89 zoom lens

(PZOOM; paraxial zoom)

89-1
zoom lens lens lens
option
x k' T K k'
lens (+ - +)
(ref.3 81.7)
70 210 [KINO721.CRD] data
option
KINO721.CRD  LENS.CRD copy | LCARD_Tab-2| [GNPZCR |

lens

lens

lens + =)

(_

70 280
TEST_DATA

screen

Zoom

PAOOM.CRED and scaling data is zenerated
[f wou want to see, use OUTPUT-opt ion
Pleaze push enter kev to proceed

| OUTPUT |- pPL3|

4 27
1 b 125.59999
B 10 -63.8983
11 13 -82.8897
14 27 43,8504
27
data SCALING.DAT
Kk k' T PZOOM.CRD data
EEINO?%l.CRD]
443
0104
¢ each group data
125.9999 0.0371 -0.0367 0.1143
-63.8983 -0.1206 -0.0133  -0.1518
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-82.8897 -0.0126 0.0304 -0.0700
43.9554  -0.1558 -1.4346 1.7054
C position data
72.0000 3.5 0.35
2.0410 28.6240 24.3890
0.0000 0.0000 0.0000 0.0000
130.0000 3.5 0.35
31.4850 7.2957  16.2733
0.0000 0.0000 0.0000 0.0000
203.0700 3.5 0.35
47.5653 5.9926 1.4961
0.0000 0.0000 0.0000 0.0000
data PZOOM_Tab-2 | | EDTPCR |
PZOOM  option couple
MINUTE edit box 0104
main menu 4-page DLCTGN
2FB 3FB 2LTRK 3LTRK 1SQSP
comment 1ILTRK 240.0 positionD(2) 8.0 2
position  f 160.0 280.0 couple
DCTCHG ID position 111
ICPL DLS
< 19-1-A>

¢ from here DLS-controll data

20

c variable parameter selection is executed by
c following IR, ID,IK,IKD,IT,ICPL-line

c (1->variable,0->non-variable)
c

¢ IR-line : each group power

1111

¢ ID-line : each group space : 1~3 column for 1-st zoom position
111111111

¢ IK-line : kappa of each group

0000

c IKD-line : kappa" of each group

0000

¢ IT-line : tau of each group

0000

¢ ICLS-line : space sum of coupled group

1

c ZKB SDAMP PCOF3 CORLMT

c
¢ parameter weight for power,space,kappa etc.
c  PPWGTR PPWGTD PPWGTK PPWGTT PPWGTL

o o0

parameter increment for power,space,kappa etc.
DRINC DDINC DKINC DTINC DLINC

O

aberration 1ine=TARGET(1~10),WEIGHT(11~20),P1TCH(21~30)
ISLT(31-32), IPOSI(33-34) ,K1(35-36) ,K2(37-38)
(+,-)(39) , IPOSI2(40-41) ,K1(42-43) ,K2(44-45)

OO0 000000

Fb drift controll
((FB Z2 )-(FB Z1)) T=0.0 W:
W

10.0
((FB 23 )-(FB Z1)) T=0.0 W=10.0

If ISLT=02, give lower(1~10-column) and upper(11~20) same as real lens design

; (2FB -1FB )
; (3FB -1FB )
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EFL controll

(F z1) T=  72.0000 W=10.0 : (OF )
(F Z2) T= 160.0000 W=10.0 : (oF )
(F z3) T= 280.0000 W=10.0 ; (3F )
C
c Fb controll
38.5 < (FB Z1 ) < 1000. ; (1FB )
38.5 < (FB 22 ) < 1000. ; (2FB )
38.5 < (FB Z3 ) < 1000. ; (3FB )
C
¢ LTRK(lens track) controll
0.0 < (LTRK Z1 ) < 240.0000 ; (LLTRK )
C 0.0 < (LTRK Z2 ) < 199.9346
C 0.0 < (LTRK Z3 ) < 199.9496
C
c D(i) controll
C
1.0 < (D Z1 61) < 1000. ; (1D(D) )
1.0 < (D Z2 G1) < 1000. ; (0D )
1.0 < (D 23 61) < 1000. ; (30(D) )
C
1.0 < (D Z1 62) < 1000. ; (10(2) )
8.0 < (D Z2 G2) < 1000. ; (20(2) )
1.0 < (D 23 62) < 1000. ENe)) )
C
1.0 < (D Z1 63) < 1000. ; (10(3) )
1.0 < (D Z2 63) < 1000. ; (20(3) )
1.0 < (D 23 63) < 1000. HENO) )
C
(IOP 61 ) T=  7.9365 ; (ldpl )
(OIOP G2 ) T= -15.6499 ; (1dp2 )
(OIOP 63 ) T= -12.0642 : (1dp3 )
(DIOP G4 ) T= 22.7503 ; (ldp4 )
C
C (SQRS) T=  971.030
C
XQT screen
initial phaiz 59133.7259
iter.no.= 1 phai=z  2430.0599
iter.no.= 2 phais 20,9815
iter.no.= 3 phai- 6. 9680
iter.no.= 4 phai= 6.8h36
iter.no.= b phai= 6.84289
iter.no.= B phai= G.8485
iter.no.= 7 phais G.8482
iter.no.= 8 phais 6.8487
iter.no.= 9 phai= 6.5480
iter.no.= 10 phai= 6.5480
iter.no.= 11 phai= 6.5480
iter.no.= 12 phai= 6.5480
iter.no.= 13 phai= 6.5480
iter.no.= 14 phai= 6.5480
iter.no.= 15 phai= 6.5480
iter.no.= 16 phai= 6.5480
iter.no.= 17 phai= 6.8480
iter.no.= 18 phai= 6.8480
iter.no.= 19 phai= f.8480
iter.no.= 20 phai= f.8480

Do wou cont inue optimization 7 (Y/N)

247




1-page DPL
FC1)= 126.896 F( 2)=  -56.778 F(3)= -72.503 F(4)=  43.5660

5 F Fh LTRK. D(1) Di2) D(3) D(
4) {2,007 57219 220.000 1.000  34.831  24.389
4) 130000 57.213  220.000  30.944 8.126  21.210
4) 209.976  57.261 220,042 58.280 1.000 1.000

