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Abstract In order to find a more accurate calculation method of relative illumination of lens image plane in a wide-
angle lens system, the limitation of the existing calculation method is analyzed, and a method to calculate luminous
flux by vector ray tracing based on aperture stop constraint mode is introduced. The expressions of feature points
coordinates and illuminated area of the first optical surface from abaxial ray under the control of aperture stop are
presented through vector analysis and derivation. According to the condition and the law of Lambert radiator, from
object space of lens, two kinds of lens image illumination analysis modes under conjugated condition are set up. For
similar imaging system and non-similar imaging system with large field, the expressions of image illumination and
relative illumination are derived respectively. A basic scheme to increase relative illumination during optical designing
is proposed.
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] 2R, AT MK [ 50 W 1 0 i BT A B D7 [ 1) f2 3 2R o' = (cos 90°7) i+ (cos B ) j + (cos w)k Tl H =
ANTT AR 5% Z MR AR T F1 R 1 A 8 B0 O & L IR vl LA 31 7 R 4

cos a, =0
COS Y, =COS w . (20)
cos’a, + cos’ B, +cos’ Y, =1

COXPHEBEE = ADRME S =D REN m—1 E m+10FEZE B LI T MR 5% cos aw 1
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COS Butn— 1) +€OS Vw1 o AW ILTE ZF A FOGE M T AR, COX P LM Ead SRR AT
AT R 3 e SR A (20) 20 AE 0] LU S oS @uin—1) »COS Bacno1) +€OS Vo, » AT LISRAF FYRERAE R, I3 AT
AEBR S (s vz ) I ERE,

TEIRNRIT 1] PGB AT G4 Bl ¢ T F/FF 11 YOZ T 7™ 8 X5 Bk . BT LA BB Z AR D 278 A [\ Dl
ST R A A RS X R, I, FORZRTE Ry BRI AR X Bl Ar R R G AE R B s AR
X g 2 A AR A BIOR A 95 FE 7 0 AN S OC R AE e Ry b T8 BLA% 6 [0 T R i) JRSF IDX A 9 2K 7 1) )
kR L. =2]2%].

IRV A X EOCER B T L X R Ot mT LIAS BIAR [E R . E TR A (20) A AE OC R) E,
PR e Pr B AN B AT S e

5 R by BEEE S AR X R R B i
S1IYEAFTENENBEITE

W TR T B R 25 R A BURAR R G O TR R A TR RG2S A T s Ao, O
IR IE QR AT 4 5 . AR A0 18T 04 338, T4 5 45 W 7 6F IO 174 T G J9T i 558+ 19 ' o TR B A e 1Y) X T
FUARTR] A BB 1l 2 A% 50 B8R 1103 07 325 P il A A8 2% 14 » T L AR 6 Bk Ak g A 400 375 19 Y6 B i 8 0 A [) BV 7 7
b AR Lt B A AT B AR . T DA AR FLAR O B R S A S AR AE R R AR B Sk Ry BB LAY
BT AR o] DIORS B 3 F 34 AN T e i A S GE @, L 1 LG B DL R G BB SR o NS TR B R
TH T B o i @), /Y

o, =d,r, (21)

A b R AR Oy R T b IR

T IR A T B 5 Sk B W BEATS Sy Lo ko Iz A0 3 W T A T D AR T T A A T T L T Y ROk
FEREN BRSO UK R AL U I B R Lo L BT LA L, WIE i K T YRS — B A 1 BAR .
LAY B OGRS T Z SRR & T L, & 9 B W e ds, A ds, 43 BSR T80
[ 7T ds,, Al dsi .

the first surface optical system

™\ paraxial spot ¢,

PEl 9 S I (] 96 4 I R R T S
Fig. 9 Image illumination calculation model of the system in which a plane surface is conjugated with another plane surface
XEFYF- LAWY A o BIEIC ds, KUk, ds, 585 B MG E R I, = nds, cos w, 505 & N
Li/cos w, BT ENET Ry FHISMLYG o SCHRBGIIX ¢, MELAAXT ¢, 5 ds, POMERREISM A0, N
¢, TERLTT WA AN ¢, cos 0, - ¢, FIXTHE I ds, WO BT STAR LR S8, = ¢, cos O, cos’w /L5 Al
SRS IX ¢, FEWCE] YOG R

®,=1,,=nds,p,cos0, cos’w/L5, (22
HT o, =0,r. Y5 EA WA — — WS 09 80 K¢ vk, Br LRI T ds, 325038 19 6 & 7l %R o @, =

tnds, ¢, cos 0, cos’w/LG. MHEE L. ds, H 3 i B
E, :(P;/dsfu:ﬁydswinmcos 0, cos’w/(L%ds.), (23)
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T 4 AT 76 FG TR 6 09 LU AR AT AR T F2oR, WG T b ds) BB BE AT i — 2 R N
E,=tp$,cos0, cos’w/(LiT?), (24)

i r=—L"/L,,
E,=1ty¢,cos0, cos’w/L'?, (25)
XFF 0 MSE AR R0 FTO, ¥R 0,00 ds, FR ST AR EE R 1o =nds, ST IE B R Lo g0 AHXT ds,
MY 25 8o =¢o /L5 ¢o HUCENHY LI 5N

@, =1,8, =ndsopo/L%, (26)
FRFN Gk BB SR ¢ LUK RRESFE, R T dso 0B 19 il i @k
O\ =®, —rpds, o /L1 @7
RIEITT dso 1Y BREE A
E,=®;/dsi=1tp¢,/(LiT*) =194, /L"", (28)

PR il AME T A AR OTRY BREE L B VAR XS B Dy

E _E, tp$.cosd, cos*w/L"? ~ $,cos0, cos’w
" E, T77¢0/L/2 $o

AT R I, 6, N Ry A RS XA TR, 2 B8 B X O U B, A A K L, =
(o — i) (el =) VIR K B Lo=2 |2 | B B ¢, ==L L., ¢, BIERER O
MG THAAARE Y 5y v BT LA o =n (y0) 7.

