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Design on Optical Components of an LED.Zoom Illumination System
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Design on Optical Components of an LED Zoom Illumination System

Student : Yen-Pin Tsai Adviser : Dr. Ching-Hua Hung

Department of Mechanical Engineering

National Chiao Tung University

ABSTRACT

LED has advantages of high:éffic¢iency, long life, fast response, small
volume and so on. Powerssaving and.envitonmental protection are also
the key points of LED for sustainable development, so the epoch of using
LED to replace conveitional light source 1§ coming. Through well
designed optical system,”.engineers can produce LED light of better
performance, and result in more uniform' illumination and high energy
efficiency.

In this research, an optical design is brought up, which can achieve
high illumination quality by using two aspheric reflectors. Through the
relative movements of the reflectors and the light source, zoom function
that can change illumination beam from convergence to divergence is
obtained. Optical software is applied to system simulation, and
optimization is performed to choose the parameters of reflectors with the
objects of the uniformity of floodlight and the efficiency of spotlight.
After that, experiments are carried out to verify the validity of the design,

and the result corresponds to the simulation of zoom illumination.
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1.1 f§ 4

1962 # % - i+ R k3 & - %48 (Light Emitting Diode, LED)#*

o BTRZ L EPEEFE D LS 2 LED > & ZER4T E R
iR - LEE e B RTSE K 0 4 RELMAER I 0 1993 & P

f; it & 2 # (Nichia Chemical Corporation)# & 1} 5 »x 3 gk LED >

k

B 1996 & = 7 4 B 46 % DED@R000 # = + » ¥ K 4p sk » i
6k LED » 31 » 1 X 74 Spfeenfi 2% LED ; 2002 &% 3%+ H3L 5
1 SN LED> P w55l 2 XX 320 - 2000 £ B 4> & 4§ LED
L g i BARRAZRG AR if R T A M 4 (1] - 2006 £
FErw L g 2 7 (OSRAM Opto Semiconductors Corporation)#a o} 7
700 F & 2 erZpde T T 0 T 11 400 jR P efn sk LED o
LED 5772258 ~#T 2] ~ ML BEKLHRE - MgHE @
P E AR SR TR w TR P RES S HIBE R
HH - BRFAEASFZFRLERP AP RABIARTE B
®% LED R Bikihz BP &S RE I &4 R e 330 2
TR R EH - XA LED BPE & 0 &% g Fleds t B i

S TR BB ERRE ST R S HE Y
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G EFLBM blde: L F M KAE S FPLZEE

TEFR Ak > RERPP

i

3 LED 2 375V el B2 5 ¥
TER LS o

p# LED B % AP ch™ 2 X K& 35 ¢ (1) B & #4554 50 LED
S enS VA B E B4 (WLED Bt K REp %gd 2
FIFERBOAGK > F BRI 2 e PR QDI SHL 2 F
bp2 376 R IE > Bk Foe At o A iE IR 2 T EH Rt gt sk
Ry ¥ LG oo B AT EIRE e FL -
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2 F AR 0 PES & B Y cnE K (spotlight)k & o #sk 4% T A
PlAcBEE S A SR S 3 IR F & BFTeiL k (floodlight) - BB R < o
mfF o DlAeE P BRP IR E o L5 ¥ E(zoom)F ip R kLW
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21 E RhE

KFFATRDNR G W F A GNP LINGEUR R
PIR i 3t o (1) S = sk & (geometrical optics) » E_% kA3 272 o
(ii)4~ 72 % & (physical optics) » "t S 2 X ek 2 o (i) 5 £ %
(quantum optics) > J&* £+ * Eh3 Z > Fy KA TR A AHE =
TR o 18 R m%,éll] A Bd A/ A E SR T RS o E
A T ARG RS RFERF T4 B Facc k)
EEB P FT Y RELG B L E AR T AR E s A
LB S kE e TRAHUEF L TIRE - Ak A kg A
FARATE 2 B B IR AR Sk

W E AT 0 TG B R kg ik IE (7], [8], 9] ¢
2.1.1 F $Hfeitstzim

GBl 2.1% A L57 » S22 Fh G - ABRZ ZMNA S &g
s FE S~ 5 & (angle of incidence) > TA &8 NA #rid-2 2 T & fi » &
# (plane of incidence) - & B F %t %_#=(law of reflection) » & & & »

o pF B EZ3 8 h > TIASNASARBSARRF- TH p > F
¢ =¢ 2.1)



375+ T = (law of refraction)* £ 1% Snell Z_#=(Snell’s law) > 45 if 4
T LTS SR N M B R T ERETRE(Y )RS - KK

2L o T

sin ¢’ _ e 2.2)

sin ¢
¥2§<§ z v N I e fg 5l ¢ i&*ﬁ%’,{?’%ﬁxfﬁﬁié 5 ?ﬁ‘ialq-gﬂ-;k:

(index of refraction)n o 4rf@] 2.2 > 4r% 2 iT8F 2 nx n' & fad 2

¥

ITEEPE T LET B A A5
nsin g =n'sin ¢’ (2.3)
WIS S S A FEIE A IR TR o i K XL E

EA

B kR R Bt 3R JTEF 6
212 TRk &8 2 F &

hod KA d B ATE SN R E ~ MATE S A T T8 A % 30~ B

o TP M ARG - BHRILER EFTEE S 90 R 0 M PFEI BT A
RAL S T80 & (critical angle) o d d78f 2 & > ¥ iRt & 2 o 0

sm@:% (2.4)

B O~ E XN TRA 2 > PlEITEAR 0 A B 4 > F Sf(total internal

reflection)(B] 2.3) e ,T*u/- L R L O e e

S 4 pEE AR AFA .



