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1. INTRODUCTION

FRESNEL-C is the program for calculating and plotting against incidence angle Fresnelian
reflectance and transmittance at the interface of two media with complex refractive indices.
FRESNEL-C also calculates polarization degree of reflected and transmitted optical radiation
as well as critical, Brewster’s and pseudo-Brewster’s angles.

Usually, Fresnel's law is written for the simplest case when the medium from which a ray
falls onto two media interface, is transparent (i.e., its extinction coefficient is equal to zero
or very small). However, in some instances (e.g., in photolithography, or at the studying of
reflectance for paints and various coatings on the metallic substrates), it is impossible to
neglect absorptance of the first medium because this might lead to incorrect physical
results.

FRESNEL-C is intended for researcher working in area of optical radiometry, photometry,
optical technology, and also for in-depth studying of Fresnelian reflection.

FRESNEL-C works on PC with operating system MS Windows from 2000 to 7. Screen
resolution must be 1024x768 pixels or greater.
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2. THEORETICAL BASIS

2.1. Electromagnetic Radiation

Physical optics considers optical radiation as electromagnetic radiation of optical frequency
range —from UV to far IR. Electromagnetic radiation is a form of energy exhibiting wave-like
behavior as it propagates. Electromagnetic theory is based on Maxwell’s equations
according to which a time-varying electric field generates a time-varying magnetic field and
so on. Such oscillating fields together form a propagating transverse electromagnetic wave
which has both electric and magnetic field components, which oscillate in phase
perpendicular to each other and perpendicular to the direction of energy propagation. In
vacuum, electromagnetic radiation propagates at the speed of light, ¢ = 299,792,458 m-s'l;
in a material medium electromagnetic radiation propagates at the speed less than c.

Maxwell’s equations lead directly to electric field intensity £ and magnetic field density B
satisfying the wave equation for which the solutions are linear combinations of plane
waves. We omit all mathematical and physical issues concerning derivation and solution of
appropriate equations and refer interested reader to numerous books on electrodynamics,
e.g. [1-4].

2.2. Polarization of Electromagnetic Waves

Electromagnetic waves as transverse waves can be characterized by their polarization state
that describes the orientation of wave oscillations. The polarization of electromagnetic
waves is described by specifying the orientation of the wave’s electric field intensity, E, at a
point in space during one period of the oscillation. Oscillations in electromagnetic wave
propagated through vacuum are perpendicular to the wave’s propagation direction. The
wave is linearly polarized if the vector E of electric field is oriented in a single direction. In
the cases of circular and elliptical polarization E rotates at the time of wave propagation and
can be decomposed into two mutually perpendicular components at any time of oscillation
period.
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2.3. Optical Constants of Media

The characteristics of medium that in general use in optical region of electromagnetic
spectrum are the refractive index, n, and the extinction coefficient, k. They are often called
optical constants of material under consideration. Optical constants of media are not true
constants; they vary with the frequency of optical radiation.

Refractive index of a medium is a ratio of the speed of light in vacuum to that in the
medium under consideration. For dielectrics, n >1; metals may have n <1for some
wavelengths (see for details Ref. [5], Chapter XII). Here, we’ll not consider such artificial
structures as metamaterials [6] with negative refractive indices at some wavelengths.

The extinction coefficient indicates the amount of absorption loss when the
electromagnetic wave propagates through the medium. For lossless medium (vacuum),
k =0; for other media (except special situation as leasers), k£ > 0. Positive value of k
determines material’s transparency.

A complex refractive index can be defined as m=n+i-k, where i*> =—1. There is
alternative definition of a complex refractive indexas m =n—i-k, but we'll use the first
definition since the convention about the sign of imaginary part of m does not affect the
results we’ll use.

Reference data for n and k of solid materials can be found in [7]. There is also voluminous
literature containing optical constants data for various specific materials.

2.4. Reflection and Refraction Laws

Detailed description of physical phenomena occurring when the optical radiation intersects
the interface of two different media can be found in many fundamental books on optics
(see, for instance, Refs. [5, 8 — 11) In brief, plane electromagnetic wave incident onto a
boundary of two homogeneous media having different optical properties is split into a
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transmitted wave penetrated into the second medium and reflected wave propagated back
into the first medium. Generally, both components are polarized even if incident radiation is
unpolarized, and their polarization degree depends on optical constants of two media as
well as the incidence angle.

