3. Radiometry/Photometry

3. Radiometry and Photometry

() R adiometry Smoothed Solar Spectral Irradiance

~ X-ray EUV U_V Visible, Infrared

Measurement of the
electromagnetic radiations within
the wavelength range 0.01 - 1000
um. (Physical approach)

* Photometry

Measurement of the
electromagnetic radiations
weighted by the spectral response
of the eye within the wavelength
range 0.360 - 0.780 ym (visible
light).

Relative Spectral Irradiance

n 10um 10°um
Wavelength
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3. Radiometry/Photometry

(] {
Unit systems - Overview
Radiometry Photometry
: . . Units
Quantity Symbol Units Quantity Symbol
: : Im:-s
Radiant Energy Q. J Luminous Energy Q.
Radiant Exposure H. Jm? SMITOLE H, Ix s
exposure
Fluence Y, J-m?2 — -
Radiant Power
_ e N Luminous Flux by Im or cd-sr
Radiant Flux
Fluence Rate F. W-m2 — -
Emittance M, W-m? Lurpmous M, Im-m? or lux
emittance
Irradiance E. W-m2 ITluminance E, Im-m? or lux
: : Luminous
Radiant Intensity I. W-sr! ) I, cd
Intensity
Radiance L. W-sr!l-m?2 Luminance L, cd-m2
. )
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3. Radiometry/Photometry

Radiometry (Definition 1)

Radiant energy Q. [J]

° 1 .

Radiant energy: Q. [J] |t
Energy transported by an electromagnetic radiation
through the space.

* Spectral Radiant Energy: Q. , [J/nm]

Different emitting sources can have the same total amount

of radiant energy but different emission spectra. Qe = dd%
e Radiant Exposure: H, [J/m?] )
Energy Q. [J] that reaches a surface of unit area. H, = d1Q4€

Georges Wagnieres, IPHYS, EPFL Photomedicine 3




3. Radiometry/Photometry

Radiometry (Definition 2)

e Radiant Power or Flux: ¢, [W]

Energy (Q.) per unit time defines the radiant power or flux

dQe(t) ¢,=const. V t ~ Qe
dt At

* Spectral Radiant Power: ¢, ; [W/nm]

¢e=

— sze(t,A) _ d¢e()') ¢. ;=const. ¥V A S ¢e
dtdA dA AL

¢e, A

Georges Wagnieres, IPHYS, EPFL Photomedicine



3. Radiometry/Photometry

Radiometry (Definition 3)

e Irradiance E. [W/m?]

Emittance M, [W/m?]

Radiant flux per unit area :

20UDIPD.LI
/N

- reaching the surface A is called irradiance E,
- leaving the surface A is called emittance M,

E, _ 49, and M,
dA ¢ dA A
* Spectral Radiant Flux Density:
M., and E.; [W/(m? nm)]

EeA=dEe andMeA=dMe E, ;= const. VA ,Ee
’ dA ’ dA’ AA’

_ d¢e E_,=const. V Surface ~ ¢e

\ 4

aouvINWA
\ /4

]
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1. Introduction

3. Radiometry/Photometry

-

Light/laser tissue interactions:

irradiance (Intensity) !

The tissue response strongly depends on the light

~N

- J
R PhOtO' -
1012 disruption - 102
- Photo- _—
§ 107 ablation - 10
3 6 | / L 6
= 10° 7 00% - 10
G - pol< Vaporization | |
= 10- > ~ 10"
= < Coagulation % \ :
100 N} - 10°
: Photochemistry
10-3  be——————————————— =~ 103
10-2 10" 10°% 107 10 10’

S
Georges Wagnieres, IPHYS, EPFL

Interaction time (s)

Photomedicine
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2. Radiometry / Photometry 3. Radiometry/Photometry

Radiometry (Definitions 4)

Irradiance vs. Fluence rate

e [rradiance [W/m?] describes the
power per unit surface directly
received from the source, whereas
fluence rate [W/m?] takes into
account diffusion and scattering
effects in the target environment.

* Fluence rate 1s the Power entering a
sphere presenting a unit cross-
section.

Quantity measured with an 1sotropic
power meter.

Radiant power ¢, [W]
Ll
|t

Irradiance |

[W/m?]