2.1.3 ¥ ixld
d 4TS RIRT fro e FOSRRAITHEME S 9 T 0 TS G

RELF SR 450 7L RILET ¥ 00 E - F Si 845G 0 T

3 BOAF Feef )k S o
2.1.4 k482 Fermat i 32

F R AATHE D N vy e A R AR R RS d s

d, > ] %_3 sk 4% (optical path) %
t

Fermat /i 32 (Fermat principal)#:57 » e #rd st » H k7 % &

LR RN B o P RTEE BB SRR T R P e T o

2.1.5 ¢3¢

Yol 243 PR Ehk r - A AAFY B AT

W B G A endr st e Flpt g d kA A H o FIE AR 24784 7

I'TI;,)J

o #4Et S0 ke dd 2 ko FRERRA  EELREE] D

7% 4 ¢ fz(dispersion) » ¢ §TAZ & 14 Abbe number # 7+ >

Ny —1 (2.6)
Ng — N,
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ETTRS

cr?

7=
1+ +/1- (1 4k)cr?

Tt o o+ (2.7)

cr?

SHEG SR F N oc S TRERY w2 K
1+4/1-(1+k)c’r?

rae FLjs > k 5 [fl48 t: #c(conic constant) » § K< -1 W &z 5
WA R k=1 Rz SPGB -1<k<0- @ Rz 5 ¥R
B k=0 ¥ Rz 5i3ka F k>0 ¢ P2 2 FF 6 > 4B 2.6

e AL=af o’ +o 4 TG AR - S G
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Kple- B islaptrE 33 P AR AE 2 N HET L k2
B e NTRHALI- FARPER  FEFXREH 2Rt o

d Bl 2.7 F - A EIRe g s - Bk SRR R4 B

i

FERI -G P REQT LY G [VE:

P

;L/?‘T‘_I";v ’

-

=1

At

=5

o
Q=A/r? (2.8)
H > ixke & steradian o Hldr— BREFRE L 5 Artiii=4
7 steradian o
TR MR- G kR LR RS H
1. kil ¥ (luminous flux, @) : d — kiRt 5+ 7 5 X P27 doehifg
Stac o LG EW £ o Bk lumento

2. k353 & (luminous intensity, )3 Jg 85K Jh 5 &R A

St
|
@ N
{w
o]
E

AP kil £ %A > B =% lumen/sr = candela °

3. P& A& (illuminance, E) : k4w hik s P H > g kil £ % A
¥ i~ % lumen/m’ = lux -

4. %7 (luminance, L) : - A - AR a > H o iz H =24
N L L RS T4 3 S A ENUESEY T

2/ o ¥ =% lumen/m”/sr = candela/m” = nit - [9], [12]

Juk

5. ¢ B (color temperature): — Bk h2 & F3H LG 4pk kd 2 R E

11



2 %8 (black body radiator) & £ 2 G ¥ E R E > LERT A F REBl2Z
& = 3. #E* (Planckian curve) (B 2.8)F 45 Fl¥H R 2k -

6. /& ¢ 1 (color rendering): 3t # KRR IS & IMNgEd (& AT = IR
LFEpRd ez Rk o T 357F ¢ 14 dn Bic(general color rendering index,
(Ra)s 4 2 o5 LRt T M7 2 57 28 b S MLRMBoHT 2

B A 2 AP A B o RaARM AT R R ke d 424 A [13]

2.4 ki

khEaf g p Tt Gk REAE o A4 H Bite 12 LED W

ek Bk R BA LR e
2.4.1 ¢ % e (incandescent lamp)

S * - BFREM kR THEBULT FleiHnEq
BT o g FR  dF R 2 BENHPEE - TEIRIARY
FOPZEFAAFELFM O BENRBEF A FEPER A
1300°C | 1600°C » & ac 5o #uax dhde 5 %0 A2 7 #f 42 % 306

i BB KT A 0 s 10% RSB A dE R P B s

AEREFU FRTEET AR B R EF L o
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2.4.2 ¥ % %(fluorescent lamp)

FORBPMIME G OMRIRE FHE KREF F AT §RIEEE
BIN R S RRAF DR I F N B0y R A
SV RE RARDFEREM G AR of g?g@g‘fﬁvﬁﬁlﬂzde
R Do KR HEE G LR A0S 0 RIELRY VIR RP o
ol F RER & - RER 2§ R RS R R A LRk

o Fle AREIER TGS 3 5B AR B RTT VA

4R e FREN ZARS AnIFEERT D §HRER S G T [14]
2.4.3 % - &% (Light Emitting Diode, LED)

Ak iR - Lo E s o L 2 > B iR 2
A& PN B e § w4 DRI ok p R L RS &
PR M e s Tk MBI R ke R B o d B F D
LT EMH AL cLED £ 335 4 R X RE P 0 T

S O PPN E R LR E TRIRE GOk e & 2.1

ETINS

pa LED 2 ifd 8o & 22 G5 ¥ Lk k- mHlHY 27 F
Flzopft > mwE Hg ke £ 2 BEd oo

£ A1 % LED it gk i@ % 53 ¢ - B R 7] O LED #

EAA G X 1993 AP L ELFFERE NI § L4 RS ER
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LED > e B HF 5 5 # > v %k LED ¥R+ o #]i4v & LED ehd
ST e A RE- RS A kP o F LED H
DR RCF cnEE R o IR0 FoR AR Y B i 2 kR R g ko
PHEERRLE N ko g - f7 2 6-F Mo aRAFER AR
-~ BAFEL R AUFNSERE AL PRRI G o =

B E w4 (ZnSe) i R I F 4o B §F V4

P AEFEE R B oAk R BN SRS &
[15] -

v BE ek aeS 5 10lm/W e F BE S L 80lm/W e p
& LED e k»x & ) 540lm/W o 8228 v 2k LED cm»e B 72 2 § k&
HEo ARy <A Jad LED R E IR A2 7o a
2000~2010 # 3 F S5 ®E ~# B v £ LED P » ¢ NGL(Next
Generation Lighting)#L.3] & ~ 2012 # # LED % k»x % % 8 3 150
Im/W; pridFAEY B T it s LHEM, BEitd =
F21 ek F Y Ad ~ 2010 &K LED # k»cF:iE 3] 120

Im/W[16] -
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% 2.1 LED z 4t %
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£ 22p % ¥ Akz LED # % chil 2 4 4 thsk

SR - ]
680 nm kid
w1t 4% GaP
570 nm + %
585 nm *
B4 i & GaAsP 630 nm #
650 nm &=
sEFH it 4% AlGaAs 660 nm id
560 nm s
B 4rdFky AllnGaP 590 nm 7t 74
625 nm Jf,%l =
400 nm *e
§ it 45 GaN 470 nm i
525 nm %
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Q=A/r2

1 Steradian

B 2.7 284

L1 LLh

™ Extract from the chromaticity diagram
showing the Planckian curve

0.46
x
0.42 s B ‘5
g
0.38 % Lumu:gfus
oI TowNpL  VATWIte 31-830
B9 LUMILUX PLUS
coolwhite
0.34 % HOI-TOWD

HM2
LUMILUX PLUS Daylight 11-860

0.22
024 028 032 036 040 044 0.48
X

o 0,1 02 03 04 05 06 07

B 2.8 DIN5033 ¢ & Bl& § ¥ 5. fup™
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3.1 A 4P L K

3.1.1 RFFEK

AR LR R b o F SR B 31[17]0 F K
Rtkdh b #Hd o Tregk A s ed B Ped g Ak . Xk
RF S > B R Bhind & AR RAR S > TR R BRDRR YLK Ph o KR
BER LT LepBAES s 22 2k AT o B
3.2[18] o F)pti¢ * Hrkk 2t F Kdx o deR 3.3 2t 0 @ kIR A
AR Y 0 kAR Rk ARnph o Bt kAT E Y AP L7
§AFHEBR Y of G F LBz 4oB 340 3B RPP K
TETH SR AL R BHES g KRR - X et F B gl
FEOFER ] o R FkirF SRR ww S kT A LA PR
Ao B - BRBEF e F M B B LR ok Sa B R

e R AL KR R TR S - BIRESA L
SRk R s NI Ak Sy BRI (R 15 X F

Fd S B BB E 0 Pk BREF S e 6] 0t SR
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B3RP o Vb KRhEiche e R o Bk kg Fd At st d
Bl Fhbdd PREZ 0 Fla s Ak AR T gk & Ax koax
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EE A B C
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SLIE J@HR. BhA U ¥ [BeD EEE H H]lLINETE?S PIXELS 56@ W ¥ 536 H, TOTAL HITS = JY1AS7I SI7E 108R. BO8 U ¥ P00, EEE H MILLTHETERS, PIXELS G@6 W ¥ S@@ H, TOTAL HITS = 341673
PEFE ILLUHIN‘NCE L. 2044E+BBZ LUINENS/H™ FERE ILLUHDFNCE | ZB4EE+BBZ LINENS/H™2"
TOTAL FOKER 5.4549E+BB L LUNENS TOTALFONER 5. 454FE+DBL LUNENS

