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Two paraxial design methods were developed for the rear focusing zoom lens system. A
solution under the condition of keeping the same moving distance of the rear lens group for
all zooming points was found with respect to a single object at a finite distance for the first
method, and two different objects for the second method. In the first method two different
approaches were attemped to design the rear lens group: for a fixed focus and for a zoom.
The results showed that the maximum variation at the image plane for an object distance of
1.0m was 0.0682mm and 0.0705mm according to the fixed focus and zoom approaches,
respectively. Smaller variations in both the lens system thickness and the back focal length
were obtained in the zoom approach. According to a similar design reported by Tokumaru the
variation at the image plane under the same conditions as the present approaches was 0.171mm
at 1.5m object distance. The second method proposed here requires further studies for com-
mercial applications due to its complexity. However the result of basic analysis showed that
the second method could provide it better system performance than the first one.
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Fig. 1 Schematic design of a rear
focusing system.

Table 1la A design data obtained by Method 1 for given parameters of
FWDu=1.5m and =—1.0mm for a fixed focal length of f2=25.18mm.

F fi 21 ) BFLy z1+BFLu

28 —22.505 22.913 25. 180 56. 508 79. 421

60 —32.680 6.215 25. 180 71.411 77.626

135 —37.640 —5.493 25. 180 115. 491 110. 051

Difference 15. 135 28. 352 0.000 —58.983 —30.631
unit: mm

Table 1b The maximum difference of shifting distances of the focusing

lens group described in Table 1a.

F
FWDu Maximum difference
28 60 135

10.0m —0. 1440 —0. 1515 —0.1531 0.0091
5.0m —0.2898 —0. 3025 —0. 3050 0.0152
3.0m —0.4875 —0.5030 —0.5060 0.0185
2.0m —0. 7402 —0.7522 —0.7544 0.0142
1.8m —0. 8259 —0.8349 —0. 8366 0.0107
1.5m —1.0000 —1.0000 —1. 0000 0. 0000
1.3m —1.1639 —1.1517 —1.1497 0.0142
1.lm —1.3930 —1.3578 —1.3521 0.0409
1.0m —1.5458 —1.4912 —1. 4826 0.0632
unit : mm SUM 0. 1860
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—FWDul/f2
As=F
HRHoNB.

Table 2a A design data obtained by Method 2 for given parameter groups
of (FWDm=1.5m, x1=—1.0mm) and (FWHu:=1.0m, z2=—1.5mm).

F f1 21 I BFLn 21+ BFLu

28 —22.693 173. 607 108. 425 242. 206 415,813

60 —32.563 —13.572 12. 301 34.993 21.422

135 —37.349 —35. 317 1.592 7.346 —27.971

Difference 14. 656 208. 924 106. 833 234. 860 443.784
unit : mm

Table 2b The maximum difference of shifting distances of the
focusing lens group described in Table 2a.

F
FWDu Maximum difference
28 60 135

10.0m —0.1501 —0. 1502 —0. 1508 0. 0007
5.0m —0.3001 —0.3003 —0.3013 0.0012
3.0m —0.5001 —0.5003 —0.5013 0.0012
2.0m —0. 7500 —0. 7502 —0. 7508 0.0008
1.8m —0.8334 —0.8335 —0.8339 0. 0005
1.5m —1.0000 —1. 0000 —1. 0000 0. 0000
1.3m —1.1538 —1.1538 —1.1535 0.0003
1.1m —1. 3636 —1.3635 —1.3632 0. 0004
1.0m —1.5000 —1.5000 —1.5000 0.0000
unit : mm SUM 0.0051
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Fig. 2 A concept showing a constant shifting
distance of the rear focusing lens group for a
single object (Method 1).

Table 3a A design data obtained by Method 1 for given parameters of
FWDu=1.5m and z=—1.0mm for a fixed foral length of f2=236.17mm.

F f1 21 S BFLn 21+ BFLyu

28 —22.580 42. 759 36. 170 81.023 123.782

60 —32.713 23.718 36. 170 102.511 125, 689

135 —37.645 8.611 36. 170 165. 880 174. 491

Difference 15. 065 34.148 0.000 —84. 857 —50. 709
unit: mm

Table 8b The maximum difference of shifting distances of the
focusing lens group described in Table 3a.