Georges Wagnieres, IPHYS, EPFL Photomedicine
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3. Radiometry/Photometry

T ]
Georges Wagnieres, IPHYS, EPFL Photomedicine




3. Radiometry/Photometry

Radiometry (Note)

e Fluence rate [W/m?] takes into account the direct
flux as well as the scattering and diffusion
contributions. Like the Fluence this term is of
fundamental importance in dosimetry for
photodynamic therapy and other laser techniques,
where multiple scattering and diffusion in the target
tissue are of great importance.

e [t 1s important to note that the fluence rate and
irradiance employ the same unit, W/m?, but these
are considerably different concept.

Georges Wagnieres, IPHYS, EPFL Photomedicine

Flux ¢, [W]

Irradiance
[W/m?2]
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Fluence rate [W/m?]




3. Radiometry/Photometry

Measurement of the fluence rate with an
isotropic detectors

Isotropic detector based on light scattering

DETECTEUR OMNIDIRECTIONNEL

Sphére de résine Epoxy
+ 0.5 %0 TiO,

Fibre Jaquette de la fibre

/
/////////////////f//m

i

Georges Wagnieres, IPHYS, EPFL Photomedicine
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3. Radiometry/Photometry

Measurement of the fluence rate with an
isotropic detector

ISOTROPIE DU DETECTEUR OMNIDIRECTIONNEL (630 nm, dans I'air)

Angular response of
the 1sotropic detector

Georges Wagnieres, IPHYS, EPFL Photomedicine
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2. Radiometry / Photometry 3. Radiometry/Photometry

Radiometry (Definitions 5)

Radiant Exposure vs. Fluence Radiant Tﬁy Q.1
e Radiant Exposure [J/m?] describes lllll I
the energy per unit surface directly AR
received from the SOUrce, whereas ‘
fluence [J/m?] takes into account ~Area——

diffusion and scattering effects in the

Radiant exposure

target environment. | Dm]

* Fluence 1s the quantity measured LLL] Q.
with an 1sotropic power meter.
(Energy entering a sphere presenting i

a unit cross-section) Spiere

R

Fluence [J/m?]

Georges Wagnieres, IPHYS, EPFL Photomedicine 12



3. Radiometry/Photometry

Solid angle (Definition 6)

The quantities defined so far were omni directional, whereas radiant
intensity and radiance, defined thereafter, characterize the propagation
of a radiation in a specific direction.

Solid Angle:

A solid angle 1s expressed in “steradian” [sr] (extended concept of
radiant to the 3D). It is defined as the intersection area of a sphere and a
cone which vertex stays in the sphere’s center, divided by the square of
the radius of the sphere.

Q=A/r?

Q=A4/r*

A sphere has a solid angle of (4nr?/r?)= 47 [sr]
which corresponds to a cone angle of .

A \
r
1 Steradian

Georges Wagnieres, IPHYS, EPFL Photomedicine
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3. Radiometry/Photometry

Solid angle (Note)

* Solid Angle Q2

area of the cone on surface 1

Construction of
cone form 0—@

sphere-cone intersection.

(sphere radius)’

0  —
2_"Zyr-Rsinf? R-dB =2m(l-cosf)
=l S

0 circonference of
the circle r

Small angle approximation: Q = 27(1-cosf) =4z sin’6/2 =47 (0/2)* =7 -6°
In the small angle approximation the solid angle is approximated by the
ratio between the surface of the sphere and that of the circle created at the

whole sphere has
4n steradians [sr]
of solid angle

in limit of small angle 0,
solid angle of cone, (2:

Q = (4n[sr]) '“‘22 = ni> [sr]
4nR R
0

n
- nd [s1]

T
Georges Wagnieres, IPHYS, EPFL
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3. Radiometry/Photometry

Radiometry (Definition 7)

 Radiant intensity: I, [W/sr]

The radiant intensity is a measure of the intensity of electromagnetic
radiation. It is defined as the power per unit solid angle. The SI unit of
the radiant intensity is watts per steradiant (W-sr!).

] — d¢e
‘T dQ
e Radiance;: L. [W/m? sr]

The radiance 1s a radiometric measure describing the amount of light

that passes through or is emitted from an area, and propagates within a
given solid angle in a specified direction. It is used to characterize both
the emission from diffuse sources and reflections from diffuse surfaces

d’¢, L. 1s constant along a ray within a

© dA,,.dQ | homogenous, lossless, isotropic medium!

Georges Wagnieres, IPHYS, EPFL Photomedicine 15




3. Radiometry/Photometry

Radiometry (Note)

- The radiant intensity and radiance
characterize the propagation of a radiation in a
specific direction.

For a point source:
E=I/d?

where « d » 1s the
source-detector distance

http://www.rpcphotonics.com/wp-content/uploads/2014/11/Engineered-Diffusers-intensity-vs-irrandiance.pdf

Georges Wagnieres, IPHYS, EPFL Photomedicine 16



3. Radiometry/Photometry

Units derivation

Energy Power Intensity

O —» — — ¢ — — — ]
| | |
d d d
dA dA dA
| | |

Exposure Irradiance Radiance

Georges Wagnieres, IPHYS, EPFL Photomedicine 17



3. Radiometry/Photometry

Radiometry (efinitions 8, 9)

Isotropic source and lambertian R =~ r i
£ o _—Eﬂ\ece
surface: H R——
ég . /L
Isotropic surface or source radiates uniformly in all 5o ————dissiiE S g

radiant intensity is the same in all directions.

Example: a globular tungsten lamp with a milky
white diffuse envelope. I

directions from a spherical source, i.e. the // i
I,

; N\

Lambertian surface is a flat radiating surface
(reflecting surface or active surface), which is
such that the intensity falls off with the cosine
of the observation angle.

Lambert’s emission law or cosine emission law:

[, =1 cos6

Lambertian reflecting surface

Georges Wagnieres, IPHYS, EPFL Photomedicine 18



3. Radiometry/Photometry

ST

~

=

19

icine

Photomed

Georges Wagnieres, IPHYS, EPFL



3. Radiometry/Photometry

Projected area

* Projected Area: A

pr0j=ACOSO

The projected area 1s the effective area
exposed to the radiation

-
‘.-_
‘,\}

Georges Wagnieres, IPHYS, EPFL
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3. Radiometry/Photometry

Radiometry (Note)

Lambertian surfaces

An interesting characteristic of a
Lambertian surface is that it has constant
radiance independent of the viewing
dlrectlon.g [9 =] QOSH ) |
The luminance gelng the quantity
perceived by our eyes, a (matt) surface
with good diffusing properties under
uniform illumination is a good example of
a Lambertian surface, i.e. the “brightness”
will be perceived independently from the
angle of view.

- The moon and the sun appear as uniform
disk.

- Matt surfaces are very close to be
Lambertian surfaces.

A
45 dA Cosf

Lambert’s Law Projected Area

dl_d(l,cos0) _dl,
dA d(AcosH) dA

proj

L= = const.

In this case, the emittance is related
to the radiance (or luminance) by:

M=m-L

Georges Wagnieres, IPHYS, EPFL Photomedicine 21



3. Radiometry/Photometry

Demonstration of ©t factor

Emittance for a lambertian surface:

M = j:IOCXSGdQ = chosBdQ =Lfcos9d£2

Q= 2.7'((1 — COSG) _>6(Q=0) = 0’6(Q=27t) B %
dQ2=2ms1mn6do

¥ M /2
M = ZJrLfsinG cos8dO =2x L —Ecosze['
0 0

hd

1/2

M = rnlL

Georges Wagnieres, IPHYS, EPFL Photomedicine 22



3. Radiometry/Photometry

Angular distribution patterns of sources
with rotational symmetry

Where I, 1s the intensity

I=I()COSg_le normal to the source itself
and g>1.
g=7 l For example:

0.4 detector

\ { I, g =1 for an isotropic point source
:

g =2 for a Lambertian point source

For a point source:
E=I/d?

where « d » 1s the
source-detector distance

g > 30 for an LED point source (LED lamp)

Georges Wagnieres, IPHYS, EPFL Photomedicine
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3. Radiometry/Photometry

10° | | |
1 05 21 Laser (1 W into Eye) —
4
Photometry ~ % ‘
10 -
S .2
? 10 -~
= 1 8000 K
o 10 6000K =
(&)
S ’ OO | Electic - 4000K _|
o — Welding Arc -15's exposure
Absorbed retinal B 1" | oo e
° ° c_cu 10'2 | ;::Z?r?et(:? Blue -
lrradlance 5 453 T Pyrechnic Fare Hoperd
2 . % -
® 10" O So -
o . _e B ; , J
The eye is exposed to light sources | 5 550 7 ..z, Bafh 2
. . . andle Lam
having radiances varying from < 408l L% olEd
approximately 10* [W cm™?sr'] to 107 | e B -
. - ectroluminescen (Day) g
approximately 10° [W cm™ sr'!]. 108 EeEmee S8 -
-9 10min 1/2°1° 2° 4° 10° 6__§
10 - - Source Angle a
10-10 Ll Illllll 1 lIIlIllI Ll IIIIIII 7

TI0 M 100 um 1 mm 1 cm
Typical Retinal Image Size

A S OO
Georges Wagnieres, IPHY'S, EPFL Photomedicine 24



3. Radiometry/Photometry

Photometry

* Photometry 1s a quantitative science based on a

statistical model of the human visual response

1llumination condition.

of luminous intensity (radiant intensity in radiometry)

under photopic condition, 1.e. our perception of
light under carefully controlled daylight

e Radiometric terms have to be weighted with the human

eye’s response to find the corresponding photometric value.
— Candela [cd] is the base units in photometry, it describes the amount

emitted by a monochromatic source
(555 nm, 540 THz) which radiant intensity

Photometry unit definition

1s 1/683 W/sr.
— Lumen [Im] is the luminous flux

Lumen

Im

cd-sr

(radiant flux or power) emitted by a source.

Lux

Ix

cd-sr-m?

Georges Wagnieres, IPHY'S, EPFL Photomedicine
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3. Radiometry/Photometry

L.ocation of the macula

180 000
160 000
£ 140 000
macula 3
® 120 000
perifovea ..g_
Q100000
o i
Yol _,.:'"
g 8000 | - Rod™
§ 60 000
40 000 Fovea Blind spot
20 000 Cones
: O s e s
0 HH
-60° -40° -20° 0° 20° 40° 60° 80°

Angle from fovea

Vitreous Nerve fiber layer

= SR ST ot o s
g 9 v & q"— v; -—
o "’M'“"iﬁrme‘ DIATAR ki

Choroid

Retinal Pigment Epithelium

OCT cross-section image at 800 nm

A 0000 ——
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3. Radiometry/Photometry

Photometry

There is two types of retinal receptors in the eye, \mm‘\ e X( ﬂ ‘"y Rea
rods and cones. The eye’s spectral I PR R
responsivity in dark-adapted (scotopic) state T T **“ﬁ“‘*‘*“"f* T
. . . ¢ . 2000 = #+L—H*L¢»H‘4«<i04+ -l +otttt 41—
is considerably different from that in light- Scotopic N T

. \ K,= 1746V, —-H*‘V ‘ | [ {1
adapted (phOtOplC) state. R iSSSSSss S S R EL SRR ;;:;;;:,ii—:tj
» A I | Photopic 1

Photopic Eye Response is the response of the T T F o
cones in the retina and it occurs after the eye | . [ [1777]T | [TOT ‘
have become adapted to a field of luminance | % « bt ==sNs==sssoos
equal or greater than about 3 cd/m?. The peak | & | Fiii i FEN
luminosity of 683 Im/W for photopic vision ¢ | H EERECHREA VERNRRRRY
occurs at a wavelength of about 555 nm i L \ L ' |

N

Scotopic Eye Response is the response of the rods | £ | F=ii : H\»+ s

in the retina and it occurs after the eye have 2 | NN INNAEEEE SEREVRER

B Y‘_T 1B { rT 1 | ' T 1'_' ‘ |
become adapted to a field of luminance equal RENRREELANRL] SRRIRARRUSIARARTRRTRANARL VAN VERAL
or less than about 3 x10-5 cd/m2. To become LU LR \ 1
dark-adapted the eye take up to 30 min. The SEEEE s e e i a st sen eas
peak luminosity of 1746 Im/W for scotopic SN AunaE NRNANARNARNRE RN ANRN) ff‘;g“*
vision occurs at a wavelength of about 510 T T DTN T\‘
nm. 0.2 1t l T } ‘

oLl LMY
|"-\ J»l'u 7Jsc

Wavelangth, A [nm]
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3. Radiometry/Photometry

Conversion between Radiometric and
Photometric terms

380 40x10¢ 520 710x10-3 650 107x10°3

Numerical values of the

390 120x10-¢ 530 862x10-3 660 61x10-3

photopic curve V(A)

