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Fig. 1. Conversion of a lens group.
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F# 1. Telephoto lens#| 2] A A AL (P 45-37385)"

s 2EWd wWAE 20 EAEFEW
1 27.99000 4.000000 1.48749 70.0

2 —40.48000 1.580000

3(stop) —36.39000 1.320000 1.75520 275

4 17.25000 3.600000 1.78472 25.7

5 —219.73000  40.000000

6 —15.23000 0.800000 1.71300 53.9

7 —32.20000 1.200000 1.78472 25.7

8 —24.05000

efl=100.1520 mm
bfl=28.6653 mm
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Fig. 2. Sample telephoto lens system (JP 45-37385, F/8, efl=100.15
mm, FOV=7°).
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ksl ZEVA HIHA e
1 27.99000 3.000000
2 ~40.48000 1.185000
3(stop) ~36.39000 0.990000
4 17.25000 2.700000
5 —219.73000 40.000000
6 ~15.23000 0.800000
7 ~32.20000 1.200000
8 —24.05000

efl=108.1665 mm
bfl=35.3807 mm

F 3. F7HRIZAES o]&3ld Al FAE = A=A

(Equivalent lens system)

AA S FEW HzAE
1 27.99000 3.000000
2 ~-40.97726 1.185000
3(stop) —-37.31718 0.990000
4 17.72947 2.700000
5 —227.45992 42.095020
6 —15.23000 0.800000
7 —32.20000 1.200000
8 —24.05000

efl=100.1520 mm
bfl=28.6645 mm
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o], o] Azl 3242171 & BAE o] gtk E Sol= olejz
A1) FAE £ 759 3akratolth. B 49 e @
zA1 et vlsha AFgaE Syob FALA CLg AT the
FAEE dAHer Frteigien, 2t PERE FapE
Adigtel AR e& BAF 1, 53] FHFA S
v} 8,9) Wl Ak F 6olle SrHI= WEg o] 881
A1Te] FAE NSA A$-9] 3zpptol, Mgl ¢
v A2ae 3akeabe Al Wl %S ¢+ ok
E 60lM A2ate] WSt 43t ASE A FgHe B
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thotod Mut 2R &3} 257ke] FAH7| Wil Mg
=g Aol Az e F3d0] 3t vstehA =M, &
oM e ze7h7} 3l 917] e F7HI= AETgo

(@ 7 wel 3357

No S Sy Sy Sy Sy Co Cr
1 0.015422 —0.003518 0.000802 0.001716 —0.000574 0.006559 —0.001496
2 0.084589 0.018046 0.003850 0.001187 0.001074 0.009176 0.001958
3 —0.103460 —0.020694 —0.004139 —0.001733 —-0.001174 —0.030403 —0.006081
4 0.003454 —0.000491 0.000070 0.000080 —0.000021 0.004365 —0.000621
5 0.005230 0.002936 0.001649 0.000293 0.001090 0.011189 0.006282
6 —-0.007112 0.004080 -0.002341 —0.004005 —0.003641 —0.002942 0.001688
7 -0.000028 -0.000012 —0.000005 —0.000107 —0.000047 —0.001787 —0.000750
8 0.002058 —0.000333 0.000054 0.002679 —0.000443 0.004271 —0.000691
) 7 22l 35
g2 Si Sy Sy Sy Sy Co Cr
A1+ 0.005234 —-0.003720 0.002232 0.001543 0.000395 0.000887 0.000042
A 27 —0.005082 0.003735 —0.002232 —0.001433 0.003151 —0.000457 0.000246
A A 0.000152 0.000015 —0.000060 0.000110 0.003546 0.000429 0.000288
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(@) 7t | 335t
No Si Sy Su Sy Sy C. Cr
1 0.020982 —0.004666 0.001038 —-0.002002 —0.000676 0.007650 ~0.001701
2 0.119218 0.022567 0.004272 0.001384 0.001071 0.010924 0.002068
3 —0.149943 —0.026701 —0.004755 ~0.002021 —0.001207 —0.036882 ~0.006568
4 0.005412 —0.000659 0.000080 0.000093 —0.000021 0.005419 —0.000660
5 0.007281 0.003722 0.001902 0.000342 0.001147 0.013490 0.006896
6 —0.013001 0.006152 —-0.002911 ~0.004672 0.003588 —0.004164 0.001970
7 —0.000039 —0.000015 —0.000006 -0.000125 —0.000050 —0.002387 —0.000909
8 0.003456 ~0.,000455 0.000060 0.003125 —0.000420 0.005943 —0.000783
(b) Zt 79 33t
@-Z‘:\I.L SI SII Slll SIV SV CL CT
A1 0.002950 —0.005737 0.002538 0.001800 0.000314 0.000602 0.000034
A2 —0.009585 0.005681 —0.002856 —0.001671 0.003119 —0.000609 0.000278
AA —0.006634 -0.000056 -0.000319 0.000129 0.003433 —0.000007 0.000313
A ZE)sle) o)l B o3 A e 23E 0} gl & 69 2} C7t AL Ao g Yehdth o] £ 3¢ 25 7t F¥e] &
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vl sl ¥ ool TAE H}"E’ A7) =2ol Speh TS
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FELD HEIGHT
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Fig. 3. Finite ray fans of the original design (F/8, ef1=100.15 mm).