1840 , 0GR

162, Q@00

194, Q@R

126, 0@0R

103, o@on

<@, 0aeR

72, 0008

B4, 0aER

24, DADR

19 . n@pa

198 . 00D
162 . 0600
144,000
126.0808 || |4
BLENLLEI B
78 ., 0g@n |
3.0808 F
su.eaon |1
24,0808
1. azon
©.06en

Q. 0808

DETECTOR IMAGE: INCOHERENT ILL UMINANCE OETECTOR IMABE: INCOHERENT ILLUMINANCE

HED HAY 5B 204 WED AT 3P 200
DeTECTaR L2 MSCI: BLREACE e - DETECTAR 17, Wecr simrAcE

BA H MILLINETERS, PIXELS 50 W ¥ S8 H, TOTAL HITS = J&2I947 . SEE Taan. 00 % 1Bon, qad MILLINETERS, PIKELS 58@ H X 588 H, TOTAL HITS = 3421947
PEFK ILLUHIN‘NCE 2 232 1E+BDZ LUNENS/H' 2" - PEFK ILLUHDFNCE 2,332 1E+DBZ LINENS/H™Z"

i B.7561E+BBL LUNENS E51E+BRL LUNENS

150 , 0EDR

162, Q@00

194, Q@R

126, 0@0R

103, o@oD

@ , 0ane

72, 0aoe

B4, 0aER

24, DADR

19 . n@pa

138 . 8@EA
162 . 0E@@0
144, 0@ap
126 . 0808
103 . e@En
2@, 0E08
72 .0a08
EY4,0E08
24, 0E08

B
@ .e8an

a.oann

CETECTOR IMAGE: IWCDHERENT TLLLUMIWAMCE OETECTOR IMACE: INCOHERENT ILLUMINANCE

HED MAY 5P 20, NED AT 58
P T NEer sueeace 1 Vet T Weer mureace
SLZE 1@AR, Bh@ U % [PM.GEA H MTLINETERS, PIXELS 58@ M X 588 H, TOTAL HITS = 2124925 SI7E 108R. BO8 U ¥ [P00. EEE H MILLTHETERS, PIXELS G@6 W ¥ S@@ H, TOTAL HITS = 3124934
PEFK ILLUHIN‘NCE 2 S1EFE+BDT LINENS/H"2" PEFK ILLUHDFNCE Z 24SE+DBZ LINENS/H™Z"
Y. 5539E 1001 LUNENS 3379E+BB L LUNENS

B 321 &L Rp F k52 BAR
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S\
AN

i , B
B E A P

5B A

138 . 8@EA 150 , 0EDR
162 . 0E@@0 162, Q@00
144, 0@ap 194, Q@R
126 . 0808 126, 0@0R
103 . e@En 103, o@oD

2@, 0E08 @ , 0ane

72 .0a08 72, 0aoe

EY4,0E08 B4, 0aER

24, 0E08 24, DADR

139 . oE@E 19 . n@pa
. AEaR

a.oann
CETECTOR IMAGE: IWCDHERENT TLLLUMIWAMCE OETECTOR IMACE: INCOHERENT ILLUMINANCE
HED MAY 5P 20, NED AT 58
P e T NEcE sk Ve T Weer seeace
SLIE 1@HR. BhA U ¥ PO EE H H]lLINETE?S PIXELS 56@ W ¥ 536 H, TOTAL HITS = 284l L5 SIZE 108R. B8 U K 1 ﬂE H MILLTHETERS, PIXELS G@6 W ¥ S@@ H, TOTAL HITS = 2841154
PEFK ILLUHIN‘NCE 5 l'|35E+IJ!JL UJNENS/ PEFK ILLUHDFNCE 5 HJEE*DD[ LUNENS/R2"
Z573E+BR L LUNENS
156, 0@@a 1840 , 0GR
162 . 0E@@0 162, Q@00
144, 0@ap 194, Q@R
126 . 0808 & 126, 0@0R
103 . @@E0 103, o@on
<@ , 008 <@, 0aeR
72, aE08 ¥ 72, 0008
B 5y.0a0e | | B4, 0aER
24, 0E08 24, DADR
13 . oE@E 19 . n@pa
@.08e8 Q. 0808
DETECTOR IMAGE: INCOHERENT ILL UMINANCE OETECTOR IMABE: INCOHERENT ILLUMINANCE
HED HAY 5B 204 WED AT 3P 200
DETECTOR 12, MSCI: BLREAE e DETECTAR 17, Weer EiRFAzE
BA H MILINETERS, PIXELS 50 W ¥ S8 H, TOTAL HITS = 2FFIB36 . SEE Taan. 00 % 1 B0, qad MILLINETERS, PIKELS 58@ W X 588 H, TOTAL HITS = 277LB3&
PEFK ILLUHIN‘NCE 2 ZZSAE+BD3 LUNENS/H' 2" PEFK ILLUHDFNCE 2. ZZ5EE+083 LINENS/H™Z"