400 400x10¢ 540 954x10-3 670 32x10°3

Wavelength [nm] |30 [ 4«10 410 1.2x10°3 550 995x10-3 680 17x10-

Photopic Luminous Efficiency V(L) v 420 4x10° 333 ! CU|  82x107

To convert a radiometric quantity Rq [W] to the | | 430 | ILOxI07 ] 560 1 995x10% ) 700 | 4.1x107
corresponding photometric quantity Pq [Im] a0 | k100 | 50 | 99oxios | 710 | 2.1x109
one needs only to integrate the product of the
radiation spectral distribution with the

normalized photopic curve (V(A)) and multiply | | 460 | 6oxi0® | 590 | 757x10% | 730 | 52x10¢

the results by the conversion factor k = 683
Im/W A,

Py =k [Ry V(X) dA
A

450 38x1073 580 870x10-3 720 105x10¢

470 91x10°3 600 631x10°3 740 25x10¢

480 139x10°3 610 503x10-3 750 12x10¢

490 208x10-3 620 381x1073 760 6x106

PQ =~ kz R on Vn ( A) AL 500 323x10°3 630 265x10- 770 3x10°6

510 503x10-3 640 175x1073 780 1x10¢

Georges Wagnieres, IPHYS, EPFL Photomedicine 28



3. Radiometry/Photometry

Photometry (Definition 1)

e Luminous Energy: Q,[Im s] =683 Q. [J] V(L)

Luminous energy is the perceived energy of light. This is sometimes also called the quantity of
light.

e Luminous Exposure: H, [Ix s] = 683 H, [Jm™?] V(L)

Luminous exposure is the perceived exposure.

e Luminous Flux or Power: ¢, [Im] = 683 ¢. [W] V(L)

Luminous flux is the perceived emission power of the source. It’s often used to characterize the
light sources, but pay attention to the solid angle specification.

 Luminous Flux Density [Lux] (M,: Emittance; E,: Illuminance):
E,, M, [Im/m?] = 683 M., E. [Wm™] V(L)

Georges Wagnieres, IPHY'S, EPFL Photomedicine 29




3. Radiometry/Photometry

Photometry (pefinition 2)

e Luminous Intensity: I, [cd] = 683 I, [W/sr] V(L)

angle.

e Luminance [cd/m?]: L, [cd/m?] = 683 [W/sr.m?] L, V(L)

This is the photometrically weighted radiance (L.).

This term describe the quantity perceived by the eye. It describes how «bright» a surface
appears in a given direction.

Luminous intensity is the luminous flux (radiant flux or power), emitted in a specific solid

Georges Wagnieres, IPHYS, EPFL Photomedicine
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3. Radiometry/Photometry

[

Example: Source model
Find the illuminance generated by a lamp producing the following
spectral irradiance :

Havelength dependence of a theoretical source

68 line 1
—~ 58 | 4
i: a8 1
;'E 38 | |
E 20 =
L l

8188 200 3188 4I88 5I88 600 700 BIBB 980 1060

Havelength [nnl
. e

Georges Wagnieres, IPHYS, EPFL Photomedicine
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3. Radiometry/Photometry

Example (cont.)
I. Lamp illuminance:
Wavelength Range mfcﬁﬁiﬁfﬁ%? 1m-2 V(L) AL | E.-VO) - AL
[nm] -]
200 - 300 40 0 100 0
300 — 380 10 0 80 0
380 — 400 10 SATE-4 20 0.109
400 — 460 40 1.97E-2 60 474
460 — 600 20 0.631 140 1766.8
600 — 700 0 0.2 100 0
700 — 750 20 1.07E-3 50 1.06
750 — 780 10 333E-6 30 0.001
780 — 800 10 0 20 0
800 — 900 40 0 100 0
Total 1815
E, = 683Im D .,V (2,))A% | =1240 lux (or %2)
-

Georges Wagnieres, IPHYS, EPFL Photomedicine




3. Radiometry/Photometry

Example: Video Pojector

I1luminance [E,] = 400 lux

Image aspect ratio = 16:9 § =
Diagonal = 173 cm ' C ------ .

