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Eigen-coefficients of the lens are known as representation of its shape. The distribution
of the eigen-coefficients for a single thin lens is well known. We found that the distribution
for a single thick lens is complex. The complex situation depends on thickness of the lens
and which surface to be aspheric. We present the example for a zoom lens designed with

the distribution of the eigen-coefficients for a single thick lens.
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Table 1 Condition of a single lens.

Refr?;éig)i " Thickness, d
Convex lens 1.583 0, 0.1-0.3
Concave lens 1. 805 0, —0.01to —0.03
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Fig. 1 Single thin lens.
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Fig. 2 Distribution of the eigen-coefficients for a single convex thick lens of 4=0.2.
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Fig. 8 Distribution of the eigen-coefficients

12, 3 Io,IIh QEZEIT 2OV Y IFIRIELE
THLLEERT S, T ERmAEAT 3 LEFTEH
DIEWOFBLL Y XDREDRELENL->TVE. K
1 Q ORI TCIREEMBICERESA MICBY TIEFRE
SHERMBEALELL, FRIFREEATDORENICE T
SEAEFORMEIIREN 3.

Fig. 5 i, BEKARAEAZZEL IEE&ORRERT.
3.3 HEHLUEHEOTE

PLo & BHEERER DN 4 — v OHER,

(A) HEZEAROBRERDOELMBDOEL

(d=0.1, 0.2, 0.3: convex lens).

(B) JEBKHEFREZE (LIS DEFEEMFRDEAL
PEETH 5. A|ETIE, FCIERE ORI BE S
3 (B)IT2W\WTEET S,

Y, BAERKOLESEEEZ(2), (3)RTRT.
%, REROFEEMBROKETFR, (2), (3)RKickL

TIERER ¢:=0 LLBAELTERSN A,
To= (I + 1)+ h3(I5 + b2)
ITo=Ry(Igi+ 1)+ II5E

+ h3ha(Igs+ o)+ hRIIGE

I RERE  mEERE L

(2)

(3)
238,



Eigen-coefficient (lo)

1234567891011 12
SONNWNANN L AfL a7
777777 T T TTR
600 { 600 1
X S B= 32— Q G a5 Q ]
:\\\ Q‘// g - N
300 % 300 - \ J
Sph. ] . Sph. ]
I 1 : ] X 2, / > '\ ]
0 —2 //////“\\\_,419\\\\\ | o} : R H
&\é) R\ =y
1 ] . B=32 e T 7
-250 ' , 7 ‘B_‘éz | es0p ’ 1 /
-20 20 -20 20

Fig. 4

Fig. 5 Distribution of the eigen-coefficients

EREFREOFELGE (g - m)

519 (55)
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Distribution of the eigen-coefficients for a single concave thick lens of d=—0.02.
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(d=—0.01, —0.02, —0.03: concave lens).

Table 2 Aspherical effect for a single lens.

I« BRERE ¢ WEHRE
hi: 58 i TELTEE BN Thin 1 Thick lens
hi: 8 i EEGEEBEE woen r1: Aspheric | 72: Aspheric
¢:: SIRIFBRE & = (n' —n)k8B; I ¢ o B
Table 212 (2), (3)RLVRHOLNIZBERBELUE I 0 R h3hade

WRICKT 5, BERE L, I T3 2IFRERIRD
BOATRYT. FERIFRER ¢ 1odT 2EREHFER
2FET. BRRTE, AR 2 1, ELEE
BhROTHY, FHRER ¢ 3 LI L BEL

AN

2% D, L icdd2EREEERIIIEREE ¢ £
DbDTHY, I T TRIEREAEDIENEND
cEThB. koT, Fig. 1 TRLUI LS I, REZROD



520 (56)

FHESIEREE BAT S Lic kD o #AIC ¢
POEABETIC s, T/, FEREOBARD
ERIT X BB,

ERZTIE, JEREAE 1HCBAL 258 L
CHTEIEEER 0 Z0bDT, BROBESLRKT
H5. UL, FE2HBEABCIREOEECLDE2
THOOAHEEEE k2 © 4 THEEST S, (4)RC, h &
WE d L DBEFEETRT.

he=(n—dd1)ln (4)
é1: B 1HEOEEH T

I wBEL TR, B 1IECERERZBAL HICi3E
1 RS A A5, 8 2 EEARICIIE 2 WoRHE
B he D 3T EFGEME fe OBMIERAEIRELT
EETBEDTH 5.