i HI4SHIEBRL LUNENS 4343E+BB L LUNENS

138 . 8@EA
162 . 0E@@0

144, 0@ap

126 . 0808

103 . e@En

2@, 0E08

72 .0a08

EY4,0E08

24, 0E08

. AEaR

150 , 0EDR
162, Q@00

194, Q@R

126, 0@0R

103, o@oD

@ , 0ane

72, 0aoe

B4, 0aER

24, DADR

19 . n@pa

a.oann
CETECTOR IMAGE: IWCDHERENT TLLLUMIWAMCE OETECTOR IMACE: INCOHERENT ILLUMINANCE
HED MAY 5P 20, NED AT 58
P T NEer sueeace 1 Vet T Weer mureace
SLJE 1@AR, Bh@ U % [PM.GEA H MTLINETERS, PIXELS 58@ M ¥ 588 H, TOTAL HITS = 2494759 SI7E 108R. BO8 U ¥ [P00, EEE H MILLTHETERS, PIXELS G@6 W ¥ S@@ H, TOTAL HITS = 3494793
PEFK ILLUHIN‘NCE 2. gé?;?gs? wngzgm? PEFK ILLUHDFNCE %, Z198E+083 LINENS/H™2"

{7E+DBL LURENS

B 323 &4 mtE KT RAE R
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A.Z50AH

A.2ZZ55

B.2B108

A.1745

A.152A8

A.12¥5
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kB i 1

153 . 0dGRA 123, 0d08
162 . 0808 162, 008
144 . 0@@R 114, 0d@8
1240408 126, 0@
13, 0aon 109 . 0aE0
3, 0aep =3, @aen
2., 080D T2, 0a@0p
A Y, 0a@s EY ., @@en
'L, D@D 24, @dep
Julrrl] 19 . aEE@
a.0dea d.eden
TETECTOR IMAGE : THCOWERENT TLLONTNANCE OETECTOR IMAEE INCOHERENT ILLOMINANCE
HED MAT 3P 224 THU HAYT Sl Z@E7
DF"E:TGB 12, NECE EURFACE DETEGTOR 12, NSCE SURFACE LY
PH IEEEH%.ENE ks {%&EEEDSZ%h%nE}ﬁ PIXELS S@@ W X S4@ H, TOTAL HITS = 341579 g% :][EEHDWEE:S L%EEEDEZ%h%“E}ﬁ PIXELS S84 W X S3d H, TOTAL HITS = 337LSe2
4S4FE+BBL LUNENS 5.37YSE+BDL LUHENS
18@ . 0@0n 123, 0d08
152, D@OR 162, 0d08
144 . 0@OR 194 . od@p
126 . 0300 | r 126 . 0d@p
103 . oaoa 103 . 0aEn
2@ . 030D o3, e@en
T2 . 030D ¥ T2, 0a@0p
B B4, 0dap - B4, @dep
25, 0dap 24, @dep
13 . @0BQB 19 . a@@@
.0dce .egen
ETECTOR THAGE: THCOHERENT TLLOMTHANCE ETECTOR THABE! TNCOHERENT TLLUMTHAHCE
MED HAT i N THJ HAT S| 2067
DETEGTOR L2, NSCL SLRFAGE Lt DETEGTOR 13, NSCE SURFACE
E% :][EEH H x l%?gﬂngzmmh%nggﬁ PIXELS S@@ K X S9@ H, TOTAL HITE = 3821947 E% :][EEEHEE:§ %mﬁgg%ngz%hgnglﬁ PIXELS S@@ W X S38d H, TOTAL HITE = 359YZLS
'OWEF. L THIE+BBL LUMENS TOTAL POWEE i 5, TSAVE+PRL LUNENS
18@ . 0@0n L 123, 0d08
152, D@OR 162, 0d08
144, D@@OR 114, 0d@8
126 . 0300 126 . 0d@p
108 . oaon 109 . 0aE0
3 . ea0n =3, @aen
T2 . 030D T2, 0a@0p
C EY . 030D EY ., @@en
25, 0dap 24, @dep
19 . BEEA 19 . aEE@
@ . eaen d.eden
OETECTOR IMAGE! INCOHERENT ILLUMINAMCE OETECTOR IMAGE! IHCOHERENT ILLUMIMANCE
NED HAT 50 208" THU HAT 51
DETECTAR L3, NSCE ELURFACGE L! DETEGTOR IE NSCE EURAACE
i Bl T maers, s s oo oo | || 2T BEE L e e s v s om0 s
FHFIETBBL LUNENS E311E+BDL LUHENS
327 2 KB iF e is PR R BRI &
B 3.27 £ iE 1L i PR R B
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e
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|B@. @POE LE®. @B0@
H =
z 3
H =
g 95, 0pa a 95, @000
: ;
g B
=} =1
A |F §
LB, a@apa LD, aopg
-E0p . aepa a. oacn ERO. 2PEA -E0D . dapa a.ogen EB0.0Ded
¥ CODROINATE VALUE ¥ CODROINATE WALLUE
THCOHERENWT ILLIMINAMCE INCOHERENT ILLUMINANCE
BAT JUN % Z0er FRI HI.IM[ W(’
DETELTOR 12, WEDT BLWFAE 1 = 4 BOEEHN
SIE OB U 1 106 | NﬂHH]ul)EI'BES FOELS SO SAOH, TORL TS = qneem | SEEIWMIHC \W DIDH!CILLDEFB?S FDEISNHBBH TIAL HITS = 327152
PEE TLLIHTANCE: IMWU.HBBMZ TR0 HACELE M- (FEE LEMWTHTIN O LLLUKIHICE! |, EERE LIRS 3 L4 T HOERELE SAE- B LD TN OH. M
TITAL CONFICURATION 1 DF § Wlﬁ. FINER i 5 PIFBA LINES CONFIGURATION 1 OF 3
LEQ. @Paa LE®. @B0@
I 5
= =
B =
g 95 . 0@A8 a 95, G000
: .
B B
=1 =1
B |F i
[ L LD, aopa
-E0D . d@Pa d.eaen 5P@.9p0d -E00 . dapd a.ogen =00, 2ped
¥ CODROINATE WALUE ¥ CODROINATE WALLUE
THNCOHERENT TLLUMINANCE THCOHERENT TLLUMTNANCE
SHTJLINZW Fﬁ TUN L B0ET
DETELTOR DUEACE | POH [ENTER,
I ——— SEEIEH.MU:HM.HDH!CILLDEES FDELSHN:CBBH TOALHTE:3ae |
2 [ WD) HOUE SAE- [P LHTICHIN-OH. M PEE. ILLUKINMCE! ZMBHELLN 3 [ FHl HEIELE S R LAT-CFTTHCHIIN-CHE.
CONFICURATION E OF 9 TOTAL FINER i 5. FoOfE: CONFIGURATION E DF 9
LBO. OPOE LE®. @B0@
B =
= 3
= =
g 95 d@pa a 95, @000
: ;
B B
=1 =1
‘ =] =
LB, a@peg LD, aopg
-E0R . d2pa 5Pa.2p0a -E0D . dapa EB0.0Ded