1-page screen

file SCALING.DAT is renewed
[t wou want to see, use OUTPUT-option
Flease push enter kev to proceed
OUTPUT SCALING.DAT
27 3

hoo125.9993 126,835
10 -63.8983 -B6. 7783
1 13 -82.8897 -72.092%
1 27 43,9554 43,5606

L0000 34,8909 24,3830
30,9435 8. 1264 21,2099
be. 2793 1.0000  1.0000

— T — s

f position data
LENS.CRD LCARD_Tab-2
Iz Ie F-old F-rew coefficient
( 1- ) 125,993 130.9023 1.0389
( 6-10) -63.8983 -h. 1397 0.5756
(11-13) 82,8897 -88. 4641 1.0673
( 14- 27) 43,9504 45,8161 1.0423
kpos DC 1) DC 2) DC 3) 0l
1 1.0000 32,5000 24,3830
i 30,3505 hof2hio 21.8128
3 0h. 8340 1.0000 1.0000
data zoom
85-14-9
8§9-2 data
LENS.CRD lens data LCARD_Tab-2 | | GNPZCR
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PZOOM.CRD data data
PZOOM | main menu  4-page
PZOOM

T

Direct option name input |DDL,I|:1|E Cilick iz OLE. |

RET exit PZO0M and return to main TOLES program

:

QOUTPUT treat already computed data

appreciation ]u:-:-ntru:-ll data ] data ] optimization ]

DPL compute present data and aberration

| PZO0M_Tab—1

digplay Cam figure

dizplay Lens figure

—

finite data analvsiz

=

s

T compute Minimum Total track

INPCHT | print parameter name, location and explanation

SCLDAT | renew scaling data when data iz prepared by GHPZGR at LCARD-option

4.

appreciation contrall data ldata | optimization |

MIMUTE | modify card image data in detail using dialog box

FZ200M_Tab-2

ECTPZR | edit and read-in card image datatPZ00MCGRDN

chanee core—imaege datafdata locating in

b

convert core image data to card imea data

ADDLEF | add one zoom position after | —th zoom position

il

DELIEF | add one zoom position after | -th zoom position
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appreciation ] controll data  data | optimization ]

coupled eroup set PZ00OM_Tab-3 ‘

=] adjuzt back focus at all pozition

1

BFFCS | adjust back focus at certain position to certain value

"

zcaling
I initial decizion
decigion by zolving eguation

F rough MD-focus set

L

EXPORT_RDM | export present card image data to somewher(PZ00MCRD is renewed and copied)

appreciation ] controll data ] data  optimization

HOT execute optimization by DLS.
PZ00M_Tab-4

P OCTCGHG | change DLS contoll parameter by dialoe disposal

F_5YMABI | add controll aberration with symbolic method by

{1

EDTDCT chanee DLS contoll parameter and aberration by zcreen editer

DPLABR. compute and dizplay abetration selected data

DLCTGEM attach DLS—caontrall data

il

ITL print initial aberration data

FF&E print present aberration

ip

Tab-2 MINUTE data Tab
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PZ0O0OM ——> MINUTE : chanee basic card image data{PZ00M.CRD)

F BT Gancel

........................................

bazic data ]finite diztance data ] group and position data ]

MEME - name of this lens svstem with arbitrary format

([KING721.GRO]

|4_ IRIS : group number which contain iris

WIRIS : entrance pupil distance measured from the top of the iris contained eroup

[ KDREP12: flag to input kappa, kappa'tau with real valueihot devided by F2

l_ IMFIFT : frant space number to adjust for infinite to coincide back focus. used for cam figure

l_ IMFIFZ: rear space number of above

P_MIMUTE_Tab-1

21.630 AIMS : image hight of thiz svstem

MAFGL : gpace number where axial ray become parallel to optical axiz

IGPL : gpecify coupled eroupt if Is and Ie eroup is coupled, eive with format SETD
||:|'| 04

1 + 2

IGRP : specify power controlled eroupt input format is same as above)

1 2
NAME : data 0K 1-
column C 2-column comment
IRIS } VIRIS
VIRIS
KDRP12 : [PGR] x k' T
flag (1 )
mm (direct

principle point 1 and 2)

INFIF1 :}_ back
INFIF2 (inner focus for infinite object)([LCT-4]
)

AIMS : EFL[PPS-1:11~20]
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NAFCL

ICPL > (ICPLS ICPLE) couple
(FORMAT(5(212)) couple
0104 focus
master
IGRP > (IGRPS IGRPE)power
0102 focus variator
2-page

basic data finite distance data | eroup and position data |

IMFYi5E1 : front space number to adjust for finite object
IMF%52 © rear space number of above

P_MIMUTE Tab-2

2000.000 YETTLE @ minimum total track of finite

2000 YETCOF © coefficient mutiplied to above

INFYG1 :}_ : focusing space focusing

INFYF2 K- K-1 K (inner
focus for yuugen object(lens INF1 INF2 )

YGTTLK :}_ : total

YGCOF track(
YGCOF YGTTLK=2000
YGCOF=2.0 2000 4000

3-page zoom position data
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bazic data ] finite diztance data  €roup and pozition data

’1_ IGR | changed eraup rumber B MINUTE Tabd

F : focal leneth of thiz eroup
f: kappa : 1-2t principal point devided by F
K': kappa prime : 2-nd principle poirt devided by F
T:tau: lens width dewided by F
F K K T
| 1260000 | 003t | -0.0347 | 01143

’1_ KPOS | changed position number

0BJD : objective diztance blank--> infinity!  EFL : focal leneth of this pozition

FMO : F-rumber of this positian LTWL : relative light value of biggest off axis image
oBJD EFL FMO LIvL
| 7m0 |38 E
Diif : zoom space after i-th eroup
Dty D D3 D D5 Difs D7 DB
| 20410 | 286240 | 2473800 | | | | |

