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The software ABSphere is a result of theoretical research of the author for more than 20 years on the
interaction of a light beam with a particle. It is based on the rigorous theory to calculate various
physical quantities, including the scattering diagram, the forces and torques exerted by a beam of
light on the particle, the internal and external electromagnetic field of the particle.

The particle is spherical, it can be homogeneous or with concentric layered refractive index gradient.
Four different forms of light beam are considered. A user-friendly interface facilitates the use of the
software and the interpretation of results
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1. General description of ABSphere

ABSphere is developed under Windows with Delphi, an integrated development

environment (IDE). The kernel part for the calculation is written in Fortran 95.

The following three files are necessary to run the software:

1. ABSphere.exe: executable file of ABSphere,

2. ABSphere.dll: dynamic link library file necessary for the calculation,

3. ABSphere.par: the default parameter file read by the software when launching the
software. The user can load another parameter file later with the help of the submenu
Load parameters in the main menu Fi le for other configuration.

Notes:
a. The parameter file is in a text format. In principle, the user can modify it with any
text editor. But the user is strongly recommended not to modify it manually.
b. If the file ABSphere . par does not exist, an open dialogue window appears for the
user to load a parameter file.

2. Main window and main menu of the software:

The main window consists of five parts (see Figure 1 on the next page):
1. Main menu: Files, Parameters, Calculation, ViewandHelp
e “Files”: toload and save the parameter file and the calculated data file and
also to print, save or copy the graphics on the screen.
e “Parameters”: to define the parameters of the beam and of the particles.
e “Calculation”: to launch the calculation of
- Scattering diagram for a given beam and particle
- Internal — near field for a given beam and particle
- Radiation pressure as function of particle position or as function of particle
size.
- Radiation torque as function of particle position or as function of particle
size.
e “View”: to show the results already calculated.
e “Help”: to give information about ABSphere.
2. Toolbar: there are three groups of speed buttons in toolbar:
e First group — graphics: for print é, save I or copy &H the graphics on the
screen,
- % -
e Second group — parameters: for setting of beam parameters = and particle
parameters dﬁn,
e Third group — calculation: for the calculations of diagram Cﬁ:‘?and the
Flw
internal/near field@, the radiation pressure as function of particle size T or

as function of particle position *s:'z and radiation torqueT%.
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3. Graphics zone: to display the calculated result or the loaded data.
Notes:
No special zoom or displacement function is designed, but the user can use simply the
mouse to zoom or move the graphics as described below:

e Tozoom in: Point the mouse cursor at the left-top of the zone to be zoomed,
click the left button of mouse and drag with until the right-bottom of the part of
the zone. When release the mouse button the selected zone is displayed in the
all graphic window. The final point (right-bottom) can be out of the graphic
window.

e To zoom out: similar to the zoom in, but from the right-bottom to the left-top.

e To move: Drag simply with the right button of the mouse.

4. Status bar on the bottom of the main window gives some useful information about
the scattering diagram, the internal field, the radiation pressure and torque: calculated,
loaded or saved.

Files Parameters Calculation View Help

(STl P T T

----------------------------------------------------------------------------------

________________________________________________________________________

-----------------------------------------------------

---------------------------------------------------------------------

______________________________________________________________________________________

ABSphere 1.0 inls i
Corlxy.z): Cpr(a) : Diagram: computed Int:

Fig. 1 Main window of ABSphere with calculated scattering diagrams.
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zrnal field :
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3. Submenus:

1) Files
This submenu (see Fig. 2 on the next page) permits:

e to load and save the parameter file to be used for the calculation. Different
configurations parameters can be saved and reloaded with a user given file name.

e to save the calculated results in files for the further treatment with other tools. The
user can reload the data files and view them with the submenu “view” in the main
menu.

