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1. INTRODUCTION

RadiCal (RADlometric CALculator) is the program for calculating radiation characteristics of a gray
thermal radiation source with uniform temperature as well as radiation fluxes falling onto a
detector from such a source. It is supposed that radiation heat transfer takes place in vacuum, i.e.,
without refraction, scattering, and absorption.

RADICAL is intended for researcher working in optical radiometry, radiation thermometry, and
adjacent areas. RADICAL can also be used for educational purposes.

RADICAL works on PC with operating system MS Windows from 2000 to 8 (in compatibility mode).
Screen resolution should be at least 1280x 800 pixels.
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2. MAIN FEATURES

RADICAL performs calculations of the following radiation characteristics of gray thermal sources:

e spectral radiance and radiance temperatures as a function of spectral variable

e position and value of spectral radiance curve maximum

e in-band radiance and in-band radiance temperature for a detector with the rectangular or
Gaussian spectral responsivity shape

e radiant exitance, radiance, and radiation temperature

e irradiance distributions in the plane perpendicular to the axis of circular radiation source

e radiant flux emerged from the source

¢ radiant flux falling onto the circular detector which lies in the plane perpendicular to the
axis of circular radiation source and co-axial with it

RADICAL allows working with three spectral scales:
e wavelength in um
e wavenumberincm™
e frequencyin THz
RADICAL allows working with three temperature scales:
e absolute (Kelvin) in K
e Celsius in9C
e Fahrenheit in F
RADICAL provides a possibility to take into account the background radiation.
RADICAL presents results of calculations in form of tables and graphs. Numerical results can be
saved in text files, XLS-files (MS Excel spreadsheets), as XML and HTML tables. Graphs are fully

editable and can be saved or exported as bitmaps (*.bmp) or Windows metafiles (*.wmf).

RADICAL has the mode of automatic selection of spectral range for graphs plotting.
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3. BASIC DEFINITIONS AND EQUATIONS

3.1. Temperature scale

In all formulae below, temperature T is the absolute (thermodynamic) temperature measured in
Kelvins (K); however, RADICAL allows using alternative temperature scales: Celsius (#.) and

Fahrenheit (¢, ). Relationships between these scales and the thermodynamic scale are the
following:

t.['C1=T[K]-273.15, (1)

t:['F1=2T[K]-459.67, (2)

3.2. Spectral scale

Electromagnetic radiation transfers energy in the form of electromagnetic waves with the
associated photons. In the physical optics, the spectral scale can be represented by frequency, or
wavelength, or wavenumber.

Frequency ( /) is the number of oscillation cycles of an electromagnetic wave per unit of time. In
optical spectral range, frequency is usually measured in THz (1 THz = 10" Hz).

Wavelength ( 1) is the distance in the direction of propagation of an electromagnetic wave
between two successive points at which the phase is same (e. g., between two successive maxima),

c . L . . .
A =—, where cis the speed of light in vacuum (see numerical value in the next Section). In the

optical spectral range, wavelength is usually measured in pm (1 pm = 10° m) or nm (1 nm = 10° m).
. . 1 .

Wavenumber (v ) is the reciprocal of the wavelength,v = I . In the optical spectral range,

wavenumber is measured in cm™.

Optical radiation is electromagnetic radiation of spectral range between the region of transition to
X-rays (A ~1 nm) and the region of transition to radio waves (4 ~1 mm).
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3.3. Physical constants

Table 1 shows the most important physical constants [1] used in definition of physical quantities
and equations of fundamental physical laws employed in RADICAL. The International System of
Units (SI) is used everywhere.

Table 1
Constant Symbol | Value Unit
Speed of light in vacuum c 299 792 458 m-s’!
Planck constant h 6.626 068 96x10™* s
Boltzmann constant k 1.380 6504x10%3 J-K!
Stefan-Boltzmann constant o 5.670 400x10® W-m?-K™*
First radiation constant for spectral radiance | ¢, 1.191 042 759x107*° W-m?-sr’!
(wavelength scale)
Second radiation constant (wavelength c, 1.438 7752x10° m-K
scale)
Wien displacement law constant b 2.897 7685x10° m-K
(wavelength scale)
Wien displacement law constant (frequency | &' 5.878 933x10" Hz K™
scale)

Since RADICAL uses three spectral scales (wavelength, wavenumber, and frequency), it is
convenient to introduce five additional constants that can be calculated using the data presented in
Table 1. These auxiliary constants are shown in Table 2 to be used in Planck’s law and the Wien
displacement law.

Table 2
Constant Symbol | Value Unit
First radiation constant for spectral radiance | ¢, 1.474 199 952x10™ | W.m?2.sr' - Hz"!
(frequency scale)
Second radiation constant (frequency scale) | ¢, 4.799 237x10™! Hz!' K
First radiation constant for spectral radiance | ¢/, 1.191 042 758x10°® W-m?-sr!'-cm
(wavenumber scale)
Second radiation constant (wavenumber ) 1.438 7752 cm-K
scale)
Wien displacement law constant b" 1.961 0009 em” K
(wavenumber scale)
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3.4. Basic definitions and equations for principal quantities

In this Section, we’ll hold (as far as possible) standard terminology recommended in [2 — 4].

Perfect blackbody is the ideal thermal radiator that absorbs completely all incident radiation,
whatever the wavelength, the direction of incidence or the polarization. This radiator has, for any
wavelength and any direction, the maximum spectral radiance for a thermal radiator in thermal
equilibrium at a given temperature.

Thermal radiation source is the source emitting thermal radiation, i.e. the electromagnetic
radiation emitted due to the thermal agitation of the particles of matter such as atoms, molecules,
ions.

Background radiation is the thermal radiation of structural elements of a radiometric system,
environment, and objects within the detector’s field-of-view registered together with the radiation
of the source. Usually, background radiation is considered as the radiation of a perfect blackbody at
temperature 7, .

Radiant flux (®,, measured in W) is the power emitted, transmitted or received in the form of
radiation.

