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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
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Introduction

Measurement of individual particles by interaction with light has been carried out for many years using a variety of
instruments. These instruments vary in optical design, light-source types, and means of particle presentation to the
light. For these reasons, data from nearly identical particle sources frequently differ when different instruments are
used for measurement. In addition, the extent of light interaction produced by a particle is affected by several
physical parameters I addition 1o the partcie siZe. The purpose of this part of 1S0 1332315 10 define.the basis for,
and to reduce the variability of, data produced by light interaction methods of particle size measurement

Particle gize measurement by single-particle light interaction devices normally involves either, determination of the
light scatfered as a result of the light interaction with a single-particle or the amount of light gxtinction caused by the
presencq of the particle in the light beam. This part of 1ISO 13323 will discuss the principle~of the light interaction
phenomgna that are measured. The general performance and operational parameters’that are pertjnent to the
instruments and to the particle/fluid environment in which the instruments operate will be summarized. Specific
instrument types, operation, and performance are not discussed in this part of ISO, 13323.

© 1SO 2000 — Al rights reserved \
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interaction considerations
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2 Nor

ment system to calibration particles. This definition requires that the instrument be calibrate
naterials.

e smallest particle that can be measured with-good sizing resolution are reported as “greater th
eshold size” of the largest size channel ofithe instrument.

nts, which rely upon optical interaction to produce data only indicating the extent of particle mo
H here.

pe

of ISO 13323 provides guidance on the selection and operation of devices*that determine t
f particles by measuring the phenomena resulting from light interactionp-with individual particle
liquid. The reported particle size is defined as an equivalent optical, size” based upon the resq

of ISO 13323 applies to particles ranging in size from approximately 0,05 pm in diameter to th
e. Gas-borne patrticles in sizes from approximately 0,05)um to 20 pm or so are measured
ering. Larger particles can be measured using light extinction sensors. Liquid-borne particleg

re liquid-borne particles in sizes from approximately 1 um to the millimetre size range. The

he size and
5 present in
onse of the
d with well-

e millimetre
primarily by
in the size
tion is used
size range

of any single instrument is usually approximately 100:1. Particles larger than approximately 100 times the

onse that is considered in this part*of ISO 13323 is the change in collected light flux resulti
of a single-particle within the. optical sensing zone of the measuring instrument. For f{

Instruments not discussed here include devices such as aerodynamic particle sizers or phase Do
which produce data.primarily dependent upon the aerodynamic size of the particles. Those instrument
Ktent of light interaction to measure the particle size. The particle size is defined by residence time d
defined distance or by particle velocity. These instruments report a particle size that is related to

mative references

The following normativé documents contain provisions which, through reference in this text, CONSLTULE p

an or equal

hg from the
his reason,
ion, are not

bpler particle
types do not
uring motion
luid-dynamic

rovisions of

this part of ISO 13323. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 13323 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain

registers

of currently valid International Standards.

ISO 3165, Sampling of chemical products for industrial use — Safety in sampling.

ISO 6206, Chemical products for industrial use — Sampling — Vocabulary.

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=201bb122be9dfcf007d622fe19d138b5

ISO 13323-1:2000(E)

ISO 148871), Sample preparation — Dispersing procedures for powders in liquid.

3 Terms and definitions

For the purposes of this part of ISO 13323, the following terms, definitions and symbols apply.

3.1 Definitions

3.1.1

absorption|
reduction of

3.1.2
coincideng
presence of

NOTE 1
several parti

3.1.3

relative co
refractive in
part (np) an

3.1.4
counting a
ratio of the
NOTE )
3.15
equivalent

diameter rg
single-parti

NOTE
properties.

1

3.1.6
extinction
attenuation

intensity of a light beam traversing a medium (fluid or particle) by energy conversion in the'me

e
more than one particle within the sensing zone of an instrument at any time

9

he effects include decreased indication of particle population and increased indication of particle
les can be reported as a single larger one.