a. eaen
¥ CODROTHATE WALUE

a.e@en
¥ CODROIMATE WALUE

THCOHEREWT TLLUMINRHCE

ZIHCOHERENT ILLUMINANCE

SAL N, %,z
ETEETOR 12, WEDD CLBFFLE |3 POW CENTER, ¥ : d.BOEWIN

s]zEmnu)clmmnHmnEm FLELS S04 X S04, TITAL HITS = 31300

PERE, TLLIHINCE: 20105800 LIKBEA T 2 L ) KO

TUTH FNE! 4B LINEKS

SUNE O [ OMICTINOE. A
COMFICURATION & DF g

FRT TUN | GO07

UETECTCR 13, PO SUFREE | 4 RN

SEEIWMUI\WMHICILLDEFB?S FDELS SO W & S0 H, TITAL HITS = 3111437
1 ISR LB T U HOGHE S DO L OTOCHIN O, M

T e Lo CONFIGURATION 9 DF 9

B 320 ZkBGitmicdan R
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& L
) 'F}s S
12@ . a@n 12d, 0308
162, 0@@8 162, 0308
114, ed@a 144, 0d08
126 . 0@@8 1246 . 9E00
103 . ea@a 103. vAOB
=@ . adap 3@ . 0aan
72 odep T2.0@00
A E4 . ad@p EY. 0300
26, @dee 24, 0408
18 . a@@a 19. pEEA
d. edan a.esann
OETECTOR IMAGE: IWCOHERENT ILLUMINANCE OETECTOR IWAGE! INCOHERENT ILLLUMINANCE
HED HAT 5B 20@7 THU HAYT 51 207
DETECTOR 12, MSCE ELRFACE L! DETECTOR 12, NSCL ELRFACE t
3% }EEEH%EE sﬁasgguglrﬂ.ﬁuhéngﬁ PIKELS 56@ U X 56@ H, TOTAL HITS = 2@6lL5& g% I][EEHDFNEEK l' MEEEBEZ%h%nE}m PIXELZ 5@@ W X S8@ H, TOTAL HITS = 2229ZEZ
5.Z3T3EBBL LUNENS 5. S44JEBBL LUNENS
12@ . a@n 12d, 0308
162, 0008 162, 0908
144, a@@a 144 . @00
126 . 0@@8 1246 . 9E00
103 . ea@n 103 . pOoB
@, edap el B
72 odep T2.0@00
B &Y, @dae EY ., 0doR
26, @dee 24, 0408
13. a@@a 19. 2GR
. a@ER . BaoDn
OETECTOR TMAGE: THCOHERENT TLLUMTHANCE OETECTOR TMAGE ( THCOHERENT TLLUMTNANCE
HWED HAT 5B Zﬂl THU HAT 51
DETECTOR L2, MSCE ELRCA DETECTOR IB NECI: LRFAC
E% }EEH M X L%g'ﬁngamﬁuh%ngﬁ PIKELZ 56@ W X 6@ H, TOTAL HITE = 277lB2% E% %EEBH%EEK é%lggenggﬂ.ﬁuh%ngﬁ PIXELS 5@@ W X 58@ H, TOTAL HITS = 29BDE7Z
TOTAL FEINEK L ZHIEADBL LU i 4. 7e3IE+BRL LUNENS
12@ . a@n 12d, 0308
162, 0008 162, 0908
114, ed@a 144, 0d08
126 . 0@@8 1246 . 9E00
103 . ea@a 103. vAOB
=@ . adap 3@ . 0aan
72 odep T2.0@00
C E4 . ad@p EY. 0300
26, @dee 24, 0408
18 . a@@a 19. pEEA
d. edan a.esann
DETECTOR IMAGE: INCOHERENT ILLUMINANCE OETECTOR IMAGE: INCOHERENT ILLUMINANCE
HED HAT 58 200 THU HAYT 51 200
DETECTOR L2, MSDI: ELRFACE L DEI'E:T\:IE 12, NECI: SI.H:RCE L
3% }EEEH%EE Zmé?wggugsrﬂ.ﬁuhéngﬁ PIKELS 56@ U X S6@ H, TOTAL HITS = 3494793 PEK I][EEEHDFNEEK i WEEEEBEB’?U%“E}“E PIXELZ 5@@ W X S8@ H, TOTAL HITS = 3&GLELS
5.5317E1BBL LUNENS 5.Z4ZHE+BDL LUNENS