l‘

e dahetd ot A1 A2Fe] b o] 28-S
4 A2 FE3deas AnEd dejz FAE

oX

A A3AE 2AFA 2 wAske] Fok= el
FHOF U A5 S AT 9ol AAAezE $7b
ZRTE o) 8 A7t DAY FAS4o] 27 sk}

TANGENTIAL
0.0500

1.00 RELATVE /
FELD HEKHT |,
(3:500)°

z,

SAGITTAL .
00500 :

-0.0500

0.0500 0.0500

-0.0500 -0.0500

0.00 RELATVE |
FEELD HEIGHT

0.0500 (0.000)°

00500

-0.0500 -0.0500

Modified Design

(Thickness change only) |~~~ """ """ e nm
Finite Ray Fans(units inmm) | - — . —._ 4800 nm

ORA 6-Jun- 88

Fig. 4. Finite ray fans of the modified design (the thickness were
changed. F/8, efl=108.17 mm).
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# 6. 7= AslE A=A 2 3xFF2HF/B, efl=100.15 mm, FOV=7")

(@ 2 9o} 35

No S Su S S Sy Co Cr
1 0.015422 —0.003704 0.000890 0.001716 —0.000626 0.006559 —0.001575
2 0.085628 0.017640 0.003634 0.001172 0.000990 0.009289 0.001914
3 —0.106096 —0.020694 —0.004036 —0.001690 -0.001117 -0.031178 —-0.006081
4 0.003550 —0.000483 0.000066 0.000078 —0.000020 0.004487 —0.000610
5 0.005414 0.002984 0.001645 0.000283 0.001063 0.011583 0.006384
6 —-0.007112 0.004192 —-0.002471 —0.004005 0.003818 —0.002942 0.001734
7 —0.000028 —0.000011 —0.000005 -0.000107 —0.000045 —0.001787 —0.000722
8 0.002058 —0.000366 0.000065 0.002679 —0.000488 0.004271 -0.000759
() Zt 9] 3xprA}
dA=zd S Su S S Sy Co Cr
A 1T 0.003917 —0.004256 0.002198 0.001560 0.000291 0.000740 0.000031
A 2+ -0.005082 0.003815 —0.002411 —0.001433 0.003285 —0.000457 0.000253
A A —0.001165 —0.000441 —0.000213 0.000127 0.003576 0.000283 0.000285
U 4oz BAE BAY RETOE FL2 FASHS BAF
A=
TANGENTIAL 100 RELATVE SAGITTAL
0.0500 lirrdivavd 0.0500 v. 2 =
R s 2 dpdMde FAL AZAE d99 g2 FAE 7
e A=A 2 WA E Pl TR, dlze] Wk
AFEEE S = o] dlzFe] HEAE upsA 2
~0.0500 ~0.0500 HEA F UeS Byt B dFdA 270e] Fo2 74
o FELATE ¥ telephoto lensAle] AR 7= HEHE S #83
0.0500 (2500)° 00500 hom, oz FAE WAAN A9 vladle FEHA <
FAEA e W3t 4SS AT + U
B A — i Sz AES =T Wil AESH 4 FAE
~ Ralshe wie] met 2go| A the FAL A=AS
AL 5 93, o] AZAELE 257, SHBHY, FoHANN
~0.0500 ~0.0500 9] Azt B 7] el S53EH EAo] 23 A}
S EAdo] fAlSHA "t o3l B Wgle] FetAe] 7]
0.0500 (0.000)° 00500 ZAA ¥y olle} BetA|lel §A nietyl Bftal=A oA
A W2FE HAA = A= o] /-8 A=
pe— I i F A B F3 o
B ATeM dTE d=2Te F/HRIZ HEE oY 7l
TOo 2 FAH B3EYA L A ¥ /8§ Aoz Ay
e 0050 7o, AAHQA A AeEe gog A% d7d
Modified Design dAe = 9lct
(Equivalent lens conversion) | Tt e
Finite Ray Fans(units in mm) e 480.0nm 228
ORA - Jun-98 =L

Fig. 5. Finite ray fans of the eqvialent lens system (F/8, efl=100.
15 mm).
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Generalized lens group conversion to their equivalent lenses
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The equivalent lens conversion is extended to lens group conversion, and the more generalized conversion method is
developed. The new conversion method can be used for the direct thick-to-thick lens conversion. By using the equivalent lens
conversion, a thin lens system can be converted into various thick lens systems which have different axial thicknesses, but
those converted lens systems have identical paraxial property and similar aberration characteristic. For an example, the
equivalent lens conversion technique is applied to modification of a telephoto lens design. The axial thicknesses of the front
group elements of the system are reduced to 75% of their original values. The modified design by using the equivalent lens
conversion has same focal length with original design, and it has smaller aberration changes than the other design of which
axial thicknesses are changed only.
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