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(b) Thin lens system

Fig. 1. Optical configuration of the thick lens system and the
thin lens system.
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Table 1. Optical characteristic of the materials

refraction  dispersion

name index constant maker remarks
BaK-2 1.53996 59.7 Schott Crown
SF-2 1.64768 33.8 Schott Flint

= SchottAle] BaK-2& A&t an, flintf2] 2+ Schott
Ate] SF2% Abgstdon), Ade) S4& Table 19) F)
sttt
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(b) Variation of S; for a fixed u;

Fig. 2. Variation of the third order spherical aberration as a

funtion of (w,, u,) for the case of Fraunhofer design (X
1000).
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(b) Variation of S; for a fixed u,

Fig. 3. Variation of the third order spherical aberration as a
function of (u;, u,) for the case of Steinheil design (x
1000).
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Fig. 4. Variation of the third order coma as a function of (uy, u,)
for the case of Fraunhofer design (X 1000).
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Fig. 5. Variation of the third order coma as a function of (i, u,)
for the case of Steinheil design (< 1000).
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Ao A (uy, u)e] WAgle] whE 3xp=ate] WS ’éﬁi‘]-‘i;&q
TASF3}, 39}, Petzval sum 18] 1 S Gale] A Lol=
27t A== d9o] EAstde. vhde 37139 3&—
ZA A 2 A7E A=A 9l7] W ol vt ”‘Fi
FolA|wl, SjZ434e P 0o etk Fig. 2-Fig.
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4.1. Fraunhofer type2| 41A|2} 0j|

Fig. 6(a)oll = Fraunhofer type2] AA| 72X 7R3} S,
Fut Sy, Petzval sum Sy, TAE2E C o] 242t 0] H& a7t
JEh} 9Tk Fig 6@9IA S, 87k B EE 9do] the
FAET BEE T 4 UL, FAFASE FREA FA
B3P AE Vi, TASA 2ok B e Vi)
ZAYE T & Ak Fig. 60)0IE FRSR S S4%5a7H
FAle) wRHE S UERIRen, Fig 60N TFRA
¢ Zuprt BAlG B HE S VERIIT

Table 29l = Fig. 6(b), (c)llA] 2F2] 3a}4=317} BAlo] B
¥ A, B, Co gfe AZAE A HA A= 24 FAS

Table 2. Design data of the Fraunhofer type doublets (efl1=1.0,
F/8, half field angle=2.0")

(a) Achromatic doublet A (solution A)

c d n
1.01242283 0.010 1.53996
—3.26804884 0.005 1.64768
—1.24670066
(b) Achromatic doublet B (solution B)
c d n
2.07492324 0.010 1.53996
—2.21002597 0.005 1.64768
—0.18083429
(c) Aplanatic doublet C (solution C)
c d n
1.61316020 0.010 1.53996
—2.40440892 0.005 1.64768
—0.60125932
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Fig. 6. The Fraunhofer type solutions corrected for the third order aberrations.

Table 3. The third order aberrations of the Fraunhofer type doublets (efl=1.0, F/8, half field angle=2.0")

S Su Sm Sw Sy Co Cr
Achromat A —2.94855¢-08 8.12514e-06  4.64522¢-06 3.36451e-06  —5.88179¢-08  2.19246e-08 —8.87748e-08
Achromat B 1.87425¢-07 —7.12128e-06  4.75873e-06 3.35730e-06  —1.25689¢-08  2.02642¢-07 8.17612e-08
Aplanat C 2.64339¢-08 1.77509e-09  4.71481e-06 3.33397¢-06  —3.20361e-08  7.20530e-06  —1.49363¢-08

%‘.Z:ﬁ]i ﬂ%’:?} Zﬂ'?_°] L}E}L} Al‘:]r- i) gk A=A ’S
Al A= achromatic doublet A, Be] PRG-I} FANL4=3)
I8} 1 aplanatic doublet C2] TR F1e} Hnl= B% (o] %]
7 FAL d=A2 HEEmA ozte] $£a7) TAslRch
a3 Fatgke] AT|HEd AL dzAZ sl
3ArA7E & B e A B 4 gtk Table 3(b)ollA]