BETAG : lateral magnification of i-th group
BETA() BETA) BETA BETA{) BETAH) BETAR: BETALD BETAE)

| (.0000 | 0000 | 0.0000 | 0000 | | |
IGR data F « ' 1
KPOS  data position
0BJD
EFL : position
FNO : F-number
LIVL
89-3 data
data main menu DPL data
< 9-3-A
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F( D)=

pos.
)
(M
)

pos.
(D
(2
)

126.000 F( 2)=

F
72.000
130.004
203.102

behta(1)
0.000
0.000
0.000

[KINO721.CRD]

iris is located at

INFYG1= 0  INFYG2

Fb LTRK
40.008  199.928

-63.898 F( 3)= -82.890 F( 4)=

D(1) D(2)

43.955

D(3) o(

2.041 28.624 24.389
40.015 199.935 31.485 7.296 16.273
40.030  199.950 47.565 5.993 1.496

behta(2) behta(3) behta(4) behta(

0.000 0.000
0.000 0.000
0.000 0.000

0.000
0.000
0.000

0.00-mm inside from the front of 4-th group

data of power and lens group coefficients

|
1
2
3
4

e YaYaYa)
N N/ N\ N

F(D
125.9999
-63.8983
-82.8897

43.9554

data of each position

posi
(H
(2
)

posi
(@)
(2
(3

posi
(H
(2
)

posi
(H
(2
(3

posi
(H
(2
)

0BJD
-0.1000D+23
-0.1000D+23
-0.1000D+23

D(1)

2.041 0
31.485 29
47.565 45

BEHTA(L)
0.000000
0.000000
0.000000

FNO(1)
6.1250
3.3922 1

=0 ; INFIF1= 0 INFIF2= 0
K K® HO)

0.0371 -0.0367 0.1143 29.
-0.1206 -0.0133 -0.1518 19.
-0.0126 0.0304 -0.0700 15.
-0.1558 -1.4346 1.7054 16.

: TPR --> tele photo ratio
FNO AL SDL EFL

3.5000 72.0004
3.5000 130.0045
3.5000 203.1015

dif D)  dif
.000  28.624  0.000
444 7.296 -21.328
524 5.993 -22.631

BEHTA(2)  BEHTA(3)
-1.338737  0.317403
-3.494332  0.219540

-28.966096  0.041365

40.0082  72.0004
40.0153 130.0045
40.0303 203.1015

D@3)  dif
24.389  0.000
16.273 -8.116
1.496 -22.893

MAXH
0145
4264
7556
0431

VIG. ENTP
0.3500 68.0057
0.3500 121.5191
0.3500 155.0460

o(

BEHTA(4)  BEHTA(

-1.344800
-1.344960
-1.345302

FNO(2)  FNO(3)  FNO(4)  FNO(
8.1997  2.6026  3.5000

1.8534 2.6023 3.5

2.1713  62.8948 2.6016 3.5

TANCO)  TAN(L)  TAN(2)  TAN
-0.3004 -0.4514 -0.2552 -0.1
-0.1664 -0.3207 -0.2363 -0.1
-0.1065 -0.2336 -0.2019 -0.1

data of coupled group distance

(-4

55.0540

data of distance from image point and cam

posi
(D
(2
(3

[KINO72

1-cam d.cam 2-cam d.cam

199.93 0
199.93 -0
199.95 -0

1.CRD]

.00 183.48 0.00 1.
.01 154.05 29.44 1
.02 137.98 45.50 1

000
000

(©) TAN(4) TAN(
926  -0.2227
926  -0.2226
926  -0.2226

3-cam d.cam 4-cam
45.16 0.00 114.97
37.05 8.11 114.98
22.29 22.87 114.99

d.cam

0.00
-0.01
-0.02

TPR
2.7768
1.5379
0.9845
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(K1= 1) (DF (2) FB (3) LTRK (4) LWID (5) FILH ( 6) PS (7) ENTP  ( 8) EXTP
(€D) 72.0004 40.0082 199.9276 159.9194 24.0300 0.2140 68.0057 -57.1333
@) 130.0045 40.0153 199.9346 159.9194 26.7184 0.3865 121.5191 -57.1333
A3) 203.1015 40.0303 199.9496 159.9194 26.6672 0.6038 155.0460 -57.1333
(K1= 2) (1) BT-1 (2)BT-2 (3)BT-3 (4)BT-4 (
(€Y) 0.0000 -1.3387 0.3174 -1.3448
(@) 0.0000 -3.4943 0.2195 -1.3450
@A) 0.0000 -28.9661 0.0414 -1.3453
(K1= 3) (1) PCML  (2) PCM2  ( 3) PCM3  (
(€D) -0.1444 1.6267 -1.8079
@) -0.9775 1.7222 -1.8084
A3) -2.5950 1.8073 -1.8093
(K1= 4) (DDA (DR (HDE) (
(€Y) 2.0410 28.6240 24.3890
(@) 31.4850 7.2957 16.2733
@A) 47.5653 5.9926 1.4961
(K1= 5) (DFL (HFP (DHFBR (HDFBH (
(€D) 125.9999 -63.8983 -82.8897 43.9554
(K1= 6) (1) FNO1  ( 2) FNO2 ( 3) FNO3  ( 4) FNO4 (
(€Y) 2.1713 8.1997 2.6016 3.5000
(K1=11) (1) ScMi  (2) SCM2  ( 3) SCM3  ( 4) SCM4  (
(€D) 199.9276 183.4848 145.1610 114.9698
@) 199.9346 154.0478 137.0524 114.9768
A3) 199.9496 137.9825 122.2902 114.9918
(K1=12) (1) VvemMr  (2) VM2 (3) VM3  ( 4) veMd  (
(€Y) 0.0000 0.0000 0.0000 0.0000
(@) -0.0070 29.4370 8.1087 -0.0070
@A) -0.0220 45.5023 22.8709 -0.0220
(K1=21) (1) FoC1 (2) DFB1 ( 3) FOC2 ( 4) DFB2 ( 5) FCMT ( 6) BETA (
(€D) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
@) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
A3) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
(K1=22) (Ddpl  (2)dp2  (3)dp3 (4 dpa (
(€Y) 7.9365 -15.6499 -12.0642 22.7503
(K1=23) (1) SesP (
(1)  971.0298
coupled group
cam DLS
cam d.cam data
Fb compensator
back MINUTE INFIF1=2 INFIF2=3 DPL
position Fb position Fb d.cam
focusing INFYG1=0 INFYG2=1 DPL
data DLS
cam [:] cam back
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LHCM: NEar cam no.

i
INFIF1. INFIF2; back focus adiust space no.