Luminous Flux [¢,] = 480 Im
Luminance [L,] = 1740 c¢d m™>

As an example, a small video projector 1s considered (Toshiba TDP FF1):

Georges Wagnieres, IPHYS, EPFL Photomedicine
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2. Radiometry / Photometry 3. Radiometry/Photometry

Example: Outdoor light

Condition

Full Daylight
Overcast Day
Very Dark Day
Twilight

Deep Twilight
Full Moon
Quarter Moon

Starlight

Illumination

LUX

10,752
1,075
107
10.8
1.08
0.108
0.0108

0.0011

Source: http://sustainabilityworkshop.autodesk.com/buildings/measuring-light-levels

Georges Wagnieres, IPHYS, EPFL Photomedicine
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3. Radiometry/Photometry

Units names

Symbol English French German Units
Q. Radiant energy Energie radiante Strahlungenergie J
., P, Radiant Flux, or Radiant Flux énergétique Strahlungsfluss \%Y
power .
E, Irradiance l}Ecla1r/erpent Bestrahlungsstérke W/m?
énergétique
H, Radiant Exposure l}EXpOS,lt'IOI’I Bestrahlung J/m?2
énergétique
L, Radiance Ijumlr,la.nce Strahlstirke W sr! m2
énergétique
I Radiant Intensity Intensité énergétique Strahlstérke W sr!
Q, Quantity of light Quantité de lumiere Lichtmenge Ims
o, P, Luminous Flux Flux lumineux Lichtstrom Im
E, Illuminance Eclfurément lumineux Beleuchtungsstiirke Ix = Im/m?2
ou émittance
Light Exposure Exposition lumineuse .
H, H=Et ou lumination Belichtung Ixs
2
L, Luminance Luminance Leuchtdichte cd/m
[Ix sr!]
I, Luminous intensity Intensité lumineuse Lichtstirke cd
[cd = Im/sr = Ix m? sr!]
A L ——————

Georges Wagnieres, IPHY'S, EPFL Photomedicine 35



3. Radiometry/Photometry

Conversion Factors

Americans will measure with
anything but the metric system

Tweeti gevir

@ 41 Action News @ @41actionnews - 4 glin

A sinkhole roughly the size of six to seven
washing machines has closed the northbound
lanes of State Line Road near 100th Street in
Kansas City, Missouri.

bit.ly/2YAEWaJ

Georges Wagnieres, IPHY'S, EPFL Photomedicine 36



3. Radiometry/Photometry

Luminance Conversion Factors

Multiply Luminance in - Footlambert Nit Millilambert | Candelafin?
To Obtain Luminance By

in \

4 \

Footlambert (ftL) 1 0.2919 0.92¢9 452
Nit (cd/m?) 3.426 1 3.183 1,550
Millilambert {(mL) 1.076 0.3142 1 487
Candelafin® 0.00221 i 0000645 |0.00205 i
Candela/ft? 03183 b 00929 0.2957 144
Stilb (edfcm?) 0.00034 ! 0.0001 0.00032 0.155
Lambert 0000108 ; 0.000314 | 0.001 0.487
Multiply Luminance in+ | Candela/ft* |  Stilb Lambert Apostilb
To Obtain Luminance By ! (Blondel)

in \

¥ b
Footlambert (ftL) 3.142 2919 929 0.0929
Nii (cd/m?) 10.76 10,000 3,183 0.318
Millilambert (mL) 3.382 3,142 1,000 0.1
Candelafin? 0.00694 6.45 2.05 0.0002
Candela/ft? 1 929 2957 0.0296
Stilb (cdfcm?) 0.00108 | 0,318 0.000032
Lambert 0.00338 3.442 1 0.0001

|
T T —
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3. Radiometry/Photometry

INuminance Conversion Factors

Multiply Number of =

To Obtain By Footcandles Lux Phot Milliphot

Number of \ {fted) (1x) (Im/cm?) (mim/cm?®)
! \

Footcandles (ftcd) 1 0.0929 929 0.929

Lux (Ix) 10.76 1 10,600 10

Phot (Im/em?) 0.00108 0.0001 1 0.001

Milliphot (mlm/cm?) 1.076 0.1 1,000 1

Georges Wagnieres, IPHYS, EPFL
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3. Radiometry/Photometry

References

* Biomedical Optics, Oregon Graduate Institute (http://omlc.ogi.edu)
e Jan Ashdown

Radiometry_A_Tour_Guide_for_Computer_Graphics_Enthusiasts)
e Newport, technical information (https://www newport.com/resources)

e RCA Electro-optic Devices handbook, ISBN: 09 1397 011 5, pages 5.1-
5.12

e Laser in Ophthalmology, ISBN: 90 6299 189 0, page 2-5

* The science of phototherapy: An introduction, ISBN: 14 0202 883 0,
pages 30-50

(https://www researchgate .net/publication/238294094_Photometry_and_

Georges Wagnieres, IPHYS, EPFL Photomedicine
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3. Radiometry/Photometry

Exercise 1
(In class)

What is the parameter you must consider when you want to buy a "lamp” in

order to have a better vision when this lamp will be installed in your living room
(note: do not consider the directional aspect of the lamp emission)?

