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The Case for Angular Extent X
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The large zoo of physical quantities
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What makes a good quantity?

Robin Higgins, pixabay
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What makes a good quantity?

• Shortens lengthy 
expressions

• Features prominently 
in laws of Nature

• Has an intuitive name

• Unique, descriptive 
symbol
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Etendue U

20 mm

30º

small areasmall area
large angle

small area
large angle
large area

small angle

„Etendue“ = area  solid angle = const ?
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Infinitesimal etendue and the cos(θ) factor

Projected small area element to Small solid angle element 

Small area element to Projected small solid angle element



dAp = dA  cos 
dA

dΩ

=

dΩp = dΩ  cos 

Etendue building block candidate:

Projected areaProjected
solid angle
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What about Snell’s law?
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Infinitesimal etendue



dAp = dA  cos 
dA

dΩ

Etendue building block:

n²  cos   dΩInfinitesimal
angular extent dX
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Refraction conserves angular extent, thus étendue

In air
(n=1)

In material 
(n=1.5)

Angular extent   X = n² ΩpA

same before and after refraction
Angular extent   X = n² ΩpA

same before and after refraction
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s
dA1

dA2

Free propagation?
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s
dA1

dA2

Free propagation?
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s
dA1

dA2
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We want to
compute the
etendue of this
ray bundle
on the first (lower)
screen
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Split screen into
tiny (infinitesimal)
rectangles
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Pick one rectangle
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Attach tangent hemisphere
with r = n
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Find the desired
area on 
hemisphere
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r = n Close up view
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r = n

Project it down
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dA X @ dA

Ètendue building block:
dU = X dA

To find local
angular extent X
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Ètendue building block:
dU = X dA

Sum it up

Etendue U conserved under refraction, reflection 
and free propagation (also in GRIN)
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s

Angular extent and radiometry

Radiance L
Luminance Lv
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Radiance constant along rays
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Angular extent and radiometry
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Flux per area, no matter from where:
a function of location (x, y)

Illuminance

Radiometric:
IrradianceName
ESymbol
W/m²Physical unit

Photometric:
IlluminanceName
EvSymbol
Lux   (lx = lm/m²)Physical unit
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Irradiance from angular extent

Consistent: same value on 
both sides of interface

Irradiance from radiance:

„adding up radiance
over incoming directions“

from irradiance definition

from radiance definition
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From angle to numerical aperture…
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From solid angle to angular extent

unit sphere

Solid angle  [sr] Angular extent X [sr]

hemisphere 
with radius n

tangent 
disk
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Constant angular extent everywhere on planar aperture

(e.g. target for spotlight)

When things are simple…

telecentric cone:

odd-shaped directions:
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When things are simple…

Constant radiance (e.g. sensor irradiance from diffuse object)
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“X”:
Otherwise unused symbol

sounding like “extent”

The Case for Angular extent X

Features prominently
in etendue and radiometry

relations 

“Angular extent”
An intuitive name

Related to 
but different from 

“Solid angle”

Shortens expressions
considerably
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