@B 3.30

AR AL
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-
=k

16@ . aaan 154 . 0A0R
162 . @GR 142 . @00
144 . @AGRn 144, AAR
126 . 930D 124, 0@@0
3 . onoe 103, e@@n
@ . paon =@, 0aen
2, 0a0D 72, 0a@0
A 4. oaee 54, 0a@
5, @E0D 24, 0808
2. @00 19 e@@R
. 0GR @, eaes
OETECTOR TMAGE: INCDHERENT TLLUMIMAWCE OETECTOR IMACE: INCOHERENT ILLUMIMANCE
Bt o sumnce Bt e -
PEFk IEEEH%E X 100,088 H MILLINETERS, PINELS 586 4 K S04 H, TOTAL HITS = 3415238 PEFK IEEUHMCEK 1b0n, 8¢ | WILLINETERS. PICELS 508 U X 580 H, TOTRL HITS = 3543229
Y&4GE+PBL LUMENS + E.6&9ZE4DDL LUNENS
12@ . 930D 12@ . 0@aD
162 . 030D 162, 000
144 . 30D 144, e@@D
1260000 | | - 126, 0@@0
N 103, a@@n
. eEER <@, 0aes
72, 0A0 2, 00D
B 54.0a00 | 54, 0aes
24, PARE 26, 0aRB
15, aEER 19 e@@R
8. 0608 @ . eden
OETECTOR TMAGE: INCDHERENT TLLUMIHAWCE || DETECTOR IMACE: INCOHERENT ILLUMIMANMCE
WED NAY 52007 | | v nar o zeer
DETECTOR L2, NSCE SLRFACE L@ i DETECTOR |2, WECE SURFACE L:
s %EEEH%E L G P CTNETERS . PIRELSSHO ' Sid . TR HIFS = {356 g% %EEEHE@NEEK PR ue o MINLINCTER PIKELS 560 ot S H. PR HIFS = Wadsoi
TOTFL FOHER (FETETBBL LUHENS DTFALPONER: i P.ZERIE1BRL LUHENS
16@ . aaan i 154 . 0A0R
162 . @GR 142 . @00
144 . @AGRn 144, AAR
126 . 930D 124, 0@@0
N 103, @
. 0@on =@, 0aen
. 0@DD 72, 0a@0
C . 0@DD 54, 0a@
. eEER 24, 0808
19, @EER 19 e@@R
. 0GR @, eaes
OETECTOR TMAGE: INCDHERENT TLLUMIMAWCE OETECTOR IMACE: INCOHERENT ILLUMIMANCE
g%%as?z Mscl: BlERRCE L E%ﬂmsm NSCI: SLREACE L
| TNETERS, PISELS 8@ H ¥ 5@ H, TOTAL HITS = YSH3SY9 H MILLINETERS, PIKELS 588 W X S8@ H, TOTAL HITS = Y72blBL