The convention of the extension of file names is following:
» par: parameter file
» prp: radiation pressure as function of particle position in the beam
» prs: radiation pressure as function of particle size for a given position in the
beam
» sca: scattering diagram for a given particle size and position
» 1Fi: internal field intensity for a given particle size and position

e to print, save or copy the graphics shown in the graphic zone
» The graphics can be saved in Bitmap or in Metafile format.

» The “Copy graphics” makes a copy of the graphics on the screen to the standard
windows clipboard in Enhanced Metafile format. The user can paste it in any
windows applications which accept this format, such as word, excel, PowerPoint

e to “Exit” the software

Fﬁﬂﬂphﬂe—.&ll Beamfpcatteﬁni Ea Sig
Parameters Calculation View Help

Load parameters

I Load scattering diagram
Load internal field
Load radiation pressure k as particle position
Load torque [ as particle size .

Save parameters

Save parameter as ...

Save scattering diagram

Save internal - near field

Save radiation pressure L
Save torque k
Print graphics

Save graphics as ...

Copy graphics

Exit

Fig. 2 Submenu files
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2) Parameters
see Appendix for the definition of the parameters

This menu (Fig. 3) permits to define the beam and particle parameters for the calculation.
There are two submenus.

| fn- ABSphere - All Beam Scattering by a 5¢

I| Files [ Parameters | Calculation View

%Il Bearn parameters

| Particle parameters

Fig. 3 Submenu Parameters

1. By choosing Beam parameters, the user will obtain the following sub-window
(Fig. 4) which permits to choose the type of the beam and to define the beam

parameters.
Setup of beam parameters Iﬁ

“Wavelength [um]; 0.5 mStop: 20
@ Gaussian beam: w0l [pm] 5 palarization [0-2]; O
e e 12656 win inme 1.2656 . ) - HRF‘:FIQHF:F![_J_'-t
T wildn [y B pulasz 2 [1-4E 1 | 7 Doughinut
|
Accept Cancel
- b L W

Fig. 4 Sub window for set-up of beam parameters

2. Bychoosing particle parameters, the user will obtain the following sub-
window (Fig. 5) which permits to choose the type of the particle (homogeneous or
multilayed) and to define the particle properties.
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angles of scattering 6. The scattering intensity can be shown as linear or logarithmic scale
(this choice takes effect even when the window is closed simply with ‘Close?”). If “Auto
clear” is unchecked, the new curve is displayed with the previous ones, in order to compare
the results calculated for different parameters for example.

Scattering diagram Iﬁ

Particle posgition ;

al
0
0

Beam center relative to particle spztemn =0
Beam center relative to particle spstemn vl

Beam center relative to particle spstemn 20

Azimuth angle [T

[nitial angle [7] [

Final angle [*]: 260

1 Stepon angle ;|1

@) Step humber: 360

Interzity in log At Clear  [] ChkLegend

lEaIcuIatiDn‘ l Cloze ‘

—

Fig. 7 Sub-window for the calculation of the scattering diagram

Il. Internal and near field

By choosing Internal -near Tield, the following sub-window (Fig. 8) appears. The
user can calculate the internal and near electromagnetic field intensity distribution in the plane
including the z axis. The orientation of the plane is defined by the angle phi relative to the x
axis. XYminand XY maxsignify the ranges of calculation on the xy plane.

The intensity distribution map can be logarithmic or linear, in colour or grey. These options
are also used for the menu View to show the field map (this choice takes effect even when

the window is closed simply with ‘Close’).
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-

Internal and near EM field

Particle position ;

Beam center relative to particle system s0

Beam center relative to particle system w0 a
Beam center relative to particle system 20 a
£ mir; -10 £ max: 10
T min; -10 T mas 10
@ Step on £ and =" 0.2 0.2
100 100

! Step number £ and ="
Observation plane phi [

Intenzity in log Color/Grey

At Mindbd 2

)]

Circle wisible

0.000 1

’Ealculatinn] ’ Clogze ]

'—

Fig. 8 Sub-window for the calculation of the internal field intensity

[ll. Radiation pressure

By choosing Radiation pressure inthe Calculation menu, the following sub-

window (Fig. 9) appears. There are two pages in this menu.