If the interface between two media is plane and smooth enough (this means that the
wavelength is less significantly than the average roughness size), the reflection is considered
as specular (or regular). Specular reflection obeys the following laws: (i) the incident ray, the
reflected ray and the normal to the surface of reflection at the point of the incidence belong
to the same plane; (ii) the angle between the incident ray and the normal is equal to the
angle between the reflected ray and the same normal:

0 =46, (1)

r 1

where 6. and 6 _are above-mentioned incidence and reflection angles, respectively.

The plane in which the incident ray, the normal to the surface, and the reflected ray lie is
called plane of incidence.

When optical radiation crosses over the boundary of two media with refractive indices n;
and n,, the following relationship (Snell’s law) takes place for incidence angle 6, and

refraction angle 6, :

sing, _ n, 2)

sing, n
If to introduce relative refractive index n =n, /n, , Snell’s law can be re-written in form

sin 6, . 3)

sind,
The refraction angle can be expressed as

0, = arcsin( sing, j . (4)
n
. . . .. Sinéd, . .
It is easy to see that Eq. () is valid only if ~<1. The critical angle 6, is the value of 6,
n
for which 6, equals 90°:
. . [ n,
0. = arcsinn = arcsin| —= |. (5)
ny



FRESNEL-C MANUAL © 2011-2013 VIRIAL INTERNATIONAL, LLC

This means that if optical radiation propagates from the medium with the greater refractive
index to the medium with the lesser refractive angle, there is the critical incidence angle
6, defining by Eq. (5) above which no radiation passes trough the boundary of media; all

incident radiation will be reflected. This phenomenon is known as total internal reflection.

2.5. Fresnel Equations

The fraction of the incident power that is reflected from the interface is given by the
reflectance R and the fraction that is refracted is given by the transmittance T. The values of
R and T depend on polarization of the incident radiation. The Fresnel equations allow
calculating the reflectance and transmittance at a plane boundary between two different
media. Here and hereinafter, we shall assume that (i) the incident wavefront is plane and (ii)
both media are homogeneous and isotropic.

In many monographs, handbooks, and textbooks on optics [5, 8 - 12] it is also assumed that
both media are perfectly transparent, i. e., k, =k, =0. In this case, if the radiation is

polarized with the vector of electric field intensity perpendicular to the plane of incidence
(s-polarized), the reflectance R can be calculated as:

2
R - n,cos@, —n, coso, ’ (6)
~ \mcos@ +n,cosb,

or, after application of Snell’s law:

- 12

2
n,cosd, —n, 1—(msin9)

1
mn,
2
n .
n,cosd, +n, 1—(‘s1n9i]
n,

If the incident radiation is polarized in the plane of incidence (p-polarization) then

(7)
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2

» = : (8)

i 2
5 n,|1— (nl sin QiJ —n, cos b,
R _(nl cosd, —n, cosé’l) n,

n, cos @, + n, cos 6,

2
n, .
n, . |1- lsmel.] +n, cos 0,

n,

If the incident radiation is unpolarized, i. e., consists of equal amount of random
polarization states, the reflectance is R = %(Rp + Rs). Energy conservation law leads to the

following equations for transmittances:

T,=1-R; T=1-R. (9)

For 6, = 0" we obtain well-known formula for normal reflectance:

2
R:RP:RS:LM] . (10)
n1+n2

As it was mentioned above, Egs. (6) — (10) are written for the case k, =k, =0 (case of
lossless media). When k, # 0and k, #0, Egs. (6) — (10) become invalid. Hereinafter, we’ll
follow mainly Ref. [13].

The geometry and notation for this general case are shown in Fig. 1. The boundary
separates the first medium with the complex refractive index m, = n, +ik,, from the second

with m, = n, +ik,. A plane wave is incident on the surface from medium 1 into medium 2.



FRESNEL-C MANUAL © 2011-2013 VIRIAL INTERNATIONAL, LLC

Incident Radiation Reflected Radiation

Medium 1

m=ng+ ik,

Medium 2
my= nyt ik,

Transmitted Radiation

Fig. 1. Geometry and notation for reflection and transmission at the interface of two media.

By introducing m , the refractive index of the first medium relative to the second,

m=""2—p1ik, (11)
ml
one can find
p= (12)
n +n,
and
k:%. (12)
n; +n,
2 72 v ? _v]?
R :[(n k)cos@i X] +[2nkcos6, — Y] (13)

3 [(n2 —k2>cosHl. +X]2 +[2nkcos, + Y] '
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(cos@ — XY +Y?