KFECPR: flag to compare back focus (MD-focus onlw)

LHCM(1,2), INFIF1(3,4), INFIF2(5,6), KFBCPR(7,8)

red dofted Ifine is mafwal FQrwve

[HNY2T CHF

cam

NN
Ul
A 4

F FB
72.0003 40.0082  2.0410 28.6240 24.3890
74.0256  40.0082  3.6097 27.2043  24.2400
76.1335 40.0082  5.1786 25.8049  24.0705
6
8

b(C 1) 0( 2) D( 3)

78.3286  40.0082 L7475 24.4274  23.8791
80.6158  40.0082 .3164 23.0734  23.6641
83.0002  40.0082 9.8855 21.7446  23.4239
85.4878 40.0082 11.4546  20.4429  23.1565
88.0846 40.0082 13.0238 19.1701 22.8601
90.7974 40.0082 14.5931 17.9285 22.5324
93.6338 40.0082 16.1624 16.7202 22.1713

96.6018 40.0082 17.7319 15.5478 21.7743
99.7104 40.0082 19.3014 14.4139  21.3387
102.9697 40.0082 20.8710 13.3213 20.8617
106.3908 40.0082 22.4406 12.2732  20.3402
109.9862 40.0082 24.0103 11.2729 19.7707
113.7700 40.0082 25.5801 10.3242  19.1497
117.7581 40.0082  27.1500 9.4310 18.4730
121.9688 40.0082  28.7200 8.5978  17.7363
126.4227 40.0082  30.2900 7.8295 16.9345
131.1441 40.0082 31.8601 7.1316 16.0623

136.1609  40.0082  33.4303 6.5103  15.1134

D(
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( 22) 141.5059 40.0082  35.0005 5.9724  14.0810
( 23) 147.2181 40.0082 36.5709 5.5260 12.9571
( 24) 153.3436 40.0082 38.1413 5.1802 11.7326
( 25) 159.9386 40.0082 39.7118 4.9455  10.3968
( 26) 167.0711 40.0082  41.2823 4.8344 8.9373
(27) 174.8252 40.0082  42.8529 4.8620 7.3391
( 28) 183.3065 40.0082 44.4236 5.0463 5.5840
(29) 192.6490 40.0082  45.9944 5.4097 3.6498
( 30) 203.0270 40.0082  47.5653 5.9804 1.5083

data

(wait a moment)

IMGFT: flaz to draw image point of each zroup
[#5HF: ¥-axis origin G40-->ore frame shift

IMGPT(1,2-column), IXSHF (3-6:with 14)

259
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89-1 < 19-3-A> DLS
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P DETGHG : change DLS used controll parameter

.....

damping etc. l parameter controll |

20 KEND : executed iteration number
[ EEDAMP : flag to use SDAMP az damping factor without searching bezt damp

IR : flag to treat power a=z variable or not

1111
U, J— F_DCTCHGE Tab-1
ID : flag to treat zoom space az wariable or not
|'I 1111111
t il + @ + 3 + '

IK : flag to treat Kikappal as variable or not

|EIEIEIEI

IZPLCH : flag to treat coupled space sum specified by IZPL ag variable or not

|‘I
S——

KEND - lens
KKDAMP

IR : power column
power
ID : (LS-1)
position 1 3-column -
position(wide ) 4 6-column -position(Normal ) 7
9-column -position(tele )
LS total
IK : column Kk k' T
1K lens type
IT
ICPLCH - ICPL coupled group
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page
P DCTGHG : change DLS used controll parameter

damping etc, parameter controll
1.0000 ZKB: representative value of pitch when aberration iz controlled by equality
1.0000 SDAMP . start damping factor when best dampine iz serached

2.0000 PCOF3=43 : factor uzed in searching best dampl-st SDAMP, 2-nd SDAMP*AZ 3-rd SDAMPAA3 etc.

03500 CORLMT : cor-relation limit. Do not treat by equality when cor-relation iz bigger than this value.

1.0000 FPWGTR : parameter weight for eroup power

1.0000 PPWETD : parameter weight for zoom space
1.0000 PPWMGTE : parameter weight for Kkappal

1.0000 PPWGETT : parameter weight for Tftau)

1.0000 PPWGETL : parameter weight for coupled space

.00 DRING : parameter increment for power
o100 DDIMNG : parameter increment for zoom space

0,000 DKING : parameter increment for Kkappal
0.0001 DTING : parameter increment for Titau)

00100 DLIMG : parameter increment for coupled space

P DGTCHG Tab-2

<l ey
Insert key
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P SYMABI

OF Cancel |

1 } 2 t 3 t 4
explanation l example-1 | example-2

cn
(=]
e |
oo

| Explanation how to execute aberration input by =vmbolic method

Bberration iz contralled through 3-clazs P S ELUE)

1-zt class : square minimum type, in this caze tareet and weight iz neceszary

| {F 21 ), tareet=000, weight=10

2-nd clazs : equality type. weight and pitch is not necessary.
But if vou give big weight, non-lineality can be prevented, and pitch effects slow approach to target,

| (F 71 31.)=80. pitch=05

3-rd class : inequality type

| 10460 G121 < 1000,

Description rule

1. Bberratin must be packed by =mall blacket az shown.
2. uze comma of space to detach parameter
3. Ih case 3-rd class, do'nt use right bigeer inequality () and give lower and upper data

Zi o i~th zoom position  Gi : i-th eroup

zoom position Zi  group number Gi 2-page

explanation  example=1 lexample-E]

EXAMPLE| push to see example P SYMABI Tab-2

iF Zi} : focal leneth at i-th zoom position

FEthack focus), LTRE ens track : distance from 1-st surface to image plane)
LWID{lens width : distance fram 1-st to last surfaced, FILHmaximum ray height at 1-st tangent plane)

