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2.1
2.2
221
2.2.2
2.2.3 Cos*
224
225
2.3
2.4
2.4.1
2.4.2
2.4.3
244
2.45
2.4.6
25
25.2

2.1

(dim)

(Aperture and Pupil)

(Radiometric Concepts and Terminology)
Radiance conservation theorem
(Irradiance by a flat circular source)

Vignetting
(Computation of irradiance)
stops and pupils
optical system layout
(Thin lens)
photographic objective
magnifier
telescope
Relay system
telecentric lens
(Specifying lens apertures)
(Special Apertures)

(pinhole camera)

(diffraction)
angular resolution A 6
AO = 3 2.1
dP
d 1
(back focus)
irradiance
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2.2 (Radiometric Concepts and

Terminology)
(radiometry)

(visual)
photometry (physical)
radiometry
spherical coordinate system

y -
2.1
dA =r?sin ddéd¢ (2.2
A
Q A fr
2.2
2.2 A solid angle Q
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A
dA .
dQ =r—2=s1n49d19d¢ (2.3)
azimuthally symmetry
annular cone
2.3 P &,
b . ., 0,
Q= 27r.|.0 sin@d@ = 27(1 - cos, ) = 4z sin > 2.4
dA =2°%risodo
dQ 2z 86 @
X
2.3
incoherence light source
1 the time rate of change of energy flux
P (MKS) watt
2 irradiance of the
surface E (MKS) watts/m?
3 intensity I
(MKS)
watts/sr (uniform)
_d_e 5

dQ 4r

4 (extended source)
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)

radiance
L
2
__do 26
dAcos Q)
Lambertian Lambertian
diffusing surface Lambertian 2

2.2.1 Radiance conservation theorem
(any tube of rays)
24
n n dA (infinitesimal area)
dQ dA
2
d’® =Lcos@dQ 2.7
dA
2
o d® 54
dAcos " dQ'
Lo | o Cose g
cos@'dQY'
dQ _ 'sm6d19d¢ 210
dQ' sind'dé'dg’
2 0OSLO Lambertian ( Source >> Edit Extended Sources
View Extend Source Image )
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co-planar
dg=d¢' 2.11

nsin®d = N'sin @'

2.12
Ncos@d = n'cosG'do'
(2.9)

n’

-3
: 2.13

L' L

n? o’

2.2.2 (Irradiance by a flat circular source)
(flat, circular) (radiance)
0 o (irradiance) 2.5
2.6 (radiance)
d’®

= Lcos@dQ 2.14

dQy=2r 6 iasp do

2.5 (flat, circular) Qp

(irradiance)

E= a 2nLJ‘t90 sin @ cos G
dA 0 2.15
= Lzsin’ 6,
zsin® 6, Q,
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E=LQ, 2.16
OSLO (numerical aperture)
NA (f-number)( (relative aperture)) FNB
NA = nsing, 2.17
n (f-number)
FNB=L 2.18
2NA
2.15
2

E= ﬂLl\iA = zﬂL 5 2.19

n 4n"FNB

2.2.3 Cos*
non-uniform off-axis 2.15
2.6
Qp, As s 12
-
2.6
cosO
r cos’® Q, cos’s
cosO

| =1,cos*8 2.20
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cos’0
2.2.4 Vignetting
(Vignetting) cos*
(reduction)
( ) ( )
2.7
2.7 (reduction) (Vignetting)
cat's-eye aperture
Cooke
(chief ray)
(ray-traced)
(axial ray)
OSLO
2.2.5 (Computation of irradiance)
OSLO
apparent surface
OSLO on-axis value (irradiance)
(absolute value of the source radiance) OSLO

(stray light)
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)

OSLO 3
OSLO
X
2.8
2.8 0OSLO
OSLO SIX (a
grid of rays)
OSLO (illumination)
aplantic ray aiming paraxial ray aiming

(finite conjugate)
fractional coordinates

(numerical aperture)
(entrance beam radius) 0.8 (perfect lens)
exist pupil coordinates 2-9

2-10 4

3 ASAP, TracePro,  LightTools

* perfect lens

OSLO lens library ray aiming type surface data >

GEN > ray aiming type spot diagram analysis
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stops and pupils

2.3

iris diaphragm

2.11

aperture stop
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2.11

entrance pupil

exit pupil 2.11
2.11
chief ray
2.4
vignetted pupil
off-axis bundle central ray
field stop field
of view entrance window exist window
field stop (visual
relay system) field lenses reticles
internal baffles stray light infrared
system (field of
view)
(paraxial)
(effective aperture)
tilted de-centered
() yz Xz
[ (effective pupil)
() (zoom system)
(pupil aberration)
(actual pupil)
field angle
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2.3.1 (Specifying aperture and field of view)