E, 2cos0, cos'w |t [/ (7 — )"+ (=0 — =)’
:

(29)

E =—%= T (30)
E, (vi)~
52 YEAKEMENBEITE
Yy A~ T DA UL AR LR AR R W AE A LR AR R G A W] S BT TE ) 0 L AT R

JEOM T o ARERXT AR RLBAR” R GE , A A0 MR Sk a5 A Ry A fEL AR ) A B ke o 25 P 0 T D ~F- T ) 2 XU A 3
Mo YA o #HREEET 90w, QO XA E, 3T si5 T 0, M & W2 5002 . IR BT Sk 58 2] LITE
w =90 BT B0 T WA HLATARAS —E R IR . PR, o AR AR L RAR " 2R G kA T IRBE 20 A o 05 53 REBRAR

XEF AR AHRUSAR” R GE L W AN R S 1 TR BRI JC iR ) T S P I A 2 BRI B Sk AR
TCLR G i M AL R B A R A ARAS AR Al BT LI T Sy - T A5 0 — R 490 T A 3K T I L AR O TR R
E AR RTE Ry FAT ORI R AR IXC 322 SRR DX 43 Wi 201 /) 49y T 7 608 A3 11 100 D' 3 ik 3fe AG I B 3, gl 45
TR T T H N B YOG T B B DT AR T 07k S AR R AR R A

BT AR AR AR B B T 9 8 B L R IR H T AR A AR OG R e T W B R e AR LA L
PeSE T B O L SR AT AL ORI AR R R O, MDA R R T

K 10 Fom— MM o 2908 90 I IR e A9 W) 12 7 SLPE I Wy i~ A2 O Lo A9 b fE BRI B2 Sk 26
— AT O AL T R TE A BR O BT . X Lo = L AR T R I EE R Lo FIIEL 9 A EE L BR T
Wy R P TS A Sy BR AN L A SR AR BN

K10 by BRSNS TEOC ds, PO RO Ry EIRESIX ¢, PO B LA R AR L IZ R AR ds, 1Y
R LG RV G B AN ey e, WM T O B BR/IMEL . ds,, 55T H R 58 E h

I, =nds,cos ., » 3D
HRTEEES N Lo /cos p, s BESTIX @, MIEZHMXT ¢, 5 ds, BRI MA NG, . W BT IX ¢, 78R4 T7 10 1A R
HBUA ¢, cos 0, 5, FFHEIC ds, 0BT 25 18] F 0, 20K
8, =é,cos 0, cos’p, /L5, (32)
W) g, E2W3) 06 5
®,=1,0,=nds,¢,cos0, cos’p, /L7, (33)
F R RGBT R o ART R RIMOGE O @) =, W IME T 1 B N
E, :(P;/dsfu:ﬁydswin(,)cos 0, cos’p,/(Lids.) (34)
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spherical object

Pl 10 Sk AT AT - ThT 5% TR R BE - B A 1Y

Fig. 10 Image illumination calculation model of the system in which a sphere surface is conjugated with a plane surface

T
ds,,/ds, = |l | (35)
W)l AME T Y B BE AT ARk R
E :Tndswqﬁwcos 0, cos’u _ ™, cOs 0, cos’p, . ds,, _ ™, cOs 9, cos’p, . 1 (36)
i Lids! L: ds!, L: \r,.I,.|°

Xt A AR B 0 W3 9 45 1 T BRUEE (T ST O IR R A O R A R R R N | T | =
‘For ‘ 7H Fyzif/lz()acos ewzlaCOSﬂzleﬂﬂ
o 1 _ e

E():T"]dS()¢o/(Ilgd5€)): Lg Fgr* f,z ) (37)
JU)HH X HE BE Ry
E, ¢.,/%cosf, cos’pu, 1
E.=—= - . s (38)
EO ¢OL(Z) ‘erl_‘w! ‘
T p, BIET 0,8 cos px, BT 1,381 H
E, ¢.f%cosd, 1
Erziz > . 0 (39)
EO ¢OL6 ‘erpcu\‘

(39) 3R A * AE AR LD RS W 556 R X TR B8 ) — g A 3 X o o o IR 288 TR 0 5 R X TR B8 ) — e A 3R 5

ST R R L AN TR S B Y R 5 L 5% TR B AR A SR TR] AR i R 1, AU 1) R R T,
AT BEx R Wi SRR R R B R UL, R B MG E v R E AN y = fp, P
¢ =mw /180", M3 & W) BT WA RN

er:f./LO ’Fm:(iijpm7 (40)
S

) S5 R A 52 7 S AU B ) B L AR NS R B 5 W] DA E— 2 3R OR
E, ¢,cos0, \r,. |

E,.=
E, $o T,

, 41D

_ $,CO8 a.
==, .

XA B2 2R 6B« FLE O T 40 0 L0 28 58 00 2 e o4 2 D 0 5 28 L
Wi A2 LRI AL 127 01585 5 3 b T B0 T 0504 (/L) B9 — W0 AT E (39) 38 o i B 22
KB (/Lo W@ T, 8 T, 0 Ee ] R =G, AT 2260 T (42) Ky 4521
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El’
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S AT R R B 2R 6 I S 4 P BT A LR G 4 B OH 5 . T B R 0 10 162 4 4 5 M S B
S P B B R MR AR 28 49 1 R X TR 0 0390 8 A3 =k 7 LI FE L NS — e L R X [
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