Spectral radiant flux ( CDef,CDM,CDeV) is the ratio of the radiant flux taken over an elementary

spectral interval containing the frequency f (or wavelength A4, or wavenumberv ) to that interval:

o, ~40.) {E , 3)
df Hz |

CDMJ@_(/I) [E_, (4)
dA m |

o, =42V {W} )
dv cm

Radiant exitance (M, , measured in W/m? ) is the quotient of the radiant flux d®, leaving an
element of the surface containing the point, by the area d4 of that element:
do

M,=—=. 6
Sy (6)
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Radiant intensity ( I,,measured in W/sr) is the quotient of the radiant flux d®, leaving the source

and propagated in the element of solid angle d{2 containing the given direction, by the element of
solid angle:

[ =", (7)

Spectral radiant intensity ( /

o> 1os51 ., ) is the quantity defined by formulae

I, = dd W ’ (8)
° dQ-df |sr-Hz]
I, - dd W ' 9)
dQ-dA [ sr-m |
I, = do W — |- (10)
dQ-dv |sr-cm

Radiance ( L,, measured in W/(mzsr)) is the quantity defined by formula

L, :L, (11)
dA-cos@-dQQ

where d® is the radiant flux transmitted by an elementary beam passing though the given point

and propagating in the solid angle dQQ containing the given direction; dA4 is the area of a section of

that beam containing the given point; € is the angle between the normal to that section and the

direction of the beam.

Spectral radiance ( L

o> Les» L, ) is the quantity defined by formulae

L, - dd { 2W } (12)

" dA-cos@-dQ-df | m’sr-Hz

L= e || (13)
dA-cos@-dQ-dA | m’sr
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‘Lev = dCD |: 2 W _1:|I (14)
dA4-cos@-dQ-dv | msr-cm

where dO is the radiant flux transmitted by an elementary beam passing though the given point
and propagating in the solid angle d{2 containing the given direction; dA is the area of a section of
that beam containing the given point; & is the angle between the normal to that section and the
direction of the beam; df,dA,and dv are the elementary spectral intervals in frequency,

wavelength, and wavenumber scale, respectively.

The radiance is related to the spectral radiance by the following equations:

L=[L, (1, (15)
L = TLM(/I)CM, (16)
L,= ]?Lev(v)dv, (17)

Relative spectral responsivity ( S(f),S(/i),S(v)) is the quotient of the detector output (signal) by
its input at given frequency, wavelength, or wavenumber (e.g., spectral radiant flux). Relative
spectral responsivity is expressed in arbitrary units.

In-band radiance ( L, ,,, measured in W/ (mzsr))

[, () [SAEL(RNA [SL, 0Ky
Le,ib =2 s =2 » =2 - . (18)
[s(r)dr [s(2)az [s(v)av

Planck’s law is expressed the spectral radiance of a perfect blackbody as a function of spectral
variable (frequency, wavelength or wavenumber) and temperature:

L@/',bb(faT):%' (19)
exp(;j -1
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Lei,bb( »T):CI_L;r (20)

(21)

Wien’s displacement law states that the dependences of spectral radiance of a perfect blackbody
on wavelength have similar shape at any temperature; the position of distribution’s maximum
(peak frequency, wavelength, or wavenumber) is inversely proportional to temperature:

fpegk = b'TI (22)
b

ﬂ’peak == F ) (23)

Ve =0"T . (24)

The maximum of spectral radiation curve has different positions in different spectral scales [5, 6].

Stefan-Boltzmann law is the relationship between the radiant exitance of a perfect blackbody and
its temperature:

M,=0T". (25)

Lambert’s law states that for a surface element whose radiance is the same in all directions of the
hemisphere above the surface:

1,(6)=1,cosb, (26)

where I,(0) and I, are the radiant intensities of the surface element in a direction at an angle @
from the normal to the surface and in the direction of that normal, respectively.

10
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Lambert’s law is often called “cosine law”; surface for which Lambert’s law is fulfilled is often called
“Lambertian”, “perfectly diffuse” or simply “diffuse”. Perfect blackbody obeys Lambert’s law. For a
diffuse radiation source

M =rx-L. (27)

Spectral emissivity (a.k.a. spectral emittance) is the ratio of the spectral radiance of the thermal
radiator at a given wavelength (frequency or wavenumber) and temperature and in a given
direction to the spectral radiance of a perfect blackbody at the same wavelength and temperature.
For diffuse radiation sources, spectral radiance does not depend on direction; therefore spectral
emissivity is also direction-independent.

Gray source (graybody) is the thermal radiation source whose emissivity does not depend on
spectral variable (frequency, wavelength, or wavenumber).

View factor (F, _, ) between the two Lambertian surfaces 4, and 4, is the ratio of radiant flux

leaving 4, and intercepted by A4, to the total radiant flux emitted by 4, .

cos 49 cos 492
Fy o, =— L] Lz 2O d4d4, (28)

where d4, and dA4, are the elements of areas 4, and 4,, respectively; d is the distance between
them; 6, and 6, are the angles between the line connecting d4, and dA, and normals to these
surfaces (see Fig. 1).

Fig. 1. To the definition of the view factor.

11
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Synonyms of view factor are “angle factor”, “form factor”, “shape factor”, and “configuration
factor”.

Radiance temperature (T,(f),T,(1),T,(v)) is the perfect blackbody temperature, for which the

spectral radiance at the specified frequency, (or wavelength, or wavenumber) has the same value
as for the thermal radiation source considered:

(29)

Ty(1)= “a -, (30)

T,()=— (31)

Radiance temperature is often called “brightness temperature”.

Radiation temperature (T}, ) is the temperature of the perfect blackbody for which the radiance
has the same value as for the thermal radiator considered. For the graybody,

T,=T-4¢. (32)
Radiation temperature is sometimes called “total radiance temperature”.

In-band radiance temperature (T, ) is the temperature of the perfect blackbody for which in-
band radiance has the same value as for thermal radiator considered. For the graybody, T, can be

found from one of the following equivalent equations:

J.gs(f)Lef,hb(faT)df = IS(f)Lef,bb(fﬂTS,ib )df, (33)
[ &Sy (R TMA= [ Sy (2.1, a2, (34)
_Tg S(V)Lev,bb (v, T)d2 = TS(V)Lev,bb (V’ T )dV - (35)

12
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Irradiance ( E,, measured in W/m2 ) is the quotient of the radiant flux d®, incident on an element
of the surface containing the point, by the area dA of that element.