R = , (14)
" (cos@+X) +Y?
where
X2 =2k —sin 0+ (n® —k* —sin® 6] +4nk?, (15)
Y2 =k +sin® 0, —n? +/(n? — k2 —sin> 6] +4n°k? , (16)

The sign of VY7 in Eq. (13) should be chosen to provide correct transition from Eq. (13) to
Eqg. (8) for £k —> 0.

If R,=0 (this is possible if and only if £ =0, i. e., when both media are lossless ), reflected

radiation is linearly polarized in the plane perpendicular to the plane of incidence. Angle for
which this occurs is called Brewster’s angle. It has a simple expression:

0, = arctan 2 . (17)
nl

If K, >0 or k, >0, R, also reaches minimum, but its value remains positive. In such a case,

we deal with the pseudo-Brewster angle. It can be found from the solution of a cubic
equation in sin’ 8, [14].

The polarization degree of reflected and transmitted radiation are defined as

R —
P =100%-— P (18)
R +R
s V4
and
I -T
P =100% -——2~, (19)
T +T

s P

respectively.

10
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P is always positive and becomes +100% at the Brewster angle. P, can be negative but
never reaches -100%. The sign of polarization degree define the direction of the wave phase
shift that occurs after reflection and transmission.

11
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3. WORKING WITH FRESNEL-C

3.1. Installation of FRESNEL-C

FRESNEL-C does not require special efforts for installation. Simply download the Evaluation
version of the program from www.virial.com and unzip fresnel_c.zip to any place of the
hard drive and run fresnel_c.exe. The following window will appear:

= FRESNEL-C: Evaluation Version

Reflectance ! Transmittance . Polarization

Medium 1
Retractive Index, nl . 14 (] Rp Ris 3l Fp/Rs | &
1000 3] 3 I
Extinction Cosfficient, k1 : ¥ — Rp
0.0000000 -3 : ¥ — Rs
: W —r
! [T — RpiRs

Medium 2

Refractive Index, n2
2000 3]
Exrtinction Coefficient, k2
0.0000000 -3

Regular Refectance
=

Incidence Angle
Min. [} 0000 -3

Max [ 0000 -3

o
Angular Resalution (] :‘ Incidence Angle

.
=

Automatic Calculations:
L

7472011 2.48:12 PM

FRESMEL-C Copyright € 2011 Yirial International, LLC

Fig. 2. FRESNEL-C before activation (Evaluation Version)

Press ; the Activation window will appear:

FRESNEL-C: Activation

FRESHEL-C will run in the Evaluation mode until
wou snter the activation key and press "0K"
buttan. To purchase license and receive the
activation key, visit www. virial.com

Activation Key:

ok ] [ X Concel

Fig. 3. Activation window

12
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Enter the activation key then press ¥ 1, This turns Evaluation version into full-functioned
program:

F FRESNEL-C B(=)E)
Medium 1 Reflectance . Transmittance . Polarization
Refractive Index. nl T L[] fip s i Boisl) &
= i |
Extinction Coefficient, k1 : v — Rp
0.0000000 -2 : ¥ — Rs
H ¥ —R
Medium 2 n I — Rp/Rs
2
Refractive Index, n2 %
2,000 3] B
Estinction Cosfficient, k2 %
. &
0.0000000 -2 &
Incidence Angle
Min. [} 0000 -3
Max %) a0.000 -] H
= o
Angular Resolution (] 1.000 ZI Incidence Angle
Edit Graph ¥
Wisit www.virial.com
Automatic Caleulations
FRESNEL-C Copyright © 2011 Virial International, LLC 7772011 2:45:20 PM

Fig. 4. FRESNEL-C after activation (full-functioned program)

3.2. Calculations with FRESNEL-C

There are two modes of calculation and graph plotting using FRESNEL-C:

e Non-automatic calculations that available always by pressing and allow to fill
the tables and plots dependences on incidence angles and

e Automatic calculations that are performed in real time as soon as initial values are
changed. This mode is available only if checkbox [ uemsticCauations js checked and
angular resolution is not less than 0.19; if angular resolution is less than 0.19, the
appropriate checkbox is unchecked and disabled: O

Input of initial values can be done using keyboard or spinners * attached to editable fields
and increasing/decreasing numerical values incrementally. Initial values are:

e Refractive Index, n1, of the first medium from which radiation falls onto boundary,

e Extinction Coefficient, k1, of the first medium,
e Refractive Index, n2, of the second medium,

13
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e Extinction Coefficient, k2, of the second medium,
e Min. and Max. Incidence Angles (in 2), and
e Angular Resolution (in 9).