Mplex refractive index
dex of a particle relative to that of the fluid medium (nm) in Mvhich it is suspended, consisting
I an imaginary (absorption) part (ikp)

~ ik,

nm

Ccuracy

eported population to the true population.in the measured sample

he counting accuracy may be expressed as counting efficiency by multiplying the ratio by 100.

optical diameter

ported by a single-particle light interaction device, based upon the light interaction signal

le being equivalent to-that from a calibration particle of known dimensions and optical propertiq

his diameter wilkvary with the optical system of the device and particle/fluid optical properties and som

of-light through absorption and scattering when passing through or otherwise interacting with a|

dium

ize, since

of a real

@)

from that
s

e physical

medium

3.1.7

multiple scattering
three-dimensional spatial pattern of light intensity emitted from a particle from scattering of light from the primary
light source and light scattered from other particles in the sensing volume which is directed to the particle of
concern in the sensing zone

3.1.8
reflection

return of radiation by a surface without change in wavelength

1) To be published.
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refractive index
ratio of the velocity of light in a medium to the velocity in a vacuum which is expressed as the combination of a real
and an imaginary term

NOTE
absorbed

3.1.10
refractio

The real term expresses the light velocity ratio and the imaginary term expresses the fraction of
by the medium through which the light passes.

n

incident light

change in the direction of light propagation as a result of change in the velocity of propagation in passing from one

medium

3.1.11

reported
size char
size rang

NOTE
largest siz
“equal to

3.1.12
scatterin
general t

3.1.13
scatterin

0 another

size range
nel
e defined by a particle sizing instrument

When several size ranges are reported, the lower and upper range limits are shown. The upper limit
e range is equal to the lower limit of the next larger range. The size limits of thé largest range is typical
r greater than X’, where x is the lowest size limit of that range.

g
brm describing the change in light propagation at the interface of two media

g pattern

three-dimensional spatial pattern of light intensity emitted from' a particle as a result of scattering of light

from the

3.1.14

sensing
sensing
volume i
and used

3.15
Stoke's
S
product
particle \

S =

primary light source to the particle being measured in the optical sensing zone

zone
olume

ithin the instrument that is optically_and physically defined where particle interaction with light
to develop data on particle size and quantity

humber

pf particle relaxation~time (t), time for a particle to accommodate to a fluid velocity change
elocity (v), divided by the sample probe inlet size (d;)

tv

d;

of all but the
ly defined as

transmitted

is observed

and actual

)

3.1.6

extinction coefficient

E

ratio of total light flux scattered and/or absorbed by a particle to the light flux incident upon the particle

3.2 Symbols

a Parti

cle radius

A Projected area of particle(s) illuminated by incident light

Cn

Numerical particle concentration
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E Extinction coefficient

I(6) Angular intensity distribution of light scattered by a particle

I(r) Light flux scattered by a particle at a specific solid angle

I, Scattered light polarized in a direction perpendicular to the incident light beam
I, Scattered ight polarized in a direction parallel to the incident light beam

ko Imaginary (absorption) part of a particle refractive index

I Beam path through a sensing zone

n Refraclive index of a particle, relative to that of the suspension medium

n,, Real part of the refractive index of the suspension medium

n, Real pIrt of the refractive index of the particle

x  Particlg diameter, in micrometres. Unless otherwise specified, the equivalent gptical diameter is reported

y Ratio of scattered or transmitted light flux to incident light flux

a The tefm of particle projected area divided by the illumination waveléngth, 2rnA/A

6 Scattening angle with respect to forward direction in degrees. The scattering angle may congist of a
significpntly large solid angle, but is typically defined as the’centre angle of the light collection sygtem with

respect to the centre line of the illumination source

A Wavelgngth of the illumination source, in nanometrtgs. The illumination source may emit light at|a single
wavelehgth or over a broad range of wavelengths

4 Lightfinteraction principles

4.1 Introjduction

A brief summary of the parameters-affecting light interaction with single-particles is presented in this claus¢. Further
details are|provided in annextA.” In single-particle light interaction devices, the output data are affected by
illumination| wavelength andCintensity, illumination source and collection optics configurations, as well as light
collection gnd capabilities“of the data handling system. Particle and suspension fluid physical propertjes affect
response, gs well. Thegparticle size, shape, and orientation within the sensing zone may also affect the response.
The relativg refractive index of the particle in the suspension fluid also affects the response.

4.2 Lighf scattering

Most particles measured by light-scattering will be in the size range from approximately 50 nm to 100 um. When
light interacts with the particle, the scattered light flux varies roughly with the projected area of the particle for
particles with radius significantly larger than the light wavelength. For smaller particles, the variation of the
scattered light flux changes with particle radius, increasing to the sixth power as particle size decreases to
approximately 0,2 um. A light-scattering system used for submicrometer particles will normally be used to measure
particles over a size range up to 50:1. A system that is used to measure particles larger than approximately 1 um
can measure over a size range of approximately 100:1. The limitations are connected with the linearity of electronic
data processing systems over wide ranges (e.g. 5 x 106) and the need to ensure that the smallest signal that is
processed is larger than the electronic and optical background noise level.