3.5. Effect of background radiation

In Egs. (32) — (35) it was supposed that the background radiation is negligible. However, if
background radiation falling onto a detector is comparable with the radiation delivered from the
source these equations needed in corrections.

The radiance of a diffuse gray source in the presence of background radiation consists of radiation
emitted by the source and background radiation reflected by the source:

L,=Ze-r+(-2)1), (36)
T

where T, is the temperature assigned to background.

For the in-band radiance of the thermal radiation source in the presence of background radiation,
we obtain:

TS(f)[g : Lef,bb (f: T) + (1 - 8)Lef,bb (f’ Tbg )]df
Le,ib = =

Js(7)ar

[Se- L)+ (=), (2T, iz
« =. (37)

TS(/I)dﬂ.

o0

jS(V)[g Loy g (v.7)+(1- E)Lev,bb (V’];)g) dv

0

o0

_[S(v)dv

13
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Expression for radiation temperature with the account of background radiation has to be re-written
in form:

T, =4 T'+(1-¢&)T} . (38)

In different spectral scales, we obtain the following equivalent equations for the in-band radiance
temperature:

TS(f)[gLef,bb(f’T) (1 5) efbb(f I)g ]df IS efbh f TSzb) af, (39)
[Se Loy (2T)+ (1= )L,y (1.1, a2 = [ SO, (1.7 2, (40)
_[ [gLev (V. T)+ (1= g)Lev,bb (V’Tbg )]dv = TS(V)Lev,bb (V’TS,ib )dV : (41)

For in-depth studying of optical radiometry, radiation thermometry, and radiative heat transfer we
recommend books [7 - 18].

14
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4. WORKING WITH RADICAL

4.1. Installation of RADICAL

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

PR RADICAL: Evaluation Version DBEX

Temperature Scale Spectral Scale Wavelength (um)
© Kelvins (K1 ) Wavelength (um) Automatic Spectral Range Selection Min.: 0.50000 -3 max.: 10.00000 3 Number of Paints: =
Celsius Degree (°Ch Wavenumber (1jcm)
Fahrenheit Degree (°F) Frequency (THz) ‘Wavelength (um) |5p. Radiance (Wiim=sr)) | Rel. Sp. Responsiviy | &
1
Source
2000,00000 -3k 015 3
0.95000 2 H
¥
g
0-10° 05 &
Temperature: 0.00000 3 K i
Erissivity: &
025 2
Detector Relative Spectral Responsivity
< Unform
Rectangular Relative Spectral Responsivity = 1
Gaussian o
Wiavelength (umy

¥ — Spectral Radionce. v | Speciral Responsivy |

B Calcuate T T 1
L J @

[B acvate | [A sbout | [de  dose

RADICAL: The Radiometric Calculator — Copyright © 2011 Virial, Inc. 5/20/2011 7:37:43 Abl

Fig. 2. RADICAL before activation (Evaluation Version)

Press ; the Activation window will appear:

RADICAL: Activation

RADICAL will rur i the Evaluation made until
you enter the activation key and press "0K"
button. To purchase license and receive the
activation key, visit wWww . virial.com

Activation Key:

v ok | [%x cawel |

Fig. 3. Activation window

15
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Enter the activation key then press ¥ 1, This turns Evaluation version into full-functioned
program:

Ao A
Temperature scale Spectral Scale Wavelength (um)
ol Automatic Spectral Range Selection Min: 050000 2] ma:| 1000000 2] usber of Paints 200 2]
Celsius Degres (°Ch
Fahrenheit Degres (°F) Wavelength (um) |Sp. Radiance (Wiim>sr)) | Rel. Sp. Responsiviy | 4
4
Source
Temperature; | 2000.00000 |k = 078 2
= 7 g
Emissivity: 095000 -3 e H
H b
8 g
g om® 05 &
S 3 2
0.00000 -2 K . i
& 025 3
u
Rec Relative Spectral Responsivity =
Gats 0
Wavelength (um)

[¢ —Spectral Radiance [ Spenramespmwnyl

Edt Graph
o
adianc it
Irvadiance Distribution (B cacdate | Bl seve s i i
L v

e O oo

RADICAL: The Radiometric Calculator  Copyright © 2011 Viial, Inc S{z0/20117:35:29 AM

Fig. 4. RADICAL after activation (full-functioned program)

4.2. Calculations with RADICAL

RADICAL provides work in three modes for calculation Spectral Radiance, Radiance Temperature,
and Irradiance Distribution, respectively (see Fig. 5).

Cukput

# Spectral Radiance
Radiance Temperature
Irradiance Distribukion

Fig. 5. Selector of output quantities

Calculations are performed after pressing . For any calculation mode, it is necessary:

1. Choose the temperature scale (see Fig. 6):

16
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Temperature Scale

* Kelvins (k)
Celsius Deqgree (#C)
Fahrenheit Degree {°F)

Fig. 6. Temperature Scale Selector

2. Enter temperature and emissivity of the thermal radiation source (see Fig. 7):

Source

Temperakure: 2000,00000 ﬁ K

Ernissivity: 095000 -3

Fig. 7. Source Parameters input fields

3. Enter temperature of background (it is supposed that emissivity of background equals 1; see
Fig. 8):

Background
Temperature: 0.00000 ﬁ K

Emissiviky:

Fig. 8. Background Temperature input field

4.2.1. Calculation of spectral radiance and radiance temperature

For calculation of spectral radiance and radiance temperature values that will be used for graph
plotting and filling the table you have to enter the number of points and can use automatic (see Fig.
9) or manual entering mode for left and right bounds of the spectral interval. In the case of
automatic selection of the spectral range (Fig. 9), the value of Threshold chosen from the drop-

17
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down list determines the left and the right bounds of the spectral range at which spectral radiance
decreases down to Threshold value relative to its maximum value.