F
FWDu Maximum difference
28 60 135

10.0m —0. 1464 —0. 1519 —0.1531 0.0067
5.0m —0.2939 —0.3032 —0. 3051 0.0112
3.0m —0. 4925 —0.5038 —0. 5060 0.0135
2.0m —0.7442 —0. 7528 —0. 7545 0.0103
1.8m —0.8290 —0.8354 —0.8367 0.0077
1.5m —1.0000 —0.0000 —1.0000 0. 0000
1.3m —1. 1596 —1.1512 —1.1496 0.0100
1.1m —1.3803 —1.3563 —1.3519 0.0284
1.0m —1.5257 —1. 4890 —1. 4823 0.0434
unit : mm SUM 0.1312
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Fig. 3 A concept showing two constant
shifting distances of the rear focusing lens
group for two different objects (Method 2).

Table 42 A design data obtained by Method 1 for given parameters of
FWDu=1.5m and z=—1.0mm for a fixed focal length of f2=42.32mm.

F f1 21 ) BFLu 21+ BFLu

28 —22.605 53. 881 42.320 94,741 148.622

60 —32.724 32.677 42. 320 119.915 152. 592

135 —37.647 16. 475 42. 320 194. 080 210. 556

Difference 15. 042 37. 406 0. 000 —99. 339 —61.934
unit : mm

Table 4b The maximum difference of shifting distances of the
focusing lens group described in Table 4a.

F
FWDu Maximum difference
28 60 135

10.0m —0. 1472 —0.1521 —0.1531 0. 0059
5.0m —0.2953 —0.3034 —0.3051 0.0098
3.0m —0.4942 —0.5040 —0.5061 0.0119
2.0m —0.7456 —0.7530 —0. 7545 0.0089
1.8m —0.8300 —0.8335 —0.8367 0.0067
1.65m —1. 0000 —1.0000 —1.0000 0.0000
1.3m —1.1584 —1.1510 —1.1496 0.0088
1.1m —1. 3765 —1. 3559 —1.3519 0.0246
1.0m —1.5197 —1.4883 —1.4822 0.0375
unit : mm SUM 0.1141
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Table 5 The comparison of the results of 2=—1.0mm and z=—1.5mm.

f
Division
25.18 36. 17 42.32
Difference of z1 28. 352 34.148 37. 406
10 Difference of BFLu —58.983 —84. 857 —99. 339
z=-1.

Difference of z1+ BFLu —30.631 —50. 709 —61.934
Sum of difference of focusing group/x 0. 186 0.131 0.114
Difference of z1 34. 461 40. 127 43.327
—_15 Difference of BFLu —45.295 —65.280 —176. 462
*Z7 5% | Difference of =1+ BFLx ~10.835 | —25.152 | —33.13
Sum of difference of focusing group/z 0. 508 0.325 0.273

unit : mm

Table 6a A System design using the rear lens group as a zoom in Method 1 for
given parameters of FWDu=1.5m and #=—1.0mm with the rear zooming foci

of 42.32, 36.17 and 25. 18 obtained from Table 4a, 3a and la respectively.

F f 21 f2 BFLnu z1+BFLu

28 —22.605 53. 881 42.320 94, 741 148. 622

60 —32.713 23.718 36. 170 102. 551 125. 689

135 —37.640 —5.439 25. 180 115. 491 110. 052

Bifference 15.035 59. 320 17. 140 —20. 750 38.570
unit : mm

Table 6b The maximum difference of shifting distances of the focusing
lens group described in Table 6a.

F
FWDn Maximum difference
28 60 135

10.0m —0. 1472 —0.1519 —0. 1531 0.0059
5.0m —0.2953 —0.3032 —0. 3050 0.0097
3.0m —0.4942 —0.5038 —0. 5060 0.0118
2.0m —0.7456 —0. 7528 —0. 7544 0.0088
1.8m —0.8300 —0.8354 —0. 8366 0. 0066
1.5m —1. 0000 —1.0000 —1. 0000 0. 0000
1.3m —1.1584 —1.1512 —1. 1497 0.0087
1.1m —1. 3765 —1. 3563 —1.3521 0.0244
1.0m —1.5197 —1.4890 —1.4826 0.0371
unit : mm SUM 0.1130
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Table 7a A paraxial system design data for the rear focusing group
with fixed focal length.
F 21 212 BFLn SUM
28 13. 5800 25. 3580 56. 5077 95. 4457
60 42.9745 17.4501 71.4180 131. 8354
135 51,5441 10.0815 115. 4908 177.1164
Difference —37.9641 16. 2765 —58.9831 | —81.6707

fu=125.0mm, fiz=—17.0mm, f2=25.18mm

unit : mm

Table 7b The maximum difference of shifting distances of the
focusing lens group described in Table 7a.