! The power consumed by the lamp expressed in watts.
! The power emitted by the lamp expressed in watts.
The efficiency of the lamp expressed in %.
The luminous flux of the lamp expressed in lumen.
The luminous intensity of the lamp expressed in candela.

The radiance of the lamp expressed in watts/sr1 m-2

Georges Wagnieres, IPHY'S, EPFL Photomedicine 40



3. Radiometry/Photometry

Exercise 2
(In class)

Difference between
Fluence rate and Irradiance !
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3. Radiometry/Photometry

Radiometry (Definitions)

- Radiant Power ¢, [W]

Irradiance vs. Fluence rate iy
e The irradiance 1s the radiant flux per HA

unit area reaching the surtace A. e} 'L'i'i""":j,if-’*"

o Kreae—"7 |
e The fluence rate is the quantity Irradiance E,
. . . [W/m?]
measured with an isotropic power |
meter. 1 Ll ] Radiant Power ¢, [W]

(Power entering a sphere presenting o
a unit cross-section) L
3

EP

Fluence rate F, [W/m?]
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3. Radiometry/Photometry

Exercise 2

Fluence rate and Irradiance

&

Laser power [W]: ¢
Circular distributor of surface:

S=T1r? [m?]
r>>d

Light Daistributor

Non-coherent light

n=1

Isotropic detector Flat detector (with known surface)
* — —
Fluence rate: Irradiance:
F [(W/m?] E (W/m?]

S
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3. Radiometry/Photometry

Case 1

Laser power [W]: ¢
Distributor surface [m?*]: S

Light Distributor

Georges Wagnieres, IPHYS, EPFL Photomedicine
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3. Radiometry/Photometry

Case 2

Laser power [W]: ¢
Distributor surface [m“]: S

Light Distributor

A
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3. Radiometry/Photometry

Case 3

Laser power [W]: ¢
Distributor surface [m?]: S

Light Distributor

Georges Wagnieres, IPHYS, EPFL Photomedicine
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3. Radiometry/Photometry

Case 4

Laser power [W]: @
Distributor surface [m?]: S

Light Distributor

[Lambertian -~
source

Georges Wagnieres, IPHYS, EPFL Photomedicine
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3. Radiometry/Photometry

Case 5

Laser power [W]: ¢
Distributor surface [m?]: S

)
F=72

0
TN ITE

F =7
\ E < 2
(—

BAEREE
I

Absorbing layer

B
Georges Wagnieres, IPHYS, EPFL Photomedicine
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3. Radiometry/Photometry

Case 6

Laser power [W]: ¢
Distributor surface [m?]: S

Light Distributor

Lambertian scatterer —— & —
(no backscattering, F=7 E = 2
no absorption) \ .

Transparent media
(no scattering,
no absorption)

Absorbing layer
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3. Radiometry/Photometry

Case 7
Laser power [Wl: ¢

Distributor surface [m?]: S

Light Distributor

*+— Lambertian
source

Lambertian scatterer
(no backscattering,
no absorption)

=1

Y

e (—
E'= % E=z ?

Transparent media
(no scattering,

Absorbing 1 I
sorbing layer no absorptlon)
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Lambertian scatterer

(no backscattering,
no absorption)

Transparent media
(no scattering,
no absorption)

Georges Wagnieres, IPHYS, EPFL

Lambertian
source

3. Radiometry/Photometry

Case 8

Laser power [W]: ¢
Distributor surface [m?]: S

Light Distributor

N

P

d,

Mirror (R=100%)

d
<

a

b
L4

The contribution of the reflected light on
the first measure is unsignificant: a<<r;d’>>d

Photomedicine
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3. Radiometry/Photometry

Case 9
Laser power [W]: ¢

Distributor surface [m?]: S

Light Distributor

b d

)

d

Lambertian scatterer
V¥ o= — (no backscattering,

Y ¥V v ¥
7R 7[§ 7R 7l§ 7I§ iﬁ no absorption)

F=>? E=? P Transparent media
(no scattering,

&
e NN N no absorption)

Mirror (R=100%)

d »
< Ld

a

The contribution of the reflected light on
the first measure is unsignificant: a<<r;d’>>d

A 4
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