Wavelength {pm})

| Aukomatic Spectral Range Selection Threshold: |0.01 j Min. : :I Max.: :‘ Number of Points: 200 il

Fig. 9. Automatic selection of the spectral range; wavelength scale; checkbox is checked

If the checkbox - #rematese=alkene= =l i nchecked, you have to enter bounds of the spectral scale
manually.

Wavelength (pm)

futamatic Spectrl Range Selection Min. 0.50000 -3 Max.: 10.00000 -3 Mumber of Points: 200 -3

Fig. 10. Manual selection of the spectral range; wavelength scale; checkbox is unchecked

Increment of the spectral scale is determines by formulae:

A = (foa = o) (2 =1), (42)
A= (A = A )/ (1 =1), (43)
Av = (Vmax - Vmin )/(}’l - 1)’ (44)

where nis the number of spectral points.

For the spectral radiance and the radiance temperature calculation you can also choose the shape
of the detector relative spectral responsivity shape. If “Uniform” is selected (see Fig. 11), in-band
values won’t be computed.

Detector Relative Spectral Responsivity

# niform
Rectanqgular Relative Spectral Responsivity = 1

Gaussian

Fig. 11. Detector Relative Spectral Responsivity selector

18
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For rectangular shape of the detector relative spectral responsivity, the mean value and the width
of the detector’s responsivity band have to be entered (see Fig. 12).

Mean: &.0000a0 i| m

width: 3,00000 3| um

Fig. 12. Fields for entering the mean value and the band width of the detector relative spectral
responsivity with rectangular shape

In such a case the detector relative spectral responsivity is expressed as

0’ if0<Z<Zmean
SZ)={1, ifz,, —-tw,<Z<Z

; 1
0’ U(‘Zmean+7'WZ<Z<oo

_ 1,
2 Wz

+4w,, (45)

mean

where Z is the spectral variable ( f,A,0rv), Z _ isthe position of the center of the detector

mean

spectral responsivity band, w, is its width.

For Gaussian shape of the detector relative spectral responsivity, the mean value and the FWHM
(Full Width at Half Maximum) of the detector’s responsivity band have to be entered (see Fig. 13).

Mean: 8,00000 -3 pum

FYHM: 3.00000 3 pm

Fig. 13. Fields for entering the mean value and the FWHM of the detector relative spectral
responsivity with Gaussian shape

Gaussian relative spectral responsivity can be written in form:

19
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S(z)= Z- L ifz>o0, (45)

where Z is the spectral variable ( f,A,0rv), Z s the position of the mean value (position of the

mean

center) of the Gaussian spectral responsivity curve, s, is its standard deviation;
FWHM =5,2421In2 ~2.354820 0455, .

Figures 14 — 16 show calculation results for the spectral radiance; the initial data and results of
numerical integration are shown below the graphs.

Temperature Scale Spectral Scale Wavelength (um)
® Teeshold 001 =] min = i =] number ofPores 200 2]
Waverumber (1)
Frequency (TH) Wayelength (um) 5p. Radience (Wilm*sr)) |Rel, . Resporsiviy | A
. s7ea75 i
— o X 152973 1 aase0s f
10° 214225 3.48516E06 f
ey [ 2] N T ,
Rl 277580 205013807 0
g A1 520180 3.%861607 0
Temperatures | a00.00000 2] Eosa sarat s oroseeor f
-~ by R v
H A \ 304246 716700807 f
@ a0’ 426751 o.35224E07 f
e St = Al 45256 1 eraseos i
107 4.00509 1 oase0s f
— 511761 111063608 f
s w0 15 m s  w s 4 539014 1 13542608 i
Wavelength (um) 554287 1 1suzeE0e f
575510 115862808 f
sos772 1 154ese0e i
EdiGreoh | 1a004 1 1939608 f
639277 1 1325808 f
ETHOIS 6.6053 111415608 f
1519208 Wi <) o 5.79554 m s.o1782 1 09150608 0
= 5.35720806 Wil 3565523 m 3035 | oesEos |
et ERRN 724287 L oseEns f
7.5 =] i
76675 5.7506E07 f
7.66045 9.6 1607 f
r 5.092% 9.17065E07 f
B severs ] g sosseseo : .
irial. A About ¢ Cose
RADICAL: The Radiomelric Colclator __Copyright © 2011 Vil Inc.__ 5/26/2011 2:47:51 P10

Fig. 14. Calculation results for the spectral radiance; detector has the uniform spectral responsivity
(integration over the spectral range from 0 to <o)
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Spectral Scale
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Temperature: | 500.00000 -
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Background
Temperature: 30000000 5 K
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Mean: 800000 -3 pm

width: 3.00000 3 pm
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Max. Spectral Radiance for Backaround = 8 35729E06 (s sr) ak 3.65323 pm 681762 1.09199€08 1
Radiance = 1029.9 Wi(m*sr); Radiant Exicance = 3235.53 w2 7.03035 1.06654E05 1
Reectanqular spectral responsivity £.24287 sl L
Mean =6 ym 74554 1L01023E08 1
width = 3 pm
In-band Radiance = 278,307 W= sr); In-band Radiant Exitance = 874,327 Wim? (27,02 %) 66755 2 CIe6E0T L
7.88045 9.48671E07 1
8.09298 9.17065E07 1
83055 8.55329E07 1 &
s
/26/2011 2:51:00 PM

Fig. 15. Calculation results for the spectral radiance; detector has the rectangular spectral

¥ RaDICH

Temperature Scale Spectral Scale
) Wavelength (um)
Wavenumber {1 cm)
Frequency (THe)

) Kelvins (K1
Celsius Degres (°C)
Fahrerheit Degres (°F)

Source
Temperature: 500.00000 -3 ¢
Emissivity: 0.50000 -3
Background
Temperature: | 30000000
Emissivity:

Detector Relative Spectral Responsivity

triform Mean: 00000 - ym
Rectangular =
) Gaussian FHM: 3.00000 - um

Calculations
Output
«) Spectral Radiance
Radiance Temperature
Trradiance Distribution