U7c - THRIEIT & 2 E AR E BMED O DsTERR T
FERBOE L >TEN, HIREERNRETIRIER
HHMROREIENEN S, URCLOVEL Y XORE
232 OESERICIEL TEVES, Z0EERROELE
HFRY, BRICHRZONH/F -V BREELDD
DEB.

4. ERBEFEREZHOERRER

4.1 1% =

DIED & 51T S 2T » 72 B N EH SR O TE S
VT, SRINEFERIC L » THREIN B
R AERT B, AFETE, 3KV YR THERSR
53V MAATHADA -V YREFELTED S
35, 5B, BRERED7 v—% Fig. 6 [TRT

Determination of the
distribution of power
and selection of glass
¥
Setting up the targets

of the total abberation
coefficients

Y
Calculation of
the eigen-coefficients

I
Determination of
the initial configuration
for each group

Distribution o
the eigen-
coefficients

Confirmation of
total abberation
coefficients

Initial Data :

Fig. 6 Flowchart.

N H23AEHB S (199448 A)

4.2 EENT—EE, BFOER
AERFIOHRET £35~70mm, F4.5~8.50 Df
FESBIHMROX -2 L vy X LT3, Hlley —
BOWER, &F/ 07—, FhHRE, EREOEHE R
EITHCETHB. HBRED S REMICELDOE HE
13Thby, FlIZI3CofiTid, F1HOESERE X
PGSR 2 BHER, F2BERLAEH L. YLD
a2 —2E0C, 2RO 1RO B L UEER
BINERBEEFHMEL, BHFEERNICASHTORS
SbhEERDI.

4.3 ZREREERHEOEH

RICEZRO BENERREOMRE 52T, FRHCER
IN2BEEREEAENRT 2 (Fig. 7T 38). EHEL
TERBOBEERED I, I #8s3. Licdi-T, T
GFRF6MELEIID, 2ROEBIEREEL 6HS525C
EC K EEREEERET 5 B HER &1 5212,
Zz0HBENDOE L L TEHOBEREEIEONS. 13
B, BHETTIL 3 IROINEMBIC BN TIEZ OfTFIESR
BT RTERICID, FIAERICBO TR EEHBEER
¥ I1Io, Po, Vo, I§ ICDOWTHEHELTHRI 12D, &
BEFELTMATH B, D FITIREEFRE L, IL
EEHEL, BEARIEREZ AR B X U ERkE
(LA b DS O REINERE 1 = v IERK
IL JEASUNEERY 11T 23EL T,

4.4 EBHWERRKRE

YEDXdic, BELERNEREEESAT, SFHICE
RENZEFREEAEHL 2%, RECLICEERE
EEHTIREREST 5. BROMALEDEE Fig.
8 IRT. WE, FFRREBAEDENIC X D& X RS
EE 5. HicE 2, 3BCBLTIE, RE, EFmEA
HEED B ERRB—DBEEIN S DITHL, 1B
DT, WE —0.03 DB/ ZOOFRBEKD S
h3. ZOZOORIEL, HRT 2 85 O+ #F
2.

Fig. 9 1, JERREAH 1 EICEAL D, F 18
DOEFRBOEAERHEEZRL TV, KPOOHIZ,

Targets of the  characteristic  Ei9eN-
total abberation oatrix coefficients  Constant
coefficients matrix matrix
Iw ayr L. Toi
IIw apy ot
Mw | _ Toz
Al : o2 te
AL o3

Al o3

Fig. 7 Calculation of the eigen-coefficients.
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Fig. 9 Distribution of the eigen-coefficients for first group (r1: aspheric).
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Fig. 10 Shapes of lenses.
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