F
FWDu Maximum difference
28 60 135
10.0m —0.1448 —0. 1523 —0. 1540 0.0092
5.0m —0.2941 —0. 3055 —0. 3089 0.0148
3.0m —0.5003 —0.5113 —0.5167 0.0164
2.0m —0.7708 —0.7710 —0.7785 0.0077
1.8m —0.8643 —0. 8581 —0. 8663 0.0082
1.5m —1,0572 —1.0335 —1.0427 0. 0237
1.3m —1.2426 —1.1964 —1.2066 0.0462
1.1m —1.5081 —1.4204 —1.4314 0.0877
1.0m —1.6895 —1.5671 —1.5785 0.1224
unit : mm SUM 0. 3363
Table 7¢ The imaging point deviations of the design described in

Table 7a (rear fixed focal length) at wide and middle-zoom positions
from the image plane formed by a tele-zoom position.

The shifting distance of | Imaging point deviation
TCL the rear focusing lens Maximum deviation
group at F=135mm F=28mm F=60mm
10.0m —0. 1540 0.0048 0.0041 0.0048
5.0m —0. 3089 0.0075 0.0078 0.0078
3.0m —0.5167 0. 0080 0.0123 0.0123
2.0m —0.7785 0. 0035 0.0170 0.0170
1.8m —0.8663 0.0008 0.0183 0.0183
1.5m —1.0427 —0. 0066 0. 0204 0. 0270
1.3m —1.2066 —0.0156 0.0222 0.0378
1.lm —1,4314 —0.0314 0.0239 0.0553
1.0m —1.5785 —0.0437 0. 0245 0. 0682

unit :

mm
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7, BEEX-LTHI BOREEKE fulllk),
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Table 7b, 7¢ 1T~ % 4R AILT, Bairstow’s method® AF|FHL T ku
Table 8a A paraxial system design data when the rear focusing
group is zooming.
F Z11 212 221 222 BFLu SUM
28 13.992 37.767 8. 170 27.241 53.692 140. 862
60 43.041 25.110 16. 145 19. 266 55. 689 159. 251
135 51.544 14.529 29. 540 5.871 77.511 178. 995
Difference —37.552 23.238 —21.370 —21. 370 —23.819 —38.133

Su=125.0mm, fi2=—17.0mm, f21=24.0697mm, f2:=—235.9035mm, fz3=62.2805mm

unit: mm

Table 8b The maximum difference of shifting distances of the focusing
lens group described in Table 8a.

F
FWDu Maximum difference
28 60 135

10.0m —0. 1490 —0.1531 —0. 1541 0.0051
5.0m —0. 3027 —0.3079 —0. 3090 0. 0630
3.0m —0.5154 —0.5168 —0.5170 0.0016
2.0m —0. 7950 —0.7824 —0.7793 0.0157
1.8m —0.8912 —0.8720 —0.8673 0. 0245
1.5m —1.0911 —1.0529 —1.0441 0. 0470
1.3m —1.2825 —1.2218 —1.2084 0.0741
1.1m —1.5557 —1.4555 —1.4339 0.1218
1.0m —1.7416 —1.6093 —1.5816 0. 1600
unit : mm SUM 0. 4561

Table 8¢ The imaging point deviations of the design described in
Table 8a (rear zoom) at wide and middle-zoom positions from the
image plane formed by a tele-zoom position.

The shifting distance of | Imaging point deviation
TCL the rear focusing lens Maximum deviation
group at F=135mm F=28mm F=60mm
10.0m —0. 1541 0. 0027 0.0023 0.0027
5.0m —0. 3090 0.0033 0.0026 0.0033
3.0m —0.5170 0. 0008 0. 0005 0. 0008
2.0m —0.7793 —0.0077 —0.0070 0.0077
1.8m —0.8673 —0.0118 —0.0107 0.0118
1.5m —1.0441 —0.0222 —0.0198 0.0222
1.3m —1.2084 —0.0343 —0.0301 0.0343
1.1m —1.4339 —0. 0547 —0.0477 0. 0547
1.0m —1.5816 —0.0705 —0.0611 0.0705

unit : mm
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a1 aiz a1z au ais as ko2 an
a1 a2 as a ass as | | kaks a (15)
as1 asz ass ass ass ase 25 asr
Las1 a4z a43 ass ass ass T as
k23T
(an=1, aa=—z1, an=1, an=—zn

arr=1, a2=0, ax=1, aw=0
ai=—zw, a=0, as=—z11, aw=0
au=KoBFLo, as=—KoBFLozo,
asu=K\BFL, asu=—KiBFLizu
a15=0, azs=—Ko, a=0, ass=—Ki
a16=0, az=KoBFLo, asx=0, aws=KiBFL:
arr=Ko, az=(BFLo—z10)Ko—1,
asr=K1, asr=(BFLi—zn)Ki—1

MHET
Fo=42.32mm (Ko=0.02363),
BFLo=1.2Tmm, Z10=8.17mm
F1=25.18 mm (K1=0.03971),
BFLi=—12.8mm, Z1u=29.54mm
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@ fu=—21.4958 mm, f2=20.2049 mm,
f23=16.2550 mm, T=70.1470 mm
@f21=24.0697 mm, f22= —35.9035 mm,
f23=62.2805 mm, T=35.4107 mm
L3, CCTHROWR f oEWhEL, T OEBSKE
WL IRTL, BOEFALTY AT LETRIET.
Fig. 5 & Table 8a IHEHEMICkD SN —A LV
v RO EEARL, Table 8b, 8¢ i3 TCL IZ X
ARBREEL F=135mm ICHd 2 BEE/LREZTRL
T3,

. BRBIUEE

BBBH T + — 4 ¥ VI HECBOTREE BEEERR
T BIBE E X —2TT BBA I DV THIMRREER
Do, FORE, BIFHE 9) OYkiE#EE 1.5m DRK
ZE{tE 0.171mm (=0.070+0.101) &E~RTHB &,
1m THRAEMMBIBRBEELSDOB G T 0.0682
mm, BEX—2L0EAL 0.0706mm & HH IS HERE
Bl

FO XS BEREFET BETRNCERELUS
BREEERAEE TS L, ROXDTH2.
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Fig. 4 A schematic rear focusing system design
with a rear fixed focal length group.
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Fig. 5 A schematic rear focusing system
design with a rear zoom group.

@® Table 7b & 8b DHRBHEE O @ 5 0.3363
mm & 0.4561mm % WRTHBE, BEA-s1L VX
ZOBITHEEE X S ICABENICT A LENH B L ED
h5.

® Table Ta OBBNEEESTH RETMHEICS
WT, BFLu OZ{L&EIT 58.9831mm T—HRL 74
SHLVVYRRELUTIIBRICHZEL /55, Table 8a
DBBEDIZ — L DEAIT 23.8197mm TZEALEAESLL
TFicls-teC LEEETHE, 28~18mm LY XKD
KEVWA—LEREEDV VY ARICHBERT S EHT
x5 EEbN 5.

® FWDn & z OBFHR» SEAREL 1CREDA
PE7s LD, TCL & 2z OBFRA»SEERD S &



BRBH T + — 2 vV SHRAOYIMRRE (8 - 2 - #)

BEEHE D> LT AT ENTEEEIITKD. F

7o, T TRAMRL T &ML TN, R >hich

WREHED S RBILEEAFIF T % LBEELRE S5
N THLEMNTEZLEDNS.

® —_FBHOHESFFHHROM Table 22, 2b 3L E
DEALMKREL, BEBLELTHD, —BHOESR
HARb O ER X NIBBEX — 4D Table 6a, 6b i3
L2ROEDWNE S BEOREENE L 5 C & & s

2L, —RHORARMTREZ S O KRBIENITLD
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