Calculate

responsivity

RADICAL: The Radiometric Calculator

Copyright

011 Virisl, Inc.

Wavelength (um)
| futomatic Spectral Range Selection  Threshold: |0.01 Wi, = max = HUmber of Points: 200 2
|wavelenoth (um) | 5p. Radiance (Wj(m*s) |Rel, Sp. Responsivity | A
o 1 378875 5.23343E-06 =
: 1.92973 1.33851E06 1.17499E-05
0% T 214225 3.48516E06 2/565656-05
& 910 1 B 235478 7 30022E06 5.44845E-05
P ogant)- & 25673 1.30331E07 0.000112529
g sl ) s 277983 2.06313E07 0.000226031
< . = 2 srrsee0r 0000441557
g 610 fok 05 @ 3.20488 3.99861E07 0.000838918
g s é’ 341741 5 07084E07 0.00155012
T oaa0T)]- g taezs 6.1419E07 0.00278565
3 = 2 384295 7 16702607 000485857
& aa0Til- 025 3
- 405439 8.11171E07 0.00827542
228t 4.26751 8.9522407 0.0136802
10T H - 448004 9.67469E07 00219943
——— 469256 102733608 00343907
5 10 15 20 25 30 B 40 4.90509 1.07485E08 0.052298
Wavelength (um) 5.11761 111063808 0.0773471
|V — Spectral Rediance [ || Spectral ] 533014 il [z
559267 1.15025€08 0.155634
5.75519 1.15632E08 0211741
596772 115465608 0.280169
EditGranh ¢, g 1.19639€08 0.360537
Backgraund Temperature = 300,000 K 6.39277 1.13258E08 0.451224
f«if?ﬁé?ﬁﬂﬁf!aénff ?g:] Source = 1,15192E08 W(m*'sr) &k 5.79554 um 016053 LI115608 QiAIZ2H
tax, Spectral Radiance for Background = 8 95729E06 W{m>-sr) at 3.65323 pm 681782 1.09199€08 0650161
Radiance = 1029.9 W}{mé-sr); Radiank Extance = 3235.53 Wjm 700035 108634205 0.748525
Gaussian spectral respansivity 229207 ihikalil ) 0:00115
8um 74559 101023808 0912681
FWHM = 3 pm; Standard Deviation = 1.27398 pm
In-band Radiance = 283,002 W/{m? sr); Tn-band Radiant Exitance = 320,404 W/m? (25.45 %) 766793 9.79546E07 0.966533
788045 9.48671E07 0995607
809298 9.17065E07 099734
8.3055 5 8532907 0.971657 &
A Abowt % close
5/26/2011 2:52:52 P

Fig. 16. Calculation results for the spectral radiance; detector has the Gaussian spectral responsivity
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All initial data and calculation results can be saved in the text file after pressing (B seers. | The text
(ASCII) file saved will contain the text, and example of which is shown below:

Source Temperature = 2000.000 K

Background Temperature = 0.000 K

Source Emissivity =0.95000

Max. Spectral Radiance = 1.24509E11 W/(m?3-sr) at 1.44888 um
Radiance = 274352 W/(m?:sr); Radiant Exitance = 861901 W/m?

Gaussian spectral responsivity

Mean =4.75 pm

FWHM = 0.95 um; Standard Deviation = 0.403428 um

In-band Radiance = 13903.4 W/(m?sr); In-band Radiant Exitance = 43678.7 W/m? (5.07 %)

WL (um) SR (W/(m3-sr) Rel. Resp.

0.5 2.0430542E09  7.9601781E-25
0.54773869  4.5379458E09  2.7496307E-24
0.59547739  8.5640336E09  9.3657961E-24
0.64321608  1.4276559E10  3.1458192E-23
0.69095477  2.1615171E10  1.0419373E-22
4.1281407  2.0027849E10  0.30482526
4.1758794  1.9372131E10  0.36326766
4.2236181  1.8741776E10  0.4268952
4.2713568  1.8135697E10  0.4946916
4.3190955  1.7552852E10  0.56528381
4.3668342  1.6992245E10  0.63696753
4.4145729  1.6452927E10  0.70776125
4.4623116  1.5933989E10  0.77548787
4.5100503  1.5434566E10  0.83788029
9.7613065  1.1717609E09  3.1178337E-34
9.8090452  1.1514293E09  7.1193443E-35
9.8567839  1.1315345E09  1.6030453E-35
9.9045226  1.1120654E09  3.5593469E-36
9.9522613  1.093011E09 7.7931599E-37
10 1.074361E09 1.6825795E-37