Calculations are performed for each incidence angle from Min. to Max. with an increment
equals angular resolution for the following functions:

Reflectance R, for p polarization state,
Reflectance R; for s polarization state,
Reflectance R for unpolarized radiation,
Ratio R, /R, ,

Transmittance T, for p polarization state,
Transmittance T for s polarization state,
Transmittance T for unpolarized radiation,
Polarization Degree PR for reflected radiation, and
Polarization Degree PT for transmitted radiation.

LN kWM

All these functions are represented in graphs and in tabular form (see Figs. 5 —7), each on
the separate tabbed page. The content of each table together with the initial data and such
an additional information as critical, Brewster and pseudo-Brewster angles, etc. displayed
under the graph can be saved as a text file after pressing (& saess. | A sample of such a
text file is presented below.

nl=1.900000, k1 =0; n2=3.40000, k2 = 1.4; 91 points
Relative Complex Refrative Index = 1.78947 +i * 0.73684211
Pseudo-Brewster Angle (PBA) = 61.846°

Rp @ PBA =0.02382

Rs @ PBA =0.392605

(Rp/ Rs) @ PBA = 0.06067

Angle(°) Rs  Rp R

0.000000 0.140100 0.140100 0.140100

1.000000 0.140059 0.140141 0.140100

2.000000 0.139937 0.140263 0.140100

3.000000 0.139733 0.140467 0.140100

4.000000 0.139447 0.140754 0.140100

5.000000 0.139080 0.141123 0.140101

6.000000 0.138631 0.141575 0.140103

7.000000 0.138101 0.142111 0.140106

8.000000 0.137489 0.142732 0.140110

9.000000 0.136795 0.143438 0.140116

10.000000 0.136019 0.144231 0.140125

80.000000 0.232908 0.708627 0.470767
81.000000 0.270883 0.733234 0.502058
82.000000 0.314542 0.758769 0.536656
83.000000 0.364698 0.785261 0.574980
84.000000 0.422292 0.812740 0.617516
85.000000 0.488417 0.841234 0.664825
86.000000 0.564347 0.870774 0.717560

14
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87.000000 0.651568 0.901390 0.776479
88.000000 0.751825 0.933112 0.842468
89.000000 0.867164 0.965972 0.916568
90.000000 1.000000 1.000000 1.000000

FRESMEL-C
Medium 1 Feflectance | Transmittance . Polarization

R e n1=2.300000, k1 = 0.0235; n2 = 1.50000, k2 = 0.00015 e L2 L z =

290 2] - k1 = 0.0235 -50000, - [N 0 35563 0.9gEe4  O.955E4

- - 1000 0S955ES  095EED (95564

ErtDclon/Gocticienioh] ¥ —Te 2000 095580 D0S5548 095564

00235000 = g L F 000 NSERDT  NSER2T  (OESGA

o o R 4000 0363 05547 0B

2 5000 DS9EEES 095469 (95563

iR R £ EODD DSETT4 09EMZ 09556

1500 = z 7000 0S57EB 09535 (L9552

Extinction Cosfficient, k2 E 8000 0395832 035288  0.95560

0.00015 =] £ 9000 09894 0951 (95558

& 10000 0955 095123 (95554

Incidence fnale MO0 095077 095023 0.98550

Min. [ 000 2] fHznon nSsiT 084910 09ER43

: 13000 D9E2T 094783 (9553

Max ) a0.000 -] 0 i ; . . : - - - 14000 096406 094642  0.95524

. = L T U 15000 NOEEIE 094484 0OEEID

Angular Resalution (] 1.000 ZI Incidence Angle 16,000 0SEETE 094308 0.95452
Edil Gragh 17000 0SEEIE 0913 096463

nl = 2300000, k1 = 0.0235; n2 = 1.50000, k2 = 0.00015; 91 points
Relative Complex Refrative Index = 0.65211 - i * 0.0065976099
Pzaudo-Brewster Angle (PBA) = 33.104°

Rs @ PBA = 0.16249 = ave b,
Automatic Calculations: (Rnj/{Rs) @RBALS0/0002 __Aboul