PSipetzval sumd ENTPlentrace pupil), EXTPexit pupil}
(BT Zi Gj? : maenification at i-th zoom positon of j-th eroup
(PCM Zi G : cam senzsitivity at i—th zoom pozition of j-th eroup
{0 Zi Gj} : zoom space at i-th zoom positon atter j-th eroup
iF Gid : focal leneth of i-th eroup

(FMO Gid F-number of i-th eroup
(SCM Zi Gjb : -th eroup cam point from image plane at i-th zoom state

OJGM Gi Z) ¢ i-th eroup cam movement from 1-st position at j-th zoom state

< 19-3-A> 11
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32- (F zi) (FB zZi) (LTK Zi)
(LWID zi) (FILH zi) (PS Zi) (ENTP Zi) (EXTP Zi) i-th zoom
position back focus lens track lens width Tfilter height petzval

sum entrance pupil exit pupil

LTK  lens track( )
LWD  lens width( )
FILH  filter height( )
PS petzval sum X(1/f;) position normalize
cam AD back focus
(AFg) (AFg/AD)
F-number
wide cam value

explanation | example—1 example-2

P_s%¥MABL Tab-3

Fleaze attach small bracket to zignify aberration

{ FOC1 Zi ) : focusine movement to 1-st finite object position at i-th zoom state

¢ DFB1 Zi ¥ : Fb drift of 1-st finite object position against 1-gt zoom position at i—th zoom state

{ FOCZ2 Zid:  walu for 2-nd fininite object position
(DFBZ Zi}: walu against 2-nd

CFCMT Zi 0 minimum focusiable total trackdobject imeaee distanced

{ BET# Zi } : maenification at minum focus point

i DIOP Gi ) : diopter of i-th eroup, e 1000.F )

{ QRS ) =quare sum of each eroup diopter

INFYGL 2 FOC1  YGTTLK
FOC2  YGTTLK*YGTCOF

10 diopter power

11 diopter
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89-1

iter.no.= 3 dt.no.=
***%*  PARAMETER D
**%%  PARAMETER D
PPDLS  DAMPF= 0
PPDLS  DAMPF= 0
PPDLS  DAMPF= 0
PPDLS  DAMPF= 0
PPDLS  DAMPF= 0

[KINO721.CRD]
iris is located at

NAFCL= 0 INFYG

3

(2-2)
(3-2)

.1000D+01
-3000D+01
.3333D+00
.1976D+01
.1976D+01

[KINO721.CRD]

IS EMPTY

IS EMPTY

0.8334D+02
0.8646D+02
0.1390D+03
0.8223D+02
0.8223D+02

0.00-mm inside from the front of 4-th group

1= 0

INFYG2= 1

data of power and lens group coefficients

1 F(1)

(@)) 111.5856
(2 -52.7356
(3 -70.9224
(@) 44.6501
data of individual gr
pos. D( 1)
([@)) 1.9026
(2 27.7249
(3 50.3745

data of coupled group

L
58.3841

(1-4
1-th position
2-th position

3-th position

d.F. K()
1.622* 0.0371
-1.061* -0.1206
-0.800* -0.0126
0.211* -0.1558
oup space
d.D D( 2)
-0.189* 28.0340
0.328* 7.0201
-0.095* 7.2710
distance
d.L.
0.0847*
0BJD= -0.1000D+23
0BJD= -0.1000D+23
0BJD= -0.1000D+23

data of distance from image point and cam

cam 2-cam d.cam
.00 202.40 0.00
.00 176.58 25.82
.00 153.93 48.47
01 PHAI= 0.8223D

ISLT=01 given equality, $:

total track=

KD
-0.0367
-0.0133

0.0304
-1.4346

)
28.4475
23.6391

0.7387

AL= 72.3740 SD

129.8438 SD

AL= 282.5089 SD

4-c
132.
132.
132.

d.cam
0.00
4.81
27.71

3-cam
166.36
161.56
138.66
+02

APHAI= 0.262

ISLT=02 specified equality, #:

2000.0000

d.KD
0.000
0.000
0.000
0.000

d.D
0.284
0.098
1.316

L=
L=

L=

d.cam
0.00
0.00
0.00

am
95
95
95

6D+04

4000.0000

HO)
0.1143

-0.1518
-0.0700

56.8055

56.8055

56.8055

1.7054

D(

EFL=
EFL=

EFL=

72.3740

129.8438

282.5089

FNO
1.48
6.58

3.75

ISLT=02 but exists within lower and

I: ISLT=02 but abandoned because of dependency to preceding equality.

posi 1-cam d.

1 217.06 0

2 217.06 0

3 217.06 0

damp.f.= 0.1976D+

upper, )

(1) (2B -1FB )
(2) (3B -1FB )
(3) (r )
(4 @ )
(5 GF )
(6) (1FB )
(7) (ILTRK )

present
0.0000
0.0000
72.3740
129.8438
282.5089
56.8055
217.0599

last
0.0000
0.0000
72.8095
130.4155
296.1127
58.3284
217.7355

target
0.0000
0.0000
71.9978
129.9975
280.0000
38.5000L 10
0.0000L 2

#
#

262

weight
10.0000
10.0000
10.0000
10.0000
10.0000
00.0000U
20.0000U

0.
0.
-0.
-0.
-13.
-1.
-0.

inc.
0000
0000
4355
5716
6038
5229
6756

merit amerit
0.000000  0.000000
0.000000  0.000000
1.415045 6.588843
0.236104 1.747086
62.9447062596.191469
0.000000  0.000000
0.000000  0.000000