You can also (if you wish) to collapse or expand again the table with the calculation results as it is
shown in Figs. 17 and 18.
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Temperature Scale Spectral Scale Wavelength (um)
% Keivins () =) Wavelength (urm) /| Automatic Spectral Range Selection  Threshold: |0.01 | Pin = mex = Humber of Points: 200 2
Celetis Degres (°C) Waverumber {1fem)
Fahrerheit Degree (°F) e ] Wavelength (um) | Sp. Radiance (W/(m*sr})  |Rel. Sp. Responsivity | &
kgD 1 3.75205E06 3.50821E-07 E
e 5 1.20608 1.52555E07 6 67659E-07
drig 1.33891 3.45138E07 1.15789E-06
= s
Temperature: | 500,00000 - s M0 ars 3 147174 722933607 1,98637E-06
- 7 ga0® 8 1.60456 1.29061E08 3.37078E-06
Emissivity: 0.85000 3 & ES
£ g0 S 1.73739 2.04293E08 565823606
Backeround %’ & H 187022 2.9489E08 9.395276-06
e &1 05 @ 2.00305 39580608 1.54316E-05
2 s E
Temperature: | 30000000 5 K g s0 & 2 50728E-05
& 3 :
E o4’ g Click here 4.02967E-05
Sy b ) . £.40635E-05
& om0 nos 3 to collapse table [>"*"~
Detector Relative Spectral Responsivity —
2 8,85465E08 0.000156725
WfRm S0 3 10° R 2.80002 9 56644E08 0.000241168
Rectangular en : =l H — 2.93285 1.01551E03 0.000367057
+ Gaussian Gl 300000 2 4 8 8 10 12 14 46 18 20 2 M 2B 306568 1.06213€09 0.000552738
Wavelength (um) 3.19851 1.09704E08 0.000823261
% —Spechal Redance 7 1 Spechral ) 333134 112107603 0.00121293
346417 113525609 000176771
3507 1.14088E09 0.00254839
3.72982 1.1385E09 0.00363412
EdiGrovh 5 aczee 1.1298E09 000512639
Background Temperature = 300,000 K 3.99598 111562809 0.00715324
Source Emissivity =0,85000
Max. Spectral Radiance for Source = 1.14077E09 Wi{m ™ sr) ok 362221 pm 412091 1Bo691E09 008755
Max. Spectral Radiance for Background = 8 45366E06 /(s sr) at 3.65323 pm 426114 1.07452€09 0.013481
Radiance = 6306.02 Wiim®sr); Radiant Extance = 19811 Wjmn? 4.39397 1.04922E09 0.0182075
= Gaussian spectral rasponsivity 45268 1.02168£09 0.0243253
Calculations Mean = 8 ym 465962 9.52481E08 0.0321473
output FWHM = 3 pm; Standard Deviation = 1.27398 m
e In-band Radiance = 1267.65 Win®'sr); In-band Radiant Exitance = 392,44 Wim? (20,10 %) 379245, ELETRE 00420252
Dd 4.92528 9.31005E08 0.0543442
?a ‘:m Tsmfi'af“'e 5.05811 8.99509E08 0.0695147
radiance Distribution
Caalate 519004 & 67922608 00879585 @
o
RADICAL: The Radiometric Calculator — Copyright © 2011 virial, Inc. S26/2011 3:13:09 PM

Fig. 17. How to collapse the table

Temperature Scale Spectral Scale wavelength (um)
) Kelvins (0 ) Wavelength (um) | Automatic Spectral Range Selection  Threshold: | 0,01 = max.: = Humber of Paints: 200 5
Celsius Degres (°C) Wavenumber {1fem)
Farerheit Degree (°F) Frequency (THz)
1
110°
s /
Source 110 ]
= 4 |
Temperature: | 500.00000 3 ¢ - 81 / > .
5 s ) z
Emissivity 0.55000 5 e, 22 : ] ] \ Click here -
§ 710 | e
e 5 oent] | | to show table
- s ’ \ E
Temperature: | 30000000 -3 K g 50 f 7
. . \ I
Emissivity: 5 ko E]
g B ¢
£ s : 025 3
Detector Relative Spectral Responsivity ,
. .
= 110
Uriform tean 800000 -5 pm : : e

Rectangular =
* Gaussian FHM: lﬂﬂﬂﬂﬂi‘l‘m 2 3 4 5 B 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2 22 23 24 25 W/ 27
Wavelength (pm)

[¥ — Spectrai Radiance [ Spemramespunsivml

Edit Graph

Background Temperature = 300,000 K

Source Emissivity —0,85000

Max. Spectral Radiance for Source = 1.14077E09 Wi{m ™ sr) ok 362221 pm
e, Spectral Radiance for Background = 8 45366E06 W{m:-sr) at 565323 m
Radiance = £306.02 Wj{mzst); Radiant Exitance = 19811 Wjm:

Gaussian spactral responsivity
Calculations
Output FUHM = 3 pm; Standard Deviation = L.
In-band Radiance = 1267.65 w/(m? sr}; In-band Radiant Exitance = 3982.44 W/ms (20.10 %)
*) Spectral Radiance

Radiance Temperatute:

Trradiance Distribution Calculate

rial.com | A About e close

011 virial, Inc., /26(2011 3:10:15 PM

RADICAL: The Radiometric Calculator  Copyright

Fig. 18. How to restore the table after collapsing
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An example of the radiance temperature calculations is shown in Fig. 19.

EEX

S RADICAL
Temperature Scale Spectral Scale wavelength (um)
) Kelvins () ) wavelength (um) | futomatic Spectral Range Selection  Threshold: |0.01 = Wi, = max: = HUmber of Points: 200 2
Celsius Degres (°C) Wavenumber {1 cm)
Fafrerhait Degres (°F) Frequency (THz) Wavelength (um)  Radiance Temperature (K} |Rel, Sp. Responsivity | A
o 1 496576 523343606
Source s 1.92973 496.492 |1.17499E-05
ot 214225 496,109 2/565656-05
Temperature: | 500.00000 3 ¢ 433 075 D 235478 495,727 5.44846E-05
- = & 25673 495.347 0.000117529
Bl 0.30000 2] =102 £ 2573 laclial 1011
2 491 & 277983 494,968 |0.000226031
a2 & 299238 494,591 0,000441557
Background S 409 H
e 05 § 3.20488 494.217 0.000838915
= & 458 s k 2k
Temperature: | 30000000 -5 K 8 3 341741 493,89 0.00155012
& 405 R 493,479 0.00278565
Emissivity 3 a 1
& 485 e 4 384246 493.116 0.00486657
Detector Relative Spectral Responsivity o sllasa il R ik
463; 1 4.26751 492.405 00136502
4823 ¥
Uniform = 4.48004 492.055 0.0213943
8.00000 -5 =
Rectangular Mean Hm Gt 4.6925 491,718 00343907
) Gaussian FHM; 300000 -3 5 00 s s W 3% 40 4.90509 491,384 0.052298
“Wavelength (m) 5.11761 491.057 0.0773471
[¥ — Radiance Temperature [ || Spectral Responsivity I 5.33014 490737 |0.111254
559267 490,425 0.155634
5.75519 490,121 0211741
5.96772 489.625 0.280169
EdiGreph ooy 489,536 [0.360537
Source Temperature = 500,000 K 6.39277 489.256 0.451224
Background Temperature = 300,000 K
Source Emissivity =0,90000 o605, 368963 0519224,
Radiation Temperature = 455,746 K 6.81782 488,719 0650161
7.03035 488,462 0.748525
Gaussian relative spectral respansivity 1
Mean =8 um 7.24287 488.214 0.838119
Calculations FWHM = 3 pm; Standard Devistion = 1.27398 um 74554 487 973 0.912681
Output In-band Radiance Temperature = 487,923 K
766793 457,740 0.966599
SD:[“E‘ Fadencs 7 88045 487514 |0.995607
;‘a ‘:”Ee T;’“fi"’:“’e ........ - 8.00298 457,29 099734
radiance Distribution |
LE_Cacuats 8.3055 457085 0971657 | =
wrww virial.eom | A About ¢ coss
RADICAL: The Radiometric Calculator — Copyright © 2011 virial, Inc. 26/2011 3:00:32 PM

