, the
collection and the analysis of the scattering data as well as the handling of the
experimental results.

Description of the activity

The activity will be carried out according to the following scheme:
Brief presentation dealing with the principle of operation of the diffraction
based optical particle sizers and their optical, mechanical and electronic
configuration
Description of the instrument to be used for the experimental activity
(measuring head, circulating unit and software)
Utilization of the instrument to carry out measurements on different
samples of solid particles. The following activities will be performed:
preparation of the sample
recording of the background and the scattered intensity distributions
analysis of the recorded scattering data by means of the inversion
algorithm
graphical presentation of the measured particle size distribution
Analysis of the experimental results
Discussion on open points

Experimental apparatus

The instrument utilized for the experimental activity is a particle sizer developed
at CISE Laboratories and now manufactured by a german company (Fritsch model
"Analysette 22")

Optical scheme of the particle sizer developed at CISE Labs,

_to_
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« DIFFRACTION BASED OPTICAL

PARTICLE SIZERS

- Principle of operation -

e Single spherical particle with diameter 2a > X\

Detector

e The intensity distribution in the detector plane i
the well known Airy function
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DIFFRACTION BASED OPTICAL
PARTICLE SIZERS

- Principle of operation -

Monodisperse sample (i.e. a sample made by N
particles with the same diameter)

21abd
2a4 2"]1( A )

1) = Nely n;@ TN
)

)

First-order Bessel function of first kind
Proportionality constant

Number of particles

Intensity of the illuminating wave
Particle radius

Illuminating wavelength

Scattering angle

D> WSO
I I | | A 1

The intensity distribution in the detector plane is
simply N times the intensity distribution scattered
by a single particle
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DIFFRACTION BASED OPTICAL
PARTICLE SIZERS

- Principle of operation -

Polydisperse sample (i.e. a sample made by
particles with different diameter)

2mab

Oprax 2J.( )
2 4 1
A

I(8) = cl T4 2 N(a)da
() f TR Fra0 I N

- A
Where:
N(a)da = number of particles with radius

between (a, a-+da)

3
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DIFFRACTION BASED OPTICAL
PARTICLE SIZERS

- Experimental apparatus -

To PC

e Typical particle size distribution

(JLrlriexs Oplia
10 : : — T —
coE D B
S x o ;
S ' g
e E
. BN :
! o N .
5 A LI !
[ i !
e} = :
.5 1 s 10 50
gsize (micronx)

4



- - - - AR -

-

DIFFRACTION BASED OPTICAL
PARTICLE SIZERS

- Instrument layout -

LASER |

SUSPENSION FEEDING um/

MESURING CELL

COMPUTER
OPTICS LENS SYSTEM DETECTOR
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FILTER
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SCREEN
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Title of the experimental activity

Multispectral extinction measurements on solid particles suspended in a liquid and
utilization of the extinction spectra for particle sizing.

Scope of the experimental activity

Main purpose of the experimental activity is to get familiar with:
a) a typical laboratory set-up for extinction measurement.
b) measurement procedures and spectra exinction data handling.

Description of the activity

The activity will be carried out according to the following scheme:
Brief presentation dealing with the principle of operation of extinction based
optical particle sizers.
Description of the set-up to be used for the experimental activity
Utilization of the instrument to carry out measurements on different samples
of solid particles. The following activities will be performed:
preparation of the sample
measurement of the extinction at different wavelenghts
. analysis of the recorded data by means of the inversion algorithm
Analysis of the experimental results
Discussion on open points

Experimental apparatus

The experimental set-up is made by commercial componets assembled on an optical
bench.\

Interference
filter A,
\ Pinhole
[ ] N l
) dL I gl . Po
P{A,)
~\ /- | Photodetector
Collimating B —> Focousing
Lamp Lens L Lens
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SPECTRAL EXTINCTION

principle of operation

e Extinction = Absorption + Scattering

S e ]

| | B
(A S |

BEAM T DETECTOR

CELL COLLECTING PIN-HOLE
LENS

* Two measurements.

P, = light power without particles
P = light power with particles

e Lambert-Beer law:

a.(L) = Extinction coefficient
L  =Cell length

P=Poe_a(’1)L
1. P
a(A)=—In—>
(4) 7

2Y
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SPECTRAL EXTINCTION

principle of operation

For a monodisperse distribution:
m = relative refraction index

n = number concentration (cm?)
Q. = extinction efficiency
a = particle radius

a(A)=ra’Q, (a,A,m) n

5 LI BLALI 1] T LR LA T 1] LA R
L a=0.25 K q= l m
4 M "

LN
\ | =

L]

L]

1

L] "

L) [ ]

A 1

[} L]

1 -
- L] - L ]

L »

f .

0 Liat 1 I a1 1 11} 1 1] 1] 1 Lt 113511 TR | F I |

1 5 1
wavelengh ( pmg

The position of the maximum is a function
of the particle radius

! 2

Particle Sizing is feasible

2%
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SPECTRAL EXTINCTION

principle of operation

For a polydisperse sample :

* homogeneous suspension of non-interacting particles
of different sizes

* n(a)da is the concentration of particle [cm™]
with radii between a and a+da

max

a(A) = “ ma’Q, . (a, A, m)n(a)da

BN

Extinction coeff. Kernel Number distribution
Measured function Known from Unknown function
Mie Theory

We have to recover n(a)

ILL-POSED PROBLEM ESEEEp [NVERSION IS NOT TRIVIAL!!

The algorithm must be Efﬁcient & Accurate
Reliable & Stable
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SPECTRAL EXTINCTION

Experimental set-up

Interference
filter 4,
Pinhole
........ = I ‘ , Po
P(1,)
. N o Photodetector
Collimatin <__> Focousing
Lamp Lens g L Lens

Experimental results

Sample: latex, particle radius 0.530 um

Recovered distribution class width = 3% of the mean radius

. . . -4
linear extinction « (cmy )

5.0 . - . . x10°
45 : particle diarnrcler =106 um y 6)(]0‘ |
L @ experimental data
b -
40k P recovered data E nt |
: ooq% Sxto
k%3 5 J —_
3 LA TE axiotf
aof j °, 2 I
! s = L3
) = :
Vel : o, ] = IxI0
f n°° 8
sotb °°n 4 X0
< °°°o L
1.5 L IXIO |
ko T - - + N T - Q I "
oz a4 0.6 0.8 1.0 b2 04 06 08 1.0
wavelengh {(um} particles radius a {pm)

Resolution: 2 class HWHM ( 6% )
Accuracy: Mean diameter £+ 5 %
Concentration +£ 5 %
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INV

INVERSION OF EXPERIMENTAL DATA

A A
Cuwmulatn
= =
BB p
o o
T min rma:rc

particle radius

= scattered intensity

= scattering angle

X
Low angle ligth scattering - { 8(x)
X

= wavelengh

= finear extinction a

X
Multiwavelengh extinction - { o(x)

rmax

g(x) = Fredholm Equation
&) N() Kexr)dr e firet kind

Tmin

Utilized inversion algorithm : iterative algorithm

3\
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