3. Radiometry/Photometry

Exercise 2
(In class)

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

Radiometry (pefinitions)

Radiant Power ¢, [W]

Irradiance vs. Fluence rate

» The irradiance 1s the radiant flux per
unit area reaching the surface A.

* The fluence rate 1s the quantity Irradiance E,

. . : [W/m?’]
measured with an 1sotropic power
meter. l l l l Radiant Power ¢.[W]

(Power entering a sphere presenting
a unit cross-section)

IR
N

B

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

Exercise 2

Fluence rate and Irradiance

Laser

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

S=T11r? [m?]

r>>d

Light Daistributor

Non-coherent light

n=1

Isotropic detector Flat detector (with known surface)
~ @) L
Fluence rate: Irradiance:
F [W/m?] E (W/m?]
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3. Radiometry/Photometry

Case 1

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

Light Distributor
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3. Radiometry/Photometry

Case 1 (solution)

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

Light Distributor

F = /S E = ¢/S
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3. Radiometry/Photometry

Case 2

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

Light Distributor

F= ? B = 9

A
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3. Radiometry/Photometry

Case 2 (solution)

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

Light Distributor

F = ¢/S E =(¢/S)sin O
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3. Radiometry/Photometry

Case 3

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

Light Distributor
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3. Radiometry/Photometry

Case 3 (solution)

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

Light Distributor

F = ¢/S E = ¢/S
cos O
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3. Radiometry/Photometry

Case 4

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

Light Distributor

Lambertian -,
source
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3. Radiometry/Photometry

Case 4 (solution)

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

Light Distributor

Lambertian -,
source

) 24—

E = ¢/S
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3. Radiometry/Photometry

Case 4 (solution)

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

{

Light Distributor
7 \

Losses through the edges are
negligible because d <<r

Lambertian
source
d <

/
E = /S Gauss
surface
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3. Radiometry/Photometry

Case 4 (solution)

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

Light Distributor

Lambertian -,
source

) 24—

F = 20/S E = ¢/S
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3. Radiometry/Photometry
Case 4

Fluence Rate (definition)

Definition:
The radiant fluence rate F at a given point in space 1s
defined as the radiant flux ®[] incident

on a small sphere,

divided by the cross-sectional
area A of that sphere

F=(D
A

with
(D’=J'L-dS-cosﬂ-Q
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3. Radiometry/Photometry

Case 4

source surface

detector surface (i.e. the cross section of the isotropic probe)

distance between the A
source surface element ’
dS and the detector
surface A

the orthogonal distance
between the source and /

the detector /s
r= h/cos 0

r'=htan 0O

o I I 2
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3. Radiometry/Photometry

| Definition of the solizd angle
F== : 4 cos” 0
y J‘L @COSHQ Q=" -4 >
S r
27 ) 2 2
1
=j J‘L h taanHdgo-cos@-ACOS 0
A cosZ O B2 From the set-up geometry
0 0 AT
dS =r'dr'de
T r'=hltan@
27| 2 \ dr' 1
= j jL-tanH-cos@d&’dgo and d0=COSZHUl
010 h
T dS:h[tanﬁﬁTdego
P cos” 6
=27|[Lcosf-tan6dd
0 O <  [¢os@tanf d =—cosO
=2 -L=2M = 2S
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3. Radiometry/Photometry

Case 5

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

e
F="7

. GE
T IR

AAEREA

e
F=7?

n’>1

Absorbing layer
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3. Radiometry/Photometry

Case 5 (solution)
Laser power [WI]: ¢

Distributor surface [m?]: S a: beam width at

the interface

Normal to

Y= M surface
E =¢/S cos(0) a COS(Q') 0
F = <|>/s b nsin(@) = n'sin(H") =
/ n=1 ¢
w + + A F=gx
)
= x (9/9) X = cos(®) g
. n. .
1 cos(arcsm[(ﬁ) sin()])
Absorbing layer !
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3. Radiometry/Photometry

Case 6

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

Light Distributor

Lambertian scatterer — —

(no backscattering, F= £=

no absorption) Y V V ¥V ¥V ¥
NIRRIRTN

Transparent media

(no scattering, \\ —

no absorption) o n,_l

Absorbing layer
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3. Radiometry/Photometry

Case 6 (solution)

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

Light Distributor

Lambertian scatterer m— —
(no backscattering, F = ¢/s E
no absorption)

Transparent media \
(no scattering, e
no absorption)

Absorbing layer
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3. Radiometry/Photometry

Case 7
Laser power [W]: ¢

Distributor surface [m?]: S

Light Distributor

*+— Lambertian
source

Lambertian scatterer

n=1
+——  (no backscattering,
NN R RN 1o absorption)

— —

F=>? E=7? — Transparent media
« (no scattering,

no absorption)
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3. Radiometry/Photometry

Case 7 (solution)

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

Light Distributor

*+— Lambertian
source

) —
F = 2¢/S E = ¢/S

Lambertian scatterer

n=1
+——  (no backscattering,
NN RR no absorption)

— —

F = 20/S E = ¢/s Transparent media
4// (no scattering,

no absorption)

Absorbing layer
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Lambertian scatterer

(no backscattering,
no absorption)

Transparent media
(no scattering,
no absorption)

Georges Wagnicres, IPHYS, EPFL

3. Radiometry/Photometry

Case 8

Laser power [W]: ¢
Distributor surface [m

Lambertian __
source

Light Distributor

n=1

b
Ll

\

P
<

Mirror (R=100%)

a

B
L

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

Biomedical Optics, Fall 2025
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3. Radiometry/Photometry

Case 8 (solution)

Lambertian scatterer

(no backscattering,
no absorption)

Transparent media
(no scattering,
no absorption)

Lambertian

source

\ n=1
v

Georges Wagnicres, IPHYS, EPFL

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

Light Distributor

N

b
Ll

) 2040 ———

F = 2/S E = ¢/S

O

— —
F = 4¢/S E = ¢/S

n'=1
M

Mirror (R=100%)

4 B
< L

a

The contribution of the reflected light on
the first measure is unsignificant: a<<r;d’>>d
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3. Radiometry/Photometry

Case 9
Laser power [W]: ¢

Distributor surface [m?]: S

Light Distributor

d
I O s—
d, F=7? E=7?
Lambertian scatterer
v + + + =l / (nO baCkscattering,

Yy Vv v ¥
7& M 7R no absorption)

F=7? E=7? | Transparent media
«/ (no scattering,

SN ol o absorption)

Mirror (R=100%)

a

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

a
>

4
<
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3. Radiometry/Photometry

Case 9 (solution)

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

Light Distributor

Lambertian scatterer

vV =l __— (no backscattering,

Y Y
7& M 7R no absorption)

F = 40/S E = ¢/S Transparent media
«/ (no scattering,

e NN NN 2] o absorpion

Mirror (R=100%)

4 a
< >

a

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