( 8) (1b(1) ) 1.9026 2.0912 # 1.0000L 1000.0000U -0.1885 0.000000  0.000000
(9 (@2p(1) ) 27.7249 27.3971 # 1.0000L 1000.0000U 0.3279  0.000000 0.000000
(10) (3D(1) ) 50.3745 50.4693 # 1.0000L 1000.0000U -0.0948  0.000000  0.000000
(11) (1b(2) ) 28.0340 28.0448 # 1.0000L 1000.0000U -0.0108  0.000000  0.000000
(12) (2D(2) ) 7.0201 7.3614 # 1.0000L 1000.0000U -0.3412  0.000000  0.000000
(13) (30(2) ) 7.2710 8.4073 # 1.0000L 1000.0000U -1.1364 0.000000  0.000000
(14) (1D(3) ) 28.4475 28.1635 # 1.0000L 1000.0000U 0.2840  0.000000  0.000000
(15) (2D(3) ) 23.6391 23.5410 # 1.0000L 1000.0000U 0.0981  0.000000  0.000000
(16) (3D(3) ) 0.7387 -0.5772 $ 1.0000L 1000.0000U 1.3159  0.000000  0.000000
(17) (1dp1 ) 8.9617 9.0939 7.9365 1.0000 -0.1322  1.051102  1.339651
(18) (1dp2 ) -18.9625 -19.3518 -15.6499 1.0000 0.3892 10.973518 13.703901
(19) (1dp3 ) -14.0999 -14.2608 -12.0642 1.0000 0.1609 4.144165  4.824999
(20) (1dp4 ) 22.3964 22.5028 22.7503 1.0000 -0.1064 0.125264 0.061249
(21) (1BT-2 ) -1.1343 -1.1251 -1.3390 1.0000 -0.0092 0.041907 0.045760
(22) (2BT-2 ) -2.5513 -2.5056 -3.4959 1.0000 -0.0457 0.892236 0.980725
(23) (1BT-3 ) 0.3350 0.3368 0.3174 1.0000 -0.0018 0.000310 0.000378
(24) (2BT-3 ) 0.2672 0.2709 0.2195 1.0000 -0.0037  0.002276  0.002644
(25) (3BT-3 ) -0.0557 -0.0730 0.0412 1.0000 0.0173  0.009386 0.013047
(26) (1BT-4 ) -1.7068 -1.7472 -1.3446 1.0000 0.0403 0.131215 0.162048
(27) (2BT-4 ) -1.7068 -1.7472 -1.3447 1.0000 0.0403  0.131143 0.161968
(28) (3BT-4 ) -1.7068 -1.7472 -1.3447 1.0000 0.0403 0.131143  0.161968
linear approximation, requirement and actual movement
( 16) 1.5772 1.5772 1.3159 parameter

89-5 data

89-5-1 power

power
PZOOM_Tab-3 E power
4 power

8

1 1 2 1
K,K,T
(A) 1,23
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A

K f

wide Dy By tele
DlT ’ﬂZT
. f,
—h+Dy +f,=f—=+1, (9-]
Pou
1+ 0y +5f, = fl_L"'fz 9-2)
Por
f = DlW _DlT
° 1/ﬂ2T _1/132w
f, ={Dyy + (i, +1/ By +1) f,} 11+ 1)
3 1,2
3 L3W L3T ﬂ3W ’ﬂ?aT 3
—Low + 5Ty =15/ By + 1
Loy = (i, +1/ By =D 1 9-
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Ly = (i3 +1/ By —

1)1,

9_
ﬂBW ’ﬂST ! f3 3 2
3
183T / ﬁsw =V 9-5
3) (4) 5
L (Lor —Law ) (1-53)
ﬂ3w L3T o L3w Y
f — L3W 9-6
3 1
Ky+—-1
3w
(B)
S S’
Q) )
power
s B
s+xf=—f/p+f 9-7)
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power

k+1/ p-1

s=(xk+1/ g -1)f

power lens
©
s B
f-pf=—xf+¢
p— S’
1- B+«
D) total track
total track( ) L €]

f:

L
2-B-1Up+(r—Kx+x')

menu [ |

266

B

power

9-8)

9-9)

lens

9-10)

9-11)

9-12)



(R, J=return to main
(M)=decide FO11,F(2) by movement and behta at wide and tele

(M) =decide FIK) by lens location at wide and tele
and magnification ratio between wide and tele,
where K must be greater or equal 3

(L)=decide last group power to satisfy irput F
(OF)= decide D and F to satisfy afocal cond.
(8)=re-scale to satisfy input F

(1)=decide F(1) by irput total F and residual behta

(B)=decide single or group power to satisfy behta
(D)=decide D to satisfy behta

89-5-3
89-5-2 data
menu(Q)
(R, )=return to main
(2)=2-group zoom
(T)=tele-photo-type, (W)=Retro-focus-type
3) 82.3 zoom  power wide
back focus tele wide
3 82.1 lens  power mode
tele tele B
x k' T lens
[f.-f,] = minimum
) 82.2 retro-focus type power
B3, power back

focus

§9-5-3

power



§9-5-3-1

89-5-3-1-1
variator
power PZOOM
K,K,T&0 K=K=T=0
| PZOOM | — | NEWGEN |  LS=4, NZOOM=3 position  EFL
80.0, 120.0, 200.0 Tab  [1] - [M] variator  40mm
$=-0.6324 - -1.5811
FL1) and FU2) are decided az follows
(1) :decide F(£) by movement of 2-nd groap and behta of wide and tele
(112: dzcide FU1) to generate praper image for 2-nd group at wide state
Decigion of F3)
DIR,DIT: DL1) in wide and tele state
BTEN.ETET: hehta of wide and tele state
DLH DLT ETiH BTAT
i I d EalL
[ecigion of F{1)
F(1} ia decided by DI and BTN wwed for FIH
1"2=groop Fee  -B3.4515 Ft= -173. 6347
OBTAINED F(1)= 104.8221 F(Z)= -42,1562
ARE 70U ALL RIGHT # {¥/H)
F(D, F() P z
1 =
P =— , Por =—VZ
vZ
F(3) ~Tab
F(3)=100.0

efch group focal lenzth

FI) . Fi%) . Fi3 . Fd) FI _ _
08, BEL . A2 IR J00,0000 L D00 e b

1-th position D-value

B MH . biE b
o d 0000 AL, 000G, . 10,0000 , .,
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d-th pesition D-value

DLl D) DiE) Dl
20, QOM0E . 20 0wk ., & Q00

D(3) wide compensator

-Tab IIl - wide

80.0 F(4)

we are gaing Lo decide last group power to fit F

ﬁim”:r exesube poaition no. with (12)

target total feeal length at thia pesitian
A 00 : : :