H MIL|
PEFk ILLUHIN‘NCE 2 ‘1571]E+BDE LUNENSH™2"
+ 7,Z337E+BBL LUNENS

PEFK ILLUHDFNCE '| 0‘152E<DBS LUREHS H"2"
: 7.S619E4BDL LUNENS

Bl 3.31 & i it

w0 i PR R Bl R
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B

i
s
-
=k

LBO. OPOE LB8. Praa
B S
= 3
= =
g 95 d@pa g 95, G000
B i
=1 2
A |F &
LB, a@peg L0, agaa
-E0R . d2pa d.eaen 5Pa.2p0a -508 . a0pa @ . easn ERO. @PEE
H CODROTHATE WALUE ¥ CODROTINATE YALUE
TNCOHERENT TLLUMINRNCE THCOHERENT ILLUMINANCE
FREL JUN | Z0ar FEL JUN L Zoey
DETELTOR 12, WEDD SUPFACE 1@ POW CENTER, T : d.BOSREWIN QETECTCR 13, KDDL DFAE
S]IELHHU)CIHNHHICILL]IEBG POELS SOON K SAOH, TORL MTS = fiemaf | S]IELH“IH(\HHHHH]LLDEI’BE PDELSBENJ(HNTIITRMUS 3
PER, TLLIHIMACE: I!I.SIENELI.NB(SMZ D MO SALAE- [ LML M PER TLLUKTHRWCE: SI!ZIEMU.IIBBMI I Pl KPEEAE M- (PR LM
TITAL B CONFICURATION 1 OF 3 TOTAL FINI CONFTICURATION 1 DF 8
LEQ. @Paa LEQ. @00a@
I g
= x
B g
g 95, d@pa g 95. @0Pa
: :
B 3
=1 2
B |F ;
[ L L0, agaa
-E0D . d@Pa d.eaen 5P@.9p0d -588 . a0pa a . eaen ERO. OPOA
¥ CODROINATE WALUE ¥ CODROINATE YALUE
THNCOHERENT TLLUMINANCE IHCOHERENT ILLUMINANCE
FEL JUH | W FRI JUN L W
DETELTOR Tz dBEEHE T = 4B
S]IELHHU)CIHNHHICILL]IEBG mwwuxmu_mm:!mi S]IELH“IH(\HHHHH]LLDEI’BE MBHHXHN_WM=|SISR|7
PER ILLIATNANCE: . YEVE0S LINBRHT 2 14 ) HOEELE SR [FEE LHNTIHCRION-CH. M P TLLUKIHACE: 'leU.IIBBMI 2 L3 Pl KOEEAE SLEE- (P LTINS OH
TITFL FINE 1 TIEBH LIKEHS CONFICURATION E OF 9 TITAL FINER L B LINERS CONFTCURATION E DF 9
LBO. OPOE LB8. Praa
B S
= 3
= =
g 95 d@pa g 95, G000
B i
=1 2
‘ =] a
LB, a@peg L0, agaa
-E0R . d2pa d.eaen 5Pa.2p0a -508 . a0pa @ . easn ERO. @PEE
H CODROTHATE WALUE ¥ CODROTINATE YALUE
TNCOHERENT TLLUMINRNCE THCOHERENT ILLUMINANCE
FEL JUN_L

FEL TN | 2y
ETELTOR 12, WEDD CLBFFLE I3 PO CENTER, ¥ : 4. BOEWIN
ST o e U 0 B L FLELS S04 X S04, TITAL HITS = V380

TES, |
PERE, TLLIHINCE: TR LINBEA T 2 P D HOEELE S

TUTH FNE! T, JEB LINEKS

T LRI R H
COMFICURATION & DF g

g
ETETCR 13, KEDC SUBFAEE |1 POH CENTER,

P IS |
i TR WMMU.IIBBMI 208 A OGS O LTSN
CONFTIZURATION & DF 9

Bl 332 izt micfm RBAE "R
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1041 TR ERR

A 5L GPC-3030D
Parallel 30V 6A
Series 60V 3A

CONSTANT VOLTAGE OPERATION

Line regulation

=0.01%+3mV

Load regulation

=0.01%+3mV(rating current=3A)

= 0.02%+3mV(rating current = 10A)

Ripple & Noise

=ImVrms 5SHz~1MHz

Recovery Time

<100 S

CONSTANT CURRENT OPERATION

Line regulation =0.2%+3mA
Load regulation =0.2%+3mA
Ripple Current =3mArms
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3 42 Hip R

A8 18 Nikon D50
iy 610 i
R 23.7x15.6mm RGB CCD
EER AF-S DX Zoom-Nikkor 12-24mm {/4G IF-ED
e THEPMZ 11 FEK
Pip & R 99°-61°
B | f/stop 22

* 43 Bk Rt

- e ILLUMINANCE METER T-10
=R BT
gL A ¢ 25mm
iR £ 4 [F] 0.01 ~ 299900 lux
FE R £ B E+2% *1digit
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An illumination design with zoom function is invented. This design
comprises a light source, an inner reflector and an outer reflector placed
on an optical axis, and the inner reflector and the outer reflector contain
reflecting surfaces with special shape. Through the relative movement of
the light source, the inner reflector and the outer reflector along the
optical axis, this design can either disperse light and then bring large
range and complete illumination, or collect light and become powerful
beam, or has illumination in between. This invention provides great
illumination with the capability of adjusting the size of the
illumination region, and achieves the purpose with small dimension to

save cost and raise practicability.
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