(field of view)

paraxial operating condition

OSLO
2.12 -0.5
0.1 18mm Cooke
Aperture Field Conjugates

Entr beam rad Object dist

Object MA 0.050000f Object hejght* | -3&.000000] Object to FFP1
Ax. ray slope -0.100125[ Gaus image ht 18.000000 Gaus img dist

136.571544
150.001623
5. 080524

Image NA * 0.100000 FP2 to image FL.Oo00s1z
warking f-nbr C.000000 Magnification -0.500000
Aperture diwisions across pupil Tor spot diagram: 17.030000
Gaussian beam
2.12 Cooke
*PARAXTIAL SETURP OF LENS
APERTURE
Entrance beam radius: G.837144 Image axial ray slope: -0.10012¢%
Object num. aperture: 0,050000 F-niumber: 3.396262
Image HNUM. aperture: =« 0.100000 warking F-number: C.000ao0
FIELD
Field angle: 12.7C73C50 Object height: *  —3&.000000
Gaussian image height: 1&.000000 Chief ray ims height: 1&.000000
COWNJUGATES
Object distance: 135.571544 srf 1 to prin. pt. 1: 13.423779
Gaussian image dist.: GE.080324 skt & to prin. pt. 2@ -6.919357
Owerall lens length: 17.000000 Total track Tength: 221l.652669
Paraxial magnification: -0.500000 Skt & to image seT: GE.080324
OTHEFR. DATA
Entrance pupil radius: F.26111¢c St 1 to entrance pup.: 10456307
Exit pupil radius: F.58248586 srf e to exit pupil: -1l0.0701le6
Lagrange {imnwvariant: -1.802254 Petzwval radius: -149,331547
Effectiwve Tocal Tength: C0.000541
SPOT DIAGRAMS
Aperture diwvisions: 17.030000 Gaussian apod. spec.: off
¥ o1lfeM2 entr. drrad.: 1.000000 ¥ ol/feM2 entr. drrad.: 1.000000
5
2.13 Cooke
2.12 data entry fields
calculation fields conjugate
Aperture Field
> text window pXs
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OSLO OSLO
(aplanatic) (paraxial)
OSLO finite conjugate
n'sin® NA image
NA 0.1 -0.5
Mz nsin 9' 221
n'sin @
NA 0.05 NA 0.05
6 = tan'(0.05) = 2.865984
PU = tan(2.865984° ) = 0.050063 -0.5
PU =-0.100125 f-number OSLO
f-number 1/(2NA) 5.0

(entrance beam radius)
(entrance pupil radius)

2.12
OSLO
(field angle)
2.4 optical system layout
OSLO (axial
ray) (chief ray)
2.4.1 (Thin lens)
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2.14
2.14
edge of the field
2.4.2 photographic objective
Cooke
(tan®@ mapping)
(distortion)
double Gauss objective
2.15 35mm (high-speed)

f/2

2-13



(fourth version; 2002 )

aberration)

Double Gaouss, SOmm 142 20deg
FOCAL LEWNGTH = 20 MA = 0.23

LHITS . b
DES. Q&LD

&.63
—

4

(off-axis

2.15
(balancing aberrations)
(principal points)
telephoto lens
2.16
Telepholo lens LNITS. W
FOCAL LEMSTH = 100 MA = B.1111 DES. OSLO
0o
—
FEHHE
7 jj .

2.16

telephoto lens

retro-focus lens

2.17
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relrofocus lens LMITS. W
FOZal LEMGTH = 103.1 MNA = 0.178R DES. O5L0
32.2
—
BHAR
ESER
2.17 retro-focus lens
zoom lens
2.18
foom lEns LMITS. W
FOCAL LEMSTH = 72 MA = 0. 1425 DES. O5L0
267
—
—M
p———

2-15



(fourth version; 2002 )

Joom lEns LHITS . b
FOCAL LENGTH = 130.1 NA = 0.1089 DES. 05LO
226
—
-]
H_J
2.18 zoom lens
2-18
(retro-focus design) 2-18
(telephoto)
2.18
(field of view)
2.4.3 magnifier
cornea
(retina)
high-acuity vision (fovea)

the point of visual
(fovea)
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fovea
2.19
2.18
iris
closed-range viewing
10cm 60 25cm
25mm
10x
i
? b 7
2.20
2.20
(afocal
system)
2.4.4 telescope
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inverting telescope family of optical
system compound magnifiers
2.21