Fig. 19. An example of the radiance temperature calculations

The initial data and results saved in text file for this case will look like:

Source Temperature = 500.000 K
Background Temperature = 300.000 K
Source Emissivity = 0.90000

Radiation Temperature = 488.746 K

Gaussian relative spectral responsivity
Mean = 8 um

FWHM = 3 um; Standard Deviation = 1.27398 um
In-band Radiance Temperature = 487.923 K

WL (pum)
1.7172
1.9297259
2.1422519
2.3547778

7.0303482
7.2428742
7.4554001
7.667926

7.880452

8.0929779
8.3055038
8.5180297
8.7305557

RT (K)
496.87595

Rel. R

esp.

5.233431E-06

496.49215  1.1749917E-05
496.10916  2.5656484E-05
495.7272 5.4484568E-05
488.4622 0.74852501
488.21359  0.83811893
487.97276  0.91268103
487.7396 0.96659921
487.51396  0.99560689
487.29569  0.99734035
487.08462  0.97165688
486.88059  0.92065414
486.68341  0.84838725
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8.9430816
9.1556075
9.3681335

486.49289
486.30884
486.13107

0.76033643
0.66272217
0.56178644

43.372282
43.584808
43.797334
44.00986

4.2.2. Calculation of irradiance distribution

480.44582
480.4416
480.43745

480.43334

3.9882751E-168
3.8298832E-170

3.576844E-172
3.2488414E-174

© 2013 Virial, Inc.

Before calculation of irradiance distribution and radiant flux falling onto the detector, you have to
enter geometrical parameters as it is shown in Fig. 20. Number of point, N defines the increment
AX = Xmax/(N—l) which will be used for filling the table and graph plotting from X =0 to

X =X, . Geometry of the system is depicted schematically in Fig. 21.

Source-Detector Geomekry
Source Radius {mm):

Detector Radius {mm):

Distance from Source to
Detectar Plane {mm):

Mazx, Distance from the Axis {mm): 100,00000 <5

Mumber of Points: 200 ﬁl

R
1.ooooo§|/

Lomn H—— R4
100.000005\

H

Xmax

Fig. 20. Fields for entering the geometrical parameters

Thermal radiation
source

R

Radiation detector

Y

A

IRS_

Xmax

Fig. 21. Source-detector geometry schematic

25



RADICAL Manual © 2013 Virial, Inc.

Two examples of irradiance calculation are shown in Figs. 22 (Kelvin temperature scale) and 23
(Celsius temperature scale, background temperature is -273.152C, i.e. I, =0K ). Since irradiation

produced by the background is uniform, it is convenient to hold “Irradiance from Background”
checkbox in the graph legend unchecked.

PRRADICAL &=
Temperature Scale ® {mm) Total Ivadiance (Wjm?)  |Iradiance A
o
* Kehins (k) [ s 0.50251256 5154.5504 69525
Celsius Degree (°C) 1.0050251 |5154.3754 14695.073
: e — £
Fabenhet Degree (F) T Bt Ls07sa77 554,080 94,7781
~i ~ 2.0100503 5153,6677 46%4.3653
Source < 25125628 [5156,157 4653.5346
£ Sl
. H 30150754 [s152.4855 se35.1651
emperture; | 2500.00000 = 2
erissity:| 0,500 5] 2 4.0201005 [5150,6354 ses1.536
£ 45226131 |5149.837 4690.5346.
Background »|5.0251256 |5148.7182 4689.4158
= 5527602 (5147452 4et0.179%
- EEEE scaoisas sis6.267 ssoeazes
Emissiiy 6.5326633 [s144.6583 4655.355
70351759 51430711 4683.7687
0 5 10 15 2 25 ® % 40 45 50 5 50 65 70 75 80 85 90 85 100 | 7.saveses saiaer 46520640
Distance;from the s () 8040201 |5139.5468 4680.2444
¥ —— Tetal radance ¥ —— racionce from Source CIEEES | j4678.507
7 v tacience from Bockgraund si0ts2z61 [5L55575 so76.2551
oi5477387 (51353809 4674.0885
10.050251 131,104 so71.0024
10552764 5128.7053 460,402
Source:Detector Geametry, EditGrah | |} necy76 (5126, 1908 46668884
Source Radus | 10.00000 2] 11857783 51235615 4664.2551
Bt ~ | source Temperatwe = 2500000k Le.sezeld 5179557 46506573
erector Pane oy 20000000 2| Background Temperature = 300.000K 13.068327 (51149678 4655685
S |Soucscmissty 0.5 ;
W, Distance fromthe s (n): | 100.00000 3] | Radance = 555520 W51 Radiont Extance = 1,85262606 Wi 13,567633 [s111.902% ses26
5 14.070352 5108.7038 4645.4014
Nuber of Pors: 200 2] [source Radus = 10mm; source ares =314.159 e
Detector Radius = 1 mm; Detector Area = 3.14159 mm? LESTZ0R)5105.9524 4646.09
T Sourceto-Detactor Ditance = 200 15.075977 '5101.9684 t642.666
gl Source-o-Detsetor Vi Facor = 2 4507E-05 e oo e esis
Spectral Radiance Radlat Flux emerged fram Source = 591,505 W 16.000402 |5094.7847 4635.4823
RadianFx allngfrom soutce ono Detoctor = 0.0147504 W e EoYE i
Radance Temparature B Lo v
) Inadance Distrbution T cacue Tokal Radiant Fu Fallng onko Detector = 0.159044 W 17.085427 |5087.1557 627,853 %
3 < >
) A abou O ose
RADICAL: The Radiometric Calculator Copyright © 2011 Virial, Inc. 5/26/2011 3:07:49 PM