1-th pesitics D-value

DL ([ }] ([ E}] I

abtained FU 4)=  141.3558

Pl ese pux]l efiler 'u-_r Lo pl'ol:e—_-ad

If wou push P, FRINT FlG-option iz executed

-Tab E

He are going to re-met coupled condition

[BES0] E=colunn) . [DSECE . 4)  with B(Z13)
COLCoM0 0 CF R i ; ;

1-th pesition D-walue

b1y Dz D% il
1 S A 11 S

, couple compensator

we are going Lo re—set back focus adiust
back foeus adjosted nem apace no, with (2128

INFIFL(1.2).1KFIF2CE, 4)

pesition nonber ax standard
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FO 1= 108.888 F({ £) 42.158 FC 2= 100,000 FO 4)= 141356

B0, F Fls LTER D1y Dz D b
{4} 0,000 1Z5.368 107.3E8 1.000 41.000 10,000

([ 4) 10,31 126,32 177,42 20,000 20,455 1,545

[ 4) O0.01E  1Eh.EmE 1TV R 41.000 1.005 4,435

BOE behtall) behtal®) behtal3) behtald)  behtal

{ 1) IR =632 ] 0.000

{ 2) 0,090 0,000 0.000 0.000

{3 0.000 1.581 0.000 0.000

LHCH: [ipear cam no.
INFIEL, [HEIF2: back focus adiust space no.
KFECFE: flag to compare back focuz (MD-foous anly)

LHCMCT, 20, INFIFLOS.4) . INFIFS(S, B) KFBCERCT, )
e A O T

red dotted hne 15 natiral F-Lande

frr.d
80,4

f1ia

2000

7774
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89-5-3-1-2

1] - F(L), F)

each group focal lenzth

F(1) 4F(Z) F(3) Fi4) F(

1-th pozition D-value

D LMD DD
|1 .Qgﬂﬂl Q.Qgﬂﬂl |1 .Qgﬂﬂl l

2-th pozition D-value

D) D) n3) Ol |
|I2IU|-IU|UIU|U:|I2D|-D|[]IU|U:|I|2|-UDDD:I|I|I|I|:|I|I|I|I|:|I|I|I|I|

F( 1) 109832 FO 2 42158 FL 3) 100,000 FC 4) 37515
P, F b LIRE D1l DiZ) D(3) I
[ 4) 80,000 137758 189,742 1.000 40.000 1.000

[ 4) 112,140 127,782 169.7E 20,000 18,325 3,675

[ 4) 200,018 127.OTRE O O1BA.TRE 41.000 0.001 1.001

o behtall) behta(2Z) behtal3) behtald)d behial

[ 0,000 RN 0,000 0,000

[ &) 0,000 00,000 0,000 0,000

3] 0,000 -1.521 0,000 0,000

red dolted e 15 natural —-Lunve
fE9. 8
a0.0
-
172 7
2000
62 8
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89-5-3-1-3

Fi. R,

Fi1) and FEZ) are decided as fol lows
Hlidcc:dc FiZ) by movement of Z-nd group and behta of mide and tele
|

1)¢ decide F(1) to generate proper image for 2-nd sroup at wide state

Decigion of F{E
DIR.DIT: DO1) in wide and tele state
BTIW.ETZT: behta of wide and tele state

me  mT . BT Hmﬂ

Decigion of F{1)
F1)Y iz decided by DIW and ETHH used for F(2)

I"i-group Fe= -87.7338  Fr= -84.3333
OBTAINED Fld= 84,3353 F(Z)= -26. 6667
ARE ¥O0 ALL RIGHT % (Y/H)

F, 100.0

each group focal length

Fi1) Fid) _ }'Iff.ll_ Fi

Fil
(CUNE

tele

3-th pesition D-value

DiL) DiE) Dia) i§
41 D0k MO, L AN,

tele

we are going Lo decide last group power Lo Tit F

E&a‘ﬂﬂ‘ twesube position ne. with ([3)

target total focal length at thiz peaitien

3-th pesiticn D-valus
[ITEH] pDeEy o DiE M
ALLO0O 10000, L, 00
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abtained F{ 4)= 5&. 01448

Pleaze push enter ker to procesd
1f #ou pach F, FRINT FlG-option iz executed

(p]. [&]

-Zoom position (tele )

F( 1) P L6.88T FO &)= 100,000 F( 4) 5. 020
s, F i LTRE D) IJ(?.] IJ(3; [
C 4 B2.404  115.1B% 1%4.18% 1.000
i 4) 105,824 116,062 1B9.16F  20.000 ll.'l 131 12 I]BB
(4 200000 1le. 182 1BA.1REZ  41.000 L.000 L.000
g, '|¢-||LH.(|._.' '|N-||LH.(2:' behtal3) behtald) behtal
01 0.0 -0.4 0.000 0000
[ 0. t]I:ID 0. t]I:ID 0.000 0.000
[ % 0.000 L.000 0.000 0.000
red dotted ne 15 natyral F-Ladnsae
FEQ 2
58, 4 iy
T8 8 i = o
200.0
FE3 2
F,=-100.0 tele D, 15.0
F( 1) 94,200 F( 2 BB.B8T FO 8= -100.000 F( 4) #8458
F Fh LTRE IJ(‘) (11§ (] g
( ] B4.740  1B4_BTS 221.27C 1.00 (5.0 T.BE
{ 4) 101096 QB4 7R 221076 &0, [.-JI:I LTI 9, P65
(4) 00000 IR4 2TR DELETR  41.000 1000 16.000
B, behtall) behtal?) behtald) brh.t.a[-‘-:' behtal
1) 0000 -0.400 0000 0.0
i Z) 0.000 0.000 0.000 0. [.-JI:I
(%) 0.000 1000 0.000 0.000

273




red doited lne 15 patural F-Lunde
227.3
647 - |
102.0 ‘} ———
200.0
221.3
89-5-3-2
35 70 | PzoOM | — | NEWGEN LS=2,
NZOOM=3 (1] -~ [M]