10% TELESIOPE w/ PRISM - pZ5& LMNITS. b
ANGULAR MAMIFICATICN = -3.202 DES. Bt

564
—

_—W
[ AL

—

2.21 inverting telescope

aerial image
eyepiece

(Vignetting)
(eye relief)

(field of view)
Lagrange's

(afocal)
OSLO
Luneburg Lens
2.22
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*RPARAHTIAL COMSTANTS
Angular magnification: 1.000000 Lagrange dmwvariant: -0.089820
Eve relief: -15.000000 FPetzwval radius: 1.0000e+40
Note: This optical swstem contains special surface data.
Calculations based on a paraxial raytrace may be inwvalid.

2.22L.uneburg Lens

afocal 2.23  Evaluation mode

B General Cond

s -

7|
2

Elomm 5

Ewaluation mode: | afocal Junits:
Ray aiming mode: [ central refer. raw |

Aperture checking: | on |
Designer: aberration mode:
solwes in alt. configs: w Off {3 On OPD in wawves: 3 Off @ an
Zernike poly. reference axis: @ v 3 ¥ Global ref. surf. for ray data:

Symmetry state: | Automatic (from l1ens] |
Ray aiming type: @ Aplanatic{ Parax<ial Source astigmatic distance: 0.000000

Temp: 20.000000 Pressure: 1.000000f PoTarization raytrace: off
Image space spot diagram: @& oOff » On Use diffraction efficiency: @& Off {3 an

2.23Luneburg Lens

Luneburg Lens

Luneburg Lens Telescope LMITS: kM
OPTICAL SYSTEM LAYCUT LES: 5L

2.24L.uneburg Lens

2.25 (Galilean)
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10% TELESIOPE w/ PRISM - pZ5& LMNITS. b
ANGULAR MAGHNIFICATION = 4 .484 DES. Bt

42.8
—

/,_7L/——‘r/_.

==

2.25 (Galilean)

erect
image 2.25

opera glasses

lens beam expanders

2.4.5 Relay system

2.26

curvature of field
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)

i B,

/

~
A

IR e e

2.26
2.27 erector
telescope
(relay) reticle plane
relay lens LNITS. W
FOCAL LENGTH = 1790 NA = 0.00C1676 DES. OSLO
1.33
—

2.4.6

2.27 erector

telecentric lens

(telecentric)

2.28

Zoom
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lenses

2.5

)
3% TELECENTRIC CBJECTINE Ce LNITS. W
FOCAL LEMSTH = 100 MA = G.2435 DES. OSLO
42.5
—

]

2.28

scanning lenses
Fourier transform

(Specifying lens apertures)

actual physical aperture

OSLO
directly specified solved
aperture radius Solved Special Aperture Data
APERTURE RADIUS GLAass SPECIAL
1.7455e+18 arr | [

5, 000000 LUNE_GLAss [

s.000000 : Diivect Specification
2.500000 [y cbecked
2.500000 [ ~pnes )
z.5oo000 [

z.5oo000 [

| —

f Fan Spd Auf Var Ope  Reference Surface (R)
tef bot chi fop skw dpecial Apertoe Data. .. ()

2.29 OSLO solved
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OSLO aperture

mask
special aperture
off-axis point
OSLO lens setup
2.30
2.30
2.30 grinding polishing
molding diamond

turning

2.31 OSLO Cooke
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2.31 OSLO  Cooke
( 1(2,5,6) 3(4))
2.32
(edge of the field)
2.32
2.28
(glitches)
(front surface) (back
surface) (feathered edge)
OSLO (checked
aperture)
2.32
OSLO DLS apck
apck OSLO
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2.33
Apck Apck
DLS
ASA
2.33 0SLO apck
2.5.2 (Special Apertures)
OSLO
Xy
2.34 centroids
Y
A
/
X
2.34 OSLO
grouping ” " combining
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(obstructing)
anding

union  oring

(
OSLO
2.35
2.35 OSLO
OSLO

(transmitting)

interaction

OSLO SIX

apck
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(Exercises)

1. (2.2)
2. Lambertian OSLO online help Lambertian
LED Arc
3. 2E-1 ( 14.5 22.5~34 mm,
43~54 )
S~ HH“\
// P \\‘x
/ f'll; Efl .-:ﬂ.lll \
- T
(gﬂl L oa ) Jj J
W — . ,.-"
\&
e J
ff
\ -
2E-1
2E-2:
Mo nome UMITS: b
FooAL LEMGTH = -31.57 HMHA = 0.1332 DES: OsLO
120
2E-2
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