FRESMEL-C Copyright @ 2011 Wirial Intemational, LLC 74742011 2.51:42 PM

Visit wwrw.virial.com

Fig. 5. Tabbed page “Reflectance”

FRESNEL-C
Medium 1 Reflectance  Transmittance . Polarization

Helizctive Indeiein] nd = 2.300000, k1 = 0.0235; n2 =1.50000, k2 = 0.00015 B Lo L &

20 ] - ) ki = 0.0235; -50000, k2 - 04 [EXTENN 03556 95564 0.95564

1000 DS95SER  09SEAD  (.95564

Extinction Coefficient, IiT | |®W=Tn 2000 095580 095548 0.955G4

00235000 o g D 13 I000  NSERDT  NSERIF  0.9A5G4

S e . ) (4000 095630 05547 0.Eed

o 5000 DSEEED 095459 (95563

Refractive Inde. n2 £ - 5000 085714 DS5412  09EEG3

a E

1500 = z . 7000 0S6VER 095365 (95582

Etinction Cosffisient, k2 = BODD 095832 095288 (95560

000015 -3 H ) 9000 095904 095211 0.95558

& e 0000 N9EAG  NSE123 006554

Incidence. Angle, . MO0 0SE077 095023 036550

Wi (' 00002 fMzom0 0gstE7 DSeT0 098543

& 12000 D9E27 094783 (0955

Max ('] an.n0n -3 14000 NORADE  NS4E4Z  00E524

) = 15000 NSEA3E 054484 0.SEEID

Angular Resolution [ | 1.000 2 Incidence Angle =0 looet loceos looni
Edit Gragh 17000 09866 0943 D9MES

ml = 2300000, k1 = 0.0235; N2 = 150000, k2 = 0.00015; 91 paints
Relative Complex Refrative Index = 0.65211 - i * 00065975099 Visit wwwevirial.com

Pseudo-Brewster Angle (PEA) = 33.104°
Rp @ PBA = 0.000047 ry e
Rs @ PBA = 0,16249 =l ave s

Automatic Calculations (Re / Rs) @ PBA = 0.00029

FRESMEL-C Copyright @ 2011 Wirial Intemational, LLC. 74742011 25232 PM
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Fig. 6. Tabbed page “Transmittance”

£ FRESNEL-C (=[]
Medium 1 Reflectance . Transmittance | Polarization
Befractivellodexin 1=2.300000, ki =0.0235; n2 =1,50000,k2 =1.5E05 e il Al 8
2300 %] ni=2 it S sl (G 00053 0.00046
TR ; " e - P—— 1.000 0.08343 000388
whinction Coefficiant, e olarization Degree
oz35am0 =] i of Radiation: 2000 0.36429 001691
- = ¥ — Reflocted (PR) 3000 063381 00387
70
Medium 2 it W — Transmitted (PT) 4,000 1.43434 006337
§ ! 5.000 2.34905 010906
Refractive Indes, n2 . £ a0 £.000 340205 015797
1500 2 2 7.000 A6 02163
Extinction Caefficient, k2 20 aom 612342 0.28457
0.000015 =] 4= 3000 7.60412 036281
o ; g 10.000 9.70759 045168
Incidence Angle . 11.000 MNaMee 055185
Min, ) 00002 ek " 1zonn 1421465 0EEI0T
20 f-- 13.000 1683602 0.78684
Max (1) 80000 < 30 42 = 14.000 1971120 092363
ariuls Rescaion () | 1.000 2 0% #10% 2oO% $30; AU ol B0 J0% B0: 15,000 2285117 1.07429
ngular Resolution [*) = Incidence Angle L s B
£ il Graph 17.000 2994885 142126 2
nl = 2.300000, k1 = 0.0235; n2 = 1.50000, k2 = LSE-05; 91 ponts
Relative Complex Refrative Index = 0.65211 - i * 0.0066562994 irial
Pseudo-Brewster Angle (PBA) = 33.104° Visit Wwww virial.com
R i@ PEA = 0.000048 T
Rs i@ PEA = 0.162489 = ave bs.
Automatic Calculations tRp [ Rs) @ PBA = 0.00029
FRESNELC Copuight © 2011 Viral, Inc. 6/11/2011 120719 PM

Fig. 7. Tabbed page “Polarization”

3.3. Working with Graphs

FRESNEL-C allows plotting a magnified fragment of the graph: holding left mouse button
depressed, drag the cursor right and downwards to zoom (see Fig. 8) and left and upwards
to unzoom.

nil =2.000000, k1 =0.003; n2 =4.90000, k2 =0.05

Regular Refectance

T T T T
0" 10°  20° 307 40° S0° &0° 00 80"
Incidence Angle

16
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Fig. 8. Use of zoom

To displace curves relative to graph axes, hold the left mouse button depressed and move
cursor. To restore graph original position, draw a rectangle of arbitrary size by moving from
the bottom right corner to the top left one while left mouse button remains pressed.