Fi1) and FEZ) are decided s ol lows
Hlidcc:dc Fi2) by movement of Z-nd group and behta of wide and tele

1)t decide F(1) to generate proper image for Z-nd sroup at wide state

Decigion of F{E
DIR.DIT: D{1) in wide and tele state
BTIH.ETET: behta of wide and tele state

W mT BETEM BTIT. _ _ _
L0 1S 1R | 1 111 el

Decigion of F{1)
F(1) iz decided by DIN and ETIW wsed for F(Z)

1 F=greap Fes 22,5000
OBTAIMED Fild= -67.0000 F(Z)=
ARE VOO ALL RIGHT 2 (Y/H)

Ft= B7.0000

34 .0000
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Por

550

73

28 84

F
decide FIZ) by movement of 2-nd group and behta of wide and tels

¥ oand F(2) are decided ag follows
¥
11: decide F(1) to generate proper immge for Z-md group at wide state

(1
il
4]

Decizion of FUE)
DIW.DIT: D1} in wide apd tele state
ETEH,ETET: behta of wide and tele state

Diw DIT ETER ETET
=TT <1 = 1111

Decizion of F(1)
F{l) ig decided by DIN and BTN used for F(I)

1 _Z-a::'ﬂup Fr= a7, 2350 Ft= 81,T0ED
COBTAINED F(13= 20,8500 F{i= -21.4500
&RE YOU ALL RIGHT 2 (¥/N)

2r =

L=

a7.7

=
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§9-5-3-3

§9-5-3-1

Nikon

§9-5-3-4

50 300 817-4

65mm
(] - [v]

idecide FU2) by movement of 8-nd group and bebts of wide and tele

TEH and }'(i) are decided ag follows
(1177 decide F(1) to generate proper imase for d-nd sroup at mide state

DG\.[S]Q‘TI of FU&)
DIA.TAT: D{1) in wide and tele state
BT, HT"’T behta of wide and tele state
iR MT ETH ETET
Desizion of F{1)
Fil) i decided by DIH and BTEW used for F{E)
172=groap Fa= =85_0499 Fr= =188 9849
DETAINED Fil)= 1536045 F(2)= -45 E631
ARE YOU ALL RIGHT # {%/H)

oo L OODGE BB ODOGE o o AR LD

§9-5-3-4 35mm
F®

Decizion of F(2)

Diw, DEt space in wide and tele state
¥ ={behta at tele)/(bebta in wide) ' zero=-* return

bew D3t _
1L

used Lw= -165,6199 Le= -97. 3549
1"3=group Fr 01117 Ft= 182 5747
obtained Fi3)= E1.8618

behta-W=  -0_£568 bebta-T=  =1.13&7
ARE TOU ALL RIEI['I * (1

power position f=50 (D)
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DPL

we are going Lo decide last group power Lo it F

answer execute pogition no. mith ([2)

tarset total fecal lensth at thiz pezition

1-th peaiticn D-value

OB D D _ .
e L D000 00,0008 A0LD000 il

obtained F{ 4)=  -164.B616

Pleaze push enter ker to procesd

If rou push F. PRINT_FIG-option iz executed

position ,

anzwer executed pozition no. apd space no. with (Z[Z2)

BETA(Z) in Z-th pemition

chtained D0 1)= 618254

leage push enter key to proceed

If you push P. PRINT_FlG-option iz executed

mnsmer ececuted pozition ne, apd space no. with (21E)

BETACS) in 2-th position

cbtained D{ Z) 11.2471
Fleape push enter key to proceed

If wou push F. FEINT_FIG-aption ig execuled

[:] position 4
F{ 1)= 15%.808 F( %)= -45.888 F( 3)=  Gl.e8% F{ d)= -184.082

P, F Fls LTRE DL (1] 4] (1] 53] o
[y BO.DO0  BOE.TTO R19.7F0 1.000  100.000 10,000

[ 4) IET.EQA N1LLBJT BEERIT Bl.Eds 11T r.EM

{4) 384561 M12.8m9 2RR.EBO BB.OD0 1.000  44.000

o, behtal(l) behtal#) behtald) behta(d) behbtal

{1 0.000 0 -0.430  -0.456  0.000

{ E) 0.000 1.000 1.000 0,000

{3 0000 1.100 1.140 0.000

-position F position
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we Are going Lo adjust back focus

at at certain pegition(EPUE) to certain value(VALUE)

back focus adjusted new space no, with (215

INFIFL(1.2) , INFIF2(2.4)
k] =3 il "

KPS VALIE ¢ KPE=0 - return
AR e el

RFG  YALUE = ¢ EFE=0 --lreturp
b UL BT

EFS  YALUE = EFIE=0 ==ireturp

FC 10= 153606 F( 23 40,888 FO 30 ol.86F F{ 4)= 164,862

5. F Fh LTRE ni1) Dzl D(3) n(
[ 4) 43,887  111.837 227537 1.000 101.261 2.744
[ 4) BBT.BE 111,587 ERR.RET Bl. 928 11.947 9738
[ 4) HE.as 111.837  E22.BET BE 000 2411 42,050
poer. behtall) behtalZ) behtal2) behtald) behtal
[ 1) 0,000 0,420 0. 458 000
[ 2 0,000 =1.000 =1.000 0,000
[A:1] 0,000 -1.100 -1.140 0,000
2225
S0.Q = § oo
H_L‘H:;“
257.6 }
310.0 -
2225
§9-5-34 variator
9—6) 28 200
TEST DATA 80_200.KSK [LCARD | - [ MDFRDN |
14 24 INF41=10, INF42=13, IPTP(3)=13

| MINUTE | - | ZOOM CRD |
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power

- Tab-2 - | GNPZCR data PZOOM.CRD
[INITIAL ] ~ [PZOOM | - Tab-3 - [1] - :
F(,‘Ig and Fi2) are declded as ol | ows
(19 idmeidn FOE) by |||||'\r1‘|||r|r11 af g-pd mroup and bshta of wide and tale
113 decide F{1) te genermte proper inmse for 2-nd sroup at wide otate
| = hrr‘- pumh enter key teo progesd
IT vou pumh F. PRINT_FlG-option e executed
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