%528 % 457 W ot

¥ % iR

2008 4F 7 H ACTA OPTICA SINICA

Vol. 28, No.7
July, 2008

B, 0253-2239(2008)07-1364-05

[

A e IR T2 A B
BRE KES Ei¥ f B

C b [E R 27 B T 200G 27 S LT 7 BT BT » BTG 75 48 7100685° Hp [ Bh2A Be il 58 A2 B » kAT 100039)

TE AN T 2R RO O e R G B A U R My R T ARG SR 0 e R R
AR BB SR G T RAL F A =, 8 2o %k O AT v DL RO 2 B R T i IR o A B A AT TS
BT 45 il S0 3 4 X0 b LA BR B Ol cos' o IE R . YMAR T WL B A U/ I 5 A B LA B T 5 S bR A G O TR A%
R GRE R ORIV . BN T LA 22 10 T SR B o BR R 0 2 CH R AT HE AR BB 19 5 S PR AR AT 19
WROEE 2% 2 A L AR T BRBE 23 A B 2 W 5 L R . Gl 7 BB IR IE TR Bl AR 04 BRBE 5 0 8 ) O R
i) cos'w W .

KB GBI AR R A, M

FESERS 0435 XEtRIRAG A doi: 10. 3788/A0S20082807. 1364

Discussion of Illuminance Formula in Optical Design
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Abstract Some improper points of system illuminance formula in the optics textbook and optical software have been
found and analyzed, and more practical formula have been deduced. On the assumption that an optical lens is a passive
transfer system, after analysis of the original formula the relationship of the off-axial field of view with the relative
illuminance is cos'«w. When the field angle in image space becomes smaller, the energy will be enlarged, which is
impractical in a passive transfer system. Then, by taking entrance pupil as reference, we recalculate the illuminance
formula and obtain a reasonable one. Software simulation validates the new function. And the illuminance of image

)

plane off-axial fields is proportional to the cos'w of the objective field angle.
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Fig. 1 Calculation model of axial illuminance
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Fig. 2 Calculation model of off-axial illuminance
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Fig. 3 Three simplified lens system to calculate illuminance. (a) Superposing stop and ideal lens, (b) separating stop

from ideal lens, (c) stop at object focal plance
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Table 1 Relative illuminance in different cases according with Fig. 3

Stop position /mm 0 —20 —100
Field /(*) 0 10 20 0 10 20 0 10 20
Relative illuminance 0 0. 946 0. 797 0. 965 0. 863 1 1 1
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Fig. 4 Calculation model of entrance pupil illuminance



74 S BB 4

X AE B IR BT R A S THE 1367

e S BT I /0 DX B B 5 S T A /0N U R
FEREXT BE 5 45 25 T DL 3fe LG 2 AR G 0 3 A 5L 1R
TR A0/ DX B 4 WS ) D' R R Ay ab A ) A X B E
I T DUORE IR 757 Y5 FR Oy i AR S T A

WniE 4. W1 oxy A —U/NHEITE ds, 3 e
RGGAE o' 2y G- L BURTE T ds”. et
ARG AR I ds 1 I I FB 43 0 38 1 ik 260
R I ey S TS O 1Tl P/ i A - W 211G
T ds O H

PO 1] 2= ) 18 1 BE RS O R T T A L
e 10w BEASP)F- TN AR R OGsE R Lot
RGBS FN o0 W ds TE o J7 ) _F 150 BE R

I = Ldscos w, (8)

G ds 2 AME OB E A R/ cos w.

B ELAR N d U [ T B T JT ds /) 25 [i]
i h

~ gd'cosw  wd’cos’w
1= 4(R/cosw)®  4R* %)
N\ T TR 422 WA ) D 3 Dy
® = I = nd’Ldscos'w/(4R*), (10)
A4V T 1 B Sy
_ @& nd’Lridscos'w _ wd’Lrycos'w
E=w = Tara AR'R* ab

A B L RGO A A [ WL 3 4 F T B A
XIS Ee MR8 (1D KAl 15
Erx = cos'w. (12)
e RGN ST m i .8 = f/R. f A
FRGEMER AAAQD XL 15
E = nlz,cos'w/(4F?), (13)
[rh Fo62E R GRS FLAR RO B4R
i (1D 0~ (13) 2] G gl AR Ta 1 AH X iR
& R T W) 0 g A BRILE R R ge b, AT LA
SR FH A i T 76 25 40 1D P T 4 e A T BREE L X T
75 AL B I R GE . W) 5 Y — IRAE VO 45 0 — A
[i] 5 {FL » AT IR 0T BRORE -t B A | J2 T 7 1

5 HAL K ILES

9T LW C13) S IE B e 5 B L0 S
PEATHE . (5 OB T 40 F 60O B 4 PR
— A S R P U 0 N 3 TR AR R 0 i
VL B EE R GG RIS I L T R
S0l 95 X TR B0 B 0 062 2R 90306 P B
AR FRGE Tk 2% RSB B KT 50 (k% R
e KO B

R4 A R IREDGE N 5 s Dbk St
Wk HX LR D/ =1/5 52 1 W/ (sr » m),
Y s £ 307 M A R SF 82 mm X 82 mm, # 2
R A B S5

image plane

K5 FRg A G RHOLEKE
Fig. 5 Ray trace from exit pupil of system A
BERL A IR EETH S A5 RN & 6 Fr i, w] I bl
MR 0. 01 Ix. LIRS 0. 00565 Ix. filgit5
Fe/INHE T RREE Sy 56,504
F2 B ARNRHSE
Table 2 Design parameters of model A

Surface Radius Thickness /mm
Object Infinity 5100
Stop Infinity 0
Perfect lens Infinity 100
Image Infinity
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Fig. 6 Illuminance calculated with model A. (a) Distribution
of image plane illuminance of chromatic table,

(b) contour distribution of image plane illuminace
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Fig. 7 Illuminance distribution of image plane of system B
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Table 3 Design parameters of model B

Surface Radius Thickness /mm
Object infinity 5000
Stop Infinity 100
Perfect lens Infinity 100
Image Infinity
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Fig. 8 Illuminance calculated with model B. (a) Distribution
of image plane illuminance of chromatic table,

(b) contour distribution of image plane illuminance
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