Table 4. Design data of the Steinheil type doublets (efl=1.0, F/8,
half field angle=20")

(a) Achromatic doublet D (solution D)

c d n
1.75236514 0.005 1.64768
3.78029876 0.010 1.53996

—0.50572803
(b) Achromatic doublet E (solution E)

c d n
2.49823615 0.005 1.64768
4.53541925 0.010 1.53996
0.24731148

(c) Aplanatic doublet F (solution F)

c d n
2.22677257 0.005 1.64768
4.16034595 0.010 1.53996

—0.00740499

achromatic doublet A, Be] 7-$-2] T74-& d=2A e TR}
9} FA 42}, 18] 31 Table 3(c)ol| 4] aplanatic doublet C2] 7
29 $Ae A=A PR 2ok} B BAs Y
< & 4 9ot

Fig. 70l Fraunhofer type9] Ad#A|o|A] achromatic
doublet A, B} aplanatic doublet Co| €3 H%217} e}
St} Fig. 7(a)ell A b33 itz @ oA
d-Ael FFHFAHLSAYL & P H] 9la C-A7 F-A o
TR0l N2 S ol FA5A) F wA o
& 4 5 gom, ge 20 YIAzAN $48 1A
i °] = & A=A Z A3 E T/ & A=A A 33}
Fat7} é_} HARD & A& 4 I & < AU} Fig. 7(a),
(0)2] A%} BO] ol A 3x} THEAS} FAFEAEH L A9
B7t A2 AR g Be] 7 %71 OSCloffense against sine
condition)7} Ao T 58 2 Helt} Fig. 7(c)& aplanatic
doublet C2] @#A5}o]], FA52e 2 Bgs] 9l
A FATE d-A 9] :rltﬁ—)r‘"x}gr OSCe # HAso 9l &
T Yot

4.2. Steinheil type2| & AHI9] O

Fig. 8(a)oll= Steinheil type] AAFZA FTHER} S,
o} Sy, Petzval sum Sy, M43} C 0] 24z} 00 H & 87}
LEbL} Stk Fig. 8(a)oll A Spel A4, a7t BAE e g e
g FAEdE tan, A5} PAFar $AY B

Table 5. The third order aberrations of the Steinheil type doublets (efl=1.0, F/8, half field angle=2.0")

Sl Sl[ SIII SlV SV CL CT
Achromat D —4.53505¢-08 7.34894e-06  4.67793e-06 3.36146e-06 —2.68640e-08 1.11063¢-07 9.82900e-09
Achromat E 2.45213¢-07 —3.35864e-06 4.73518¢-06 3.34762¢-06 6.09236e-09  4.29819¢-07 1.29427e-07
Aplanat F 1.17829¢-07 3.55236e-08  4.72054e-06 3.34060e-06  —5.39180e-09  3.51179¢-06 8.20724e-08
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(c) Aplanatic doublet C (solution C)
Fig. 7. Finite ray aberrations of the Fraunhofer type doublets.
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Fig. 9. Finite ray aberrations of the Steinheil type doublets.
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Fig. 8. The Steinheil type solutions corrected for third order aberrations.
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(b) Achromatic solutions ( $;= C; = 0) (c) Aplanatic solution ( S;= Sp=10)
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Optical Design of Cemented Doublets by Using Equivalent Lens System
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The equivalent lens conversion technique is applied to design achromatic doublet and aplanatic doublet. A thin doublet
which has zero axial thicknesses, are corrected for the third order aberrations at first, and the thin doublet is converted intc
thick lens system by using the equivalent lens conversion. Two types of cemented doublets, the Fraunhofer type and the
Steinheil type, are designed by using a crown glass BaK-2 and a flint glass SF-2. In the thin doublet design, there are twc
achromatic solutions and a aplanatic solution for the both types.