Click the link Edit Graph below the graph which should be edited to call the Graph Editor
that has intuitive interface and provides comprehensive access to the most of the editable

properties of each graph (see Figs. 9A and 9B).

% Edit Graph (% | + EditGraph 3

Chart lSeries] Data ] E:-cport] Prirt ]

A:-cis ] Titles ] Legend] Parnel ]

br ¥ —n
b [T — Rp/Rs

Title...

| Data ] Expolt] Print ]

Fp - w Line: Fip —_—
Format l Pairt ] General] Marks]
Border..— | [w Dark 3D Line Mode:
[~ Stairs
Color.. [l | I Color Each r
Pattemn... [vw Clickable Outline

Height 20: [0 j ¥ Color Each line

Stack:  Mone - Shadow...

Treat nullz: Dont Paint -

Gradient...["]

Cloge

[

Close

IM

Access to individual series (curves)

m Series] Data ] Export] PFrint ]
Series m Titles ] Legend] Parnel ]

I Visible Scales | Tile | Labels| Ticks | Grid | Position|
I Behind Optians ] Minimum] Maximum] Increment]
Anes:

v Automatic
?iog;‘;’:i’js ¥ Wisble B i)
B ottam &z o
Depth Right [ Logarithmic
Depth Top

Log Base: I

Formatting the series

% Edit Graph X

w Series] Data ] Expolt] Print ]

Series ] Axig

Title: hd

Shyle lPosition] Format] Bolder] Text ] Gradient] Shadow] Picture]

v Wisible v Adjust Frame Alignment:  Center hd

Text:
n1=1.100000, k1 =0.1; nZ=220000, kZ=01

Edi...

Close

Cloze

Editing the graph axes

Editing the title

Fig. 9A. Screenshots that demonstrate general possibilities of the Graph Editor
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Graph Editor provides access to individual curves (series) allowing to edit all elements of the
graph (points, axes, legend, title, etc.) and adjust their properties. The Graph Editor gives
the possibility of copying to clipboard, saving in the file, and printing graphs, as well as

exporting series values in formats of text (ASCIl) file, MS Excel spreadsheet, HTML and XML
tables.

% Edit Graph

+ | Edit Graph [Z\
EE seiies | Data | Export | Fiirt | Chat | Seres | Data |0 Pint |
Series I A 1 Tithes Panel 1 Picture {Diafa !
Sule | Posiion | Syrbels | Tile | Format | Border | Tewt | Gradier 4| ¥ Series: Inchuds:
[all) - [ Point |ndex
v Wisible Legend Style:  Automalic - [V Point Labels
Fomat ¥ Header
[~ Inverted Test Style:  Left Value - & Text [~ Pink Calrs
i - =] KMl —
[~ Eont Series Calor Wert. Spacing: |0 = 5 UL Delimier
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Fig. 9B. Screenshots that demonstrate general possibilities of the Graph Editor
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4. EVALUATION VERSION VS. FULL-FUNCTIONED PROGRAM

FRESNEL-C will work in Evaluation mode until you activated it by entering activation key
you’ll obtain as soon as the license will be purchased. Evaluation Version of FRESNEL-C uses
the same computational procedures as the full-functioned program but has several
restrictions:

1. Evaluation version doesn’t allow to enter initial values using keyboard; they can
be changed only using spinners; all initial values are integer; increment is equal
to 1.

2. Angular resolution is equal to 12 and cannot be changed.

Content of tables and auxiliary information cannot be saved.

4. Graphs cannot be edited.

w

Procedure of activation FRESNEL-C is described in Section 3.1.
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6. End-User License Agreement

License

1. Under this Software License Agreement (the "Agreement"), Virial International, LLC (the
"Vendor") grants to the user (the "Licensee") a non-exclusive and non-transferable license
(the "License") to use Fresnel-C (the "Software").

2. "Software" includes the executable computer programs, related electronic
documentation and any other files that accompany the product.

3. Title, copyright, intellectual property rights and distribution rights of the Software remain
exclusively with the Vendor. Intellectual property rights include the look and feel of the
Software. This Agreement constitutes a license for use only and is not in any way a transfer
of ownership rights to the Software.

4. The Software may be loaded onto no more than three computers. A single copy may be
made for backup purposes only.

5. The rights and obligations of this Agreement are personal rights granted to the Licensee
only. The Licensee may not transfer or assign any of the rights or obligations granted under
this Agreement to any other person or legal entity. The Licensee may not make available the
Software for use by one or more third parties.

6. The Software may not be modified, reverse-engineered, or de-compiled in any manner
through current or future available technologies.

7. Failure to comply with any of the terms under the License section will be considered a
material breach of this Agreement.

License Fee

8. The original purchase price paid by the Licensee will constitute the entire license fee and
is the full consideration for this Agreement.

Limitation of Liability
9. The Software is provided by the Vendor and accepted by the Licensee "as is". Liability of
the Vendor will be limited to a maximum of the original purchase price of the Software. The

Vendor will not be liable for any general, special, incidental or consequential damages
including, but not limited to, loss of production, loss of profits, loss of revenue, loss of data,
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or any other business or economic disadvantage suffered by the Licensee arising out of the
use or failure to use the Software.

10. The Vendor makes no warranty expressed or implied regarding the fitness of the
Software for a particular purpose or that the Software will be suitable or appropriate for the
specific requirements of the Licensee.

11. The Vendor does not warrant that use of the Software will be uninterrupted or error-
free. The Licensee accepts that software in general is prone to bugs and flaws within an
acceptable level as determined in the industry.

Warrants and Representations

12. The Vendor warrants and represents that it is the copyright holder of the Software. The
Vendor warrants and represents that granting the license to use this Software is not in
violation of any other agreement, copyright or applicable statute.

Acceptance

13. All terms, conditions and obligations of this Agreement will be deemed to be accepted
by the Licensee ("Acceptance") on installation of the Software.

Term

14. The term of this Agreement will begin on Acceptance and is perpetual.

Termination

15. This Agreement will be terminated and the License forfeited where the Licensee has
failed to comply with any of the terms of this Agreement or is in breach of this Agreement.
On termination of this Agreement for any reason, the Licensee will promptly destroy the
Software or return the Software to the Vendor.

Force Majeure

16. The Vendor will be free of liability to the Licensee where the Vendor is prevented from
executing its obligations under this Agreement in whole or in part due to Force Majeure,
such as earthquake, typhoon, flood, fire, and war or any other unforeseen and
uncontrollable event where the Vendor has taken any and all appropriate action to mitigate
such an event.

Governing Law

17. The Parties to this Agreement submit to the jurisdiction of the courts of the State of
Maryland for the enforcement of this Agreement or any arbitration award or decision
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arising from this Agreement. This Agreement will be enforced or construed according to the
laws of the State of Maryland.

Miscellaneous

18. This Agreement can only be modified in writing signed by both the Vendor and the
Licensee.

19. This Agreement does not create or imply any relationship in agency or partnership
between the Vendor and the Licensee.

20. Headings are inserted for the convenience of the parties only and are not to be
considered when interpreting this Agreement. Words in the singular mean and include the
plural and vice versa. Words in the masculine gender include the feminine gender and vice
versa. Words in the neuter gender include the masculine gender and the feminine gender
and vice versa.

21. If any term, covenant, condition or provision of this Agreement is held by a court of
competent jurisdiction to be invalid, void or unenforceable, it is the parties' intent that such
provision be reduced in scope by the court only to the extent deemed necessary by that
court to render the provision reasonable and enforceable and the remainder of the
provisions of this Agreement will in no way be affected, impaired or invalidated as a result.

22. This Agreement contains the entire agreement between the parties. All understandings
have been included in this Agreement. Representations which may have been made by any
party to this Agreement may in some way be inconsistent with this final written Agreement.
All such statements are declared to be of no value in this Agreement. Only the written
terms of this Agreement will bind the parties.

23. This Agreement and the terms and conditions contained in this Agreement apply to and
are binding upon the Vendor's successors and assigns.

Notices

24. All notices to the Vendor under this Agreement are to be provided at the following
address:

Virial International, LLC

538 Palmspring Dr.,
Gaithersburg, MD 20878-2972
USA
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