NOTE Further details on the operation of light-scattering instruments for counting and/or sizing particles can be obtained
from the reference [3l in the bibliography.

4 © 1SO 2000 — All rights reserved
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4.2.1 Physical principles

Measurement of scattered light from fluidborne particles is carried out by observing the scattered light from the
particle at a specific solid angle that is defined by a particular instrument configuration. The particle(s) within the
sensing zone of the instrument may be present within a known volume of fluid moved through the instrument or
may be moving with “normal” fluid flow through a defined known sensing zone established within the instrument. In
the first case, the particle concentration per unit fluid volume is defined; in the second case, the particle flux per unit
area through which particles are moving is defined on a time basis. The instruments which report the particle
concentration are normally used to characterize particle size distribution and concentration in fluids which are
moving under specific conditions at pressures ranging from near ambient to approximately 500 kPa. Instruments

defining particle flux are often used when flow is random or at pressures from approximately 1 kPa to ambient.

422 O

Typical

configurg
purpose.
systems
studies W

the sam¢ type of beam-shaping systems. Even so, the basic optical system designs for light collec

followed.

construction funds, and the environments in which particle measurements @re to be made. Essentiall

optical dg
fluid con
greater W
small po
much lig
problem

NOTE
the bibliog

In general, particle counters using monochromatic light sources and forward-scattering systems with g

angle pr
increase
with poly
desirable
instrume

ptical system designs

bptical system bases for single-particle light-scattering instruments are shown. ‘in Fig
tions shown here describe essentially every optical design of the light-scattering/instrument U

to define sensing zones. A summary of single-particle light-scattering instctuments designed
as shown recently. Current optical systems use either gas or diode-lasef-ilumination that may

The choice for selection is based upon the particle size range. of concern, available ¢

bsign base can be used for measurements in gas or in liquid suspension. The major difference
rol systems used for the two applications. The problems of-defining the edges of the sensin
hen working with liquid systems. Larger particles are more\frequently measured in liquid than i
tion of a liquid-borne large particle may move through:an optically defined sensing zone, s
Nt as a small particle entirely within the sensing zome. Procedures for minimizing this effeg
hreas will be discussed in ISO 13323-2 and ISO 13823-3.

Further information on the optical design of airborre-particle counting systems can be obtained from rg
raphy.

bduce a multi-valued response of-scattered light flux as a function of particle size. The rg
and decrease with particle size.over some portions of the instrument dynamic range. Partid
chromatic light, and especially. those with scattering systems with a large solid angle,
response where scattered(ight flux does not increase and decrease as the particle size incred
Nt sensitivity for small particle measurement may be decreased unless illumination intensity i

urel. The
sed for this

The original designs, laid out in 1965, used incandescent-filament illuminationrsources, lens gnd aperture

for aerosol
not require
ion are still
pmponents,
, the same
s are in the
) zones are
h gas and a
Cattering as
t and other

ference [4] in

small solid
sponse will
le counters
roduce the
ses, but the
5 increased

and the glesign of the optical and electronic systems minimizes background noise levels. In this conngction, laser

illuminatipn systems can generate light flux intensity levels of several watts in the sensing zone. The lse of light-
collectior) optical systems.with a large angle here will also minimize multi-valued response.
© I1SO 2000 — All rights reserved 5


https://standardsiso.com/api/?name=201bb122be9dfcf007d622fe19d138b5

ISO 13323-1:2000(E)
2 3
|
1 ] 3
L
—=2
5
((‘\2<0>{I
1< (> : <3 1
N
Kley
1| Light 5
2|  Aperture
3| Traps 1 1
4]  Aerosol
5] Collection b 5
Figure 1 — Basic optical designs for light-scattering particle counters
4.3 Light extinction
4.3.1 Phygical principles

Light extind
larger than
index ratio
particles in
sizing is no
most gas r¢
effect upon
or by an ing
continually
removed du
strongly de
to S5um. F
identical paj

4.3.2 Opt

Figure 2 sh

tion is mainly used for counting and sizing particles in liquid. These instruments are used for
approximately 1 um in diameter. This limitation arises from the effects of variations in the
pNn sizing response in liquids. In some cases, these instruments are used for sizing and cou
Sizes that permit moving them through thé.sensing zone at a rate so that residence time for cg
more than 50 ps or so. Most liquids have refractive index values quite close to those of many
bfractive indexes are much lower than that of the particles so a small change in particle type
the refractive index ratio for gas:substrates. lllumination shall be provided by a gas or solid-s
andescent filament lamp. During operation, the light flux level of the beam through the sensin
measured by the photodetector. When a particle passes through the sensing zone, som
e to scattering out of the“direct beam and/or by absorption by the particle. The scattering cod
bendent upon the particle/fluid refractive index ratio, particularly for particles less than or equg
br this reason, extinction counters using different types of illumination can report different
ticles with shape\or optical characteristics that differ from those of the calibration particles.

cal system'design

bws(the basic operation of an extinction optical system that observes a full sample stream. T

sectional allea-of the flow passage is defined by a transparent rectangular or circular tube with the seng
height usu;w-mdwmmmmmmmmmmm ' et ; ; TOTT T '

particles
refractive
nting dry
unting or
particles;
has little
ate laser
0 zone is
e light is
fficient is
[ to 3 um
sizes for

ne Cross-

ing zone
mination

source, many extinction particle counters still in use are fitted with an incandescent filament lamp for illumination. In
the time period 1990 to 1995, most particle-counter producers began using solid-state lasers for illumination
because of their small size, high power and stability. As advancement in power levels continues to increase, these

light source

s will continue to be more widely used in this field.
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Figure 2 — Operation of an extinction optical system

5 Performance of particle measurement device

5.1 Particle-sizing accuracy

Data profluced by optical single-particle counting instruments are affected by several system parameter:
to the size of the particles being measured. For this reason, the statement of particle-sizing accuracy is
the capgbility for accurate measurement of calibration particles. There are two types of particle
calibration. In some application areas (pharmaceutical or fine chemicals production), isotropic sphere
refractivg index are used; each batch of these calibration particles is.monodisperse with a Gaussian

distribution with a known small standard deviation. In areas where there are a wide variety of irregul
particles |with the possibility that the nature of the material may not\be known or may vary with time, t
calibration particles are polydisperse with a known particle size distribution and are prepared as a susf
a carefully determined concentration of the particles inxthe liquid which is of concern. When

monodisperse calibration particles is measured by an instrument, the median value of the reported

distributipn for monodisperse calibration particles shalb,not vary from the correct value (defined by
referencg method) of the standard particle batch by\more than 5%. When a batch of polydispersq
particles [is measured by an instrument, the cumulative concentration at any selected size shall not dif
specified| value by more than 10 % unless the specified population of particles at the selected size is s
statistica| effects for “sparse” sample data indicate that an anticipated confidence level of 90 % cannot b

In either
calibratio
standard

case, the instrument performance in terms of variation from the specified values shall be
n at intervals no greater than that specified by the instrument producer or by reference to an
calibration method agreed-upon between the producer and purchaser of a product whos

5 in addition
pbased upon
s used for
s of known
particle size
arly shaped
he standard
ension with
a batch of
particle size
a suitable
calibration
fer from the
o small that
e expected.

verified by
operational
e quality is

defined Ry data from the particle=sizing instrument. A maximum interval of no more than one year is rec

5.2 Particle-sizing resolution

The part
same siz
Counters
being at
larger nu

cle-sizing resolution defines how well a particle counter can differentiate between particles
e. This.capability affects particle counting and sizing accuracy, particularly at the small

mmended.

nearly the
ize ranges.

withpoeor resolution identify a broader range of particles both above and below the threshold size as
hat‘size than do counters with better resolution. The result is that counters with poor resolution indicate a
mber of particles at the smallest size range of the counter because of the steep slope of th¢ power-law

particle size distribution seen in many particle systems.

The particle-counter-sizing resolution is stated as the increased width of the size distribution reported for near-
monodisperse particles. A counter with acceptable resolution shall increase the reported standard deviation for

monosize particles by no more than 10 %. Values of 3 % to 5 % are common for instruments with sam

ple rates up

to a few hundred millilitres per minute. For higher flow rates, the sensing zone area in the direction orthogonal to
the flow path is increased to ensure that the particle residence time in that sensing zone is sufficient for accurate
sizing. When sensing volume dimensions are increased, the scattering angles for particles passing through

different parts of the sensing zone may differ to the point where significant variation in signal will
identical particles, depending upon their location in the sensing zone.

© 1SO 2000 — All rights reserved
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5.3 Particle-counting accuracy and concentration limits

When the particle counter is operating correctly, the counting accuracy for monodisperse particles at the upper and
lower boundaries for each size channel shall be 50 % + 5 %. This means that half of the particles equal to the lower
boundary size channel threshold are reported within the channel and half are reported within the contiguous
smaller size range channel. Similarly, half of the particles equal in size to the upper boundary size of that channel
are reported as being within the channel and half are reported as being within the contiguous larger size range
channel. If the channel of concern is the smallest size range of the instrument, then all particles that produce a
signal approximately larger than the minimum size threshold or smaller than the maximum threshold for that
channel should be counted with 100 % accuracy. This situation is normal for single-particle counting instruments
with a number of contiguous size-range reporting levels. However, if the optical system is misaligned so that some
sampled liguid bypasses the sensing zone, the counting efficiency will also be low. If the flow system of-the counter
is designed|or constructed so that flow eddies exist within the sensing zone, then an excessively high‘coeupting rate
will be repofted,due to sample recirculation through the sensing zone.

fluid measuring system also affects the counting accuracy. Flow-measurement @gccuracy is
gas-borne particle counters than with liquid-borne particle counters. Many gas:berne particle
are used il areas where concentration is reported as particles per unit volume of gas ‘at’ambient preg
temperaturg rather than at standard conditions. If the counter uses a gas-flow metering system based on
flow measyrement, then moving the instrument from a sea level environment te-a-mountain area can
signficant efrors in the reported particle concentration.

A greater
counters
sure and
the mass
result in

ce within
ithin that

If the particle concentration in the sample is greater than the design limit for'the counter, particle coincider
the sensing zone will cause low counting efficiency. This is due to more-than one particle being present W

zone at an
equivalent
the sensin
(usually ov
validity of th
any suspe
procured. |
measuremsg

concentratipn, it may not be possible to report~a-specified confidence limit unless large sample voly

measured g

6 Partid

No matter how well an instrument-is designed and constructed, it must be operated correctly in order td

valid data. T
procedures
the status

documentation is valid and current. Further details will be provided in the discussions on specific instrum

in ISO 1337

time. In that situation, the coincident particles are reported as an individual particle wi
the summed size (based on the viewed area) of the individual particles simultaneously pres
zone. The resulting data are then incorrect, both in terms of inadequate particle number and
rsize) particle size being reported. If the particle cencentration in the sample is very low, the
e reported data will also be low. This situation arises simply because particles are randomly s
sion and very small samples are not representative of the entire population from which
Required minimum data quantities for speeific instruments shall be based upon sampl
nt capabilities and specified confidence*limits. However, when measuring suspensions with

r many small samples are observed.

le-counter operation

he instrument shall\be in good working order and it shall have a current calibration report. The
for ensuring operability and calibrating the instruments require preparation of documentation
pf the instrument. The operator shall ensure that the instrument is in good condition and

3-2 and SO 13323-3.

The instru

ent‘'shall not be used in an environment which exceeds its capabilities. The external envir
temperatulﬂ@ﬁﬂmﬂ%&ﬂ&;h&amﬁ&ﬂmm@ﬁmwﬂ&a&w

h a size
ent within
ncorrrect
statistical
tuated in
they are
e-volume
very low
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produce
standard
verifying
that the
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hall meet

the limits defined by the manufacturer. In addition, sample acquisition and handling procedures, which will not
degrade the sample in any way before or during the measurement, shall be used.

6.1 Environmental constraints

For most particle measurement instruments, environmental requirements are defined by the manufacturer. These
include information on allowable environmental temperature, pressure, and relativd humidity ranges; electrical
power, voltage, and frequency range limits are provided; sample-fluid condition limits may also be given. These
may include fluid composition limits or sample line pressures, particularly if particles in corrosive fluids or in very
high pressure systems are to be characterized.
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6.2 Sample-acquisition requirements

1:2000(E)

Detailed discussions of powder system sampling and powder dispersion into fluids are not considered here. A brief
discussion of sample acquisition from fluid systems which contain particles is presented here. In addition,
consideration of fluid flows within the measuring instruments is included in the discussions of specific instruments in
ISO 13323-2 and I1SO 13323-3.

Sample acquisition shall not change the environment from which the sample is taken or change the sampled fluid in
any way during the sampling process. Samples shall be acquired at a sufficient number of locations to ensure that
any variations which may be present in the entire fluid system will be encompassed by that sampling process. At
each sample location, a sufficient volume shall be sampled to permit generation of enough data to allow the

application of normal statistical processing to the measurements collected at that location in order tQ

d
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mpling from a flowing fluid, differences between the velocities of the stream and the sampled fl
le-probe inlet affect the sample-probe inlet efficiency because of particle inertia. Wheén these v
sampling is isokinetic. This requires that the probe inlet faces into the fluidystream flow &
$ where the Stoke's number is less than one. In this situation, particles accommodate quickly

between that of the sampled air stream and that of the sample probe.\Fhis situation exists
han about 2 um in diameter and for conditions where the mismatch”between the sample
air velocity is less than a factor of 1,5 or so. For larger particles and greater velocity differencq
more than 5 % can be expected. When sampling from liquid stréams, particle inertia forces arg
e greater density and viscosity of liquids as compared to gas.~\In that situation, anisokinetic sz
t when measuring particles less than 10 um in diameter with the stream/probe velocity mismat

mpling from a turbulent or static fluid body, isokinetigz;sampling is not possible. It is necessai
Cles in the fluid are well dispersed and that the dispérsion process has not introduced artifacts
from the fluid. Artifact introduction is a problem_when working with liquid; dispersion involves
th possible introduction of gas bubbles during.mixing. Care shall be taken to control the mixing
at provides suitable dispersion within the liquid without introducing air, which forms bubbles
d as particles. When working with static ‘gas suspensions, particle loss due to deposition on s
e to Brownian motion, sedimentation; electrostatic effects, etc. A more serious problem
jas movement due to introductionof the sample probe into the body of static gas. This
in particle trajectories within the gas. In that case, exact definition of the gas volume fron
particles were acquired becomes very difficult. Again, as with isokinetic sampling, the smal
um) will follow the air streamlines quite closely, but the larger particles will not do so.

mple has been collected, it may be necessary to transport it to the measuring instrument throd
fcles may be lost as7a result of deposition on the transit line walls. Such losses should be m
he lines vertical,.minimizing the residence time in the line, avoiding abrupt changes in line dim
tion, and by maximizing any radius of curvature if line direction changes are required. These
to minimize,large particle losses by gravitational deposition and small particle losses by
eposition,
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Annex A
(normative)

Theoretical background of light scattering

The derivation of equations defining light-scattering is available in the literature and will not be repeated here.
Without going into detail on the derivation, the important parameters which define scattering from a particle include

the particle
suspension
theoretical

scattering

scattering t
that for per
(90°), as sh

Equation A

D;Lc, t:lc |c=ativc |cf|a\,tivc illdc}\ |atiu (buth |ca: al Id ;IIIaUIIIaIy bUIIIpUIICIItb) Uf t:lc paltiu:c d Of the
medium, the illumination wavelength, and the solid angle over which the light is celledted. The
Felationship for light-scattering by small particles is shown in equations A.1 and A.2“the [Rayleigh
pquations for small particles. Equation A.l, for perpendicular polarized light, shows neafly equal
hrough all angles, while equation A.2 for parallel polarized light, shows scattering, equal in infensity to
pendicular polarization at 6 = 0 rad (0°) and 6 = = rad (180°), while decreasing o zero at ¢ =[0,5= rad

pwn in Figure A.1.
2
n?-1
L X A.l
(n2+2 (A1)
2
i n2—1 2
- X cos‘ @ A.2
: [n2+2 (A-2)
x=0,12 pm x=0,4 um

Figure A.1 — Light scattering from small particles (Rayleigh scattering)

3 is the:Mie scattering equation describing scattering for particles of larger size with vertically polarized

light. Equa

ion”A.3 describes scattering for horizontally polarized light. Figure A.2 shows the scattering pattern

expected frpm.slightly larger particles and Figure A.3 shows the scattered-light flux variation with a scatterjng angle

for particles

significantly larger than the light wavelength.

2

< 2n+1
I, = A.
’ El rFEy [anrn (cos ) + by, (cos 0)] (A.3)
where
a,and b, are complex amplitude functions dependent on n and x.

7, and

10

7,  are angular functions depending on 6.
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N =7/ N
—

] | YA / TTTTITRNN
x=1,4 um X=2um

Figure A.2 — Light-scattering from larger particles (Mie scattering)

Ui
)

N

x >>illumination wavelength

Figure A.3 — Scattered-light flux variation‘with scattering angle for very large particleg

© 1SO 2000 — All rights reserved

11


https://standardsiso.com/api/?name=201bb122be9dfcf007d622fe19d138b5