Fig. 22. Examples of irradiance calculation; irradiation from background is constant; the appropriate
checkbox in the graph legend is checked

PR RADICAL (=]
Temperature Scale (am) [TotalIvaciance (Wjm?) _[Iradiance A
o 45090644
el (9 4 0.12551328 . 5090643 4 5000643
) Celsius Degree (°C) o 025062657 45090639 4.5090639
Fahrenheit Degree (°F) 4504 0.57593985 +.5090632 45090632
b 0.50125313 4 5030622 45090622
Source £, 0.62656642 4.5030603 45090609
= H 07518797 |+ 5030594 45050594
e (oo SIS I nrrisesn s sossrs 4500575
Enisviy: | 0.39500 5] 2. 10025063 |4.50%055% 4505055+
- 11278195 |+.509053 4509053
Background | 12531328 |+.5050505 45090503
= 13754461 [4.5090473 45090473
enrzscey MR . 15037834 #.5050%81 45030441
Enisiviy: 4% 16250727 [+.5090405 45090405
1754386 _|+.5090367 4.5050367
0 5 w15 W 3 W 3 M0 45 S |ayeesor 4509032 5090326
Distence ftom e 2 nm) 2.0050125 |+ s0s0262 5090282
¥ — Total radiance ¥ — radiance from Source | A ] JA. 05025
[ vorme raciance from Background 22556391 45090186 5090186
23805524 |4.5030133 45090133
- 2062687 |+.5090078 [4.5090078
26315789 |+.503002 4509002
Source-Detector Geomelry EditGrash {; 7560z [+.5080959 4 5083959
Source Rodis (| 500000 2] 2522055 | 1.5003855 45088855
Detector Radius (mm): 3.00000 "|3.0075188 |.5089820 4.5089829
et = SoLrce Temperature = 1064,000 °C ey <07 45085759
et o oy 1000.00000 2] | Background Temperature = 273,150 °C 3.2581454 |+ sos9se7 4 Sas6s7
SoLrce Enisivty =0.995 ’
M. DisanceFrom the A (rms | 5000000 2] | oo = avatz.6 witnosr) Radnt Exkance = 180367 Wjn2 3.m94585 |4.5089612 45009612
= 35087719 |+ 5089534 45089534
e IEES |t
Sovrce-to-Detector Distance = 1000 3.7593985 |+.508937 4508537
“;'2::::'“"5 Sovrce-to-Detector View Factor = 5.99369-06 sminis + o000 oo
Spectral Radance Radiar. Fiux emerged from Source = 14,166 W 40100251 |+ S089194 45089194
Radiance Temperature [ReckantFhos oo flam Soutep oo Debecirm 0 0001271400, 41353383 |+.5089102 45089102
) Iradiance Distrbution (T Goicus Tatal Radiant Fix faling anto Detector = 000012743 W acis: [T e
s girial.com [T
RADICAL The Radiometric Callator Copyriht © 2011 Vil Inc.___ 5/z6[2011 4:43:17

Fig. 23. Examples of irradiance calculation; irradiation from background is zero; the appropriate
checkbox in the graph legend is unchecked
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A fragment of the text file contained the initial data and results of the irradiance distribution
calculation is presented below:

Source Temperature = 2500.000 K

Background Temperature = 300.000 K

Source Emissivity = 0.85

Radiance = 599320 W/(m?:sr); Radiant Exitance = 1.88282E06 W/m?

Source Radius = 10 mm; Source Area = 314.159 mm?
Detector Radius = 1 mm; Detector Area = 3.14159 mm?
Source-to-Detector Distance = 200 mm
Source-to-Detector View Factor = 2.4937E-05

Radiant Flux emerged from Source = 591.505 W

Radiant Flux falling from Source onto Detector = 0.0147504 W
Radiant Flux falling from Background onto Detector = 0.144294 W
Total Radiant Flux falling onto Detector = 0.159044 W

X (mm)  IRsource (W/m?) IRbg (W/m?) IR (W/m2)
0 4695.309 459.3024 5154.6114
0.50251256  4695.25 459.3024 5154.5524
1.0050251 4695.073 459.3024 5154.3754
1.5075377 4694.7781 459.3024 5154.0805
2.0100503 4694.3653 459.3024 5153.6677
2.5125628  4693.8346 459.3024 5153.137
3.0150754 4693.1861 459.3024 5152.4885
3.5175879  4692.4199 459.3024 5151.7223
4.0201005 4691.536 459.3024 5150.8384
45226131 4690.5346 459.3024 5149.837
5.0251256  4689.4158 459.3024 5148.7182
5.5276382 4688.1796 459.3024 5147.482
6.0301508 4686.8263 459.3024 5146.1287
6.5326633 4685.3559 459.3024 5144.6583
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4.3. Working with graphs

RADICAL allows plotting a magnified fragment of the graph: holding left mouse button depressed,
drag the cursor right and downwards to zoom (see Fig. 24) and left and upwards to unzoom.

Source Temperature = 2000 K, Emissivity =0.95

ctrel Rackence (WU sn))

Fig. 24. 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. 25A and 25B).
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| Edit Graph E| 4 Edit Graph rz|
m Semes] Data ] Ekportl PFrint ] Chart
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Fig. 25A. Screenshots that demonstrate general possibilities of the Graph Editor

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 (ASCII) file, MS Excel spreadsheet, HTML and XML tables.
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5. EVALUATION VERSION VS. FULL-FUNCTIONED PROGRAM

RADICAL 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 RADICAL uses the same
computational procedures as the full-functioned program but has several restrictions:

1. Evaluation version doesn’t allow entering initial values using keyboard; they can be
changed only using spinners that have fixed increments.
2. Content of tables and auxiliary information cannot be saved in text files.

3. Graphs cannot be edited.

Procedure of activation RADICAL is described in Section 4.1.
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7. 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 RadiCal (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, or any other business or
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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 arising from this

35



RADICAL Manual © 2013 Virial, Inc.

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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