The first page Particle position permits to calculate the radiation pressure as
function of the position of the particle and to define the range of calculation. The page

consists of four parts:

> Top-left: to choose the variable x0, y0 or z0
» Bottom-left: to define the range of calculation and the step

» Top-right: to choose the components of radiation to be shown in the graphic view of
main window. These parameters are used also view the radiation pressure with menu

View.

» Bottom-right: to launch the calculation or close this submenu without calculation (the

graphic parameters take effect in any case).
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Radiation pressure @

Particle pogition | Particle size

Choice of wariable : Graphics

(7 bearn center relative to particle spstem =0 5

) * component

@ beam center relative o particle system yl 0

(70 beam center relative to particle swstern 20 ; a T component
kdirirnmn of wi ; -0 Z component
b airriarn of w0 0 Dverdraw
@ Step ony0: 1

) Step number on y - B0 ’ Calculation ] ’ Cloze ]

2 Fig. 9 Sub-window for the calculation of radiation pressure as function of particle position in the
beam

The second page Particle size permits to calculate the radiation pressure as

function of the particle size for a given position and to define the range of calculation. The

page consists of four parts:

» Top-left: to define the particle position in the beam x0, y0 and z0

> Bottom-left: to define the range of calculation and the step

» Top-right: to choose the components of radiation to be shown in the graphic view of
main window. These parameters are used also in the window view to show the
radiation pressure.

» Bottom-right: to launch the calculation or close this submenu without calculation (the
graphic parameters take effect in any case).
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Radiation pressure I&

Particle position | Particle size

Particle position ; Graphics
Beam center relative to particle systemn &0 5 [T] campanent
Beam center relative to particle system p0 0 [ component
Beam center relative to particle systemn 20 2 component
Minirmum of particle radivs © 47
Cveerdraw
M axirumn of particle radivz : 5 2
Paricle radius ; Waration of multilayered particle size:
(") Step value 0.0 @ On external radiug anly

B00 (7 Propartional ta all radi

Calculation Cloze

@ Step rurnber

Fig. 10 Sub-window for the calculation of radiation pressure as function of particle size

IV. Radiation torque

The menus and the definition of the parameters for the calculation of the radiation toque is
the same as for the radiation pressure.

4) View

This menu permits to show the computed data or the data loaded from the saved files. The
graphic parameters used here (the components of radiation pressure to be displayed, the type
(linear or in log) of vertical scale for the scattering diagram and the type (linear or
logarithmic) and the colour/grey for internal field map) are those defined in the corresponding
Calculation menu.

ABSphere - All Beam Scattering by a Sphere - ! -

Files Parameters Calculation [‘u"iew] Help

%IEI m‘i&n Qﬁ: Scattering diagrarmn

Internal - near field

Radiaticn pressure L

Torque »

Fig. 11 Submenu View

5) Help
This gives some information about the soft.
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Fig. 12 Submenu Help
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4. Appendix

1) Refractive index and the wavelength

The refractive index and the wavelength of the incident beam are sometime confusing
parameters in the Mie calculation. Here is a principle to take into account for these

A particle of refractive index m in a media of refractive indexlominated
with a beam of the wavelengthin theFREESPACE is equivalent to a particl
of refractive index ngin a media of refractive indax, =1 illuminated with a
beam of the waveleng#tx=A, /np.

parameters.

Or one can take the following table:

Real case Equivalent case
Refractive index of particle n n/Npy,
Refractive index of the media Nm 1
Wavelength Ao Am=Ao INm

2) Parameter Definition

I. Coordinate system

13
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Il. Beam parameters

fo Ko

Gaussian beam Laser sheet
(circular Gaussian beam) (elliptical Gaussian beam)

[ll. Particle parameters

My : surrounding media
refractive index

m; : refractive index of nt layer

ri : radius of n™ layer

IV. Observation plane




