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­f 2® "Ò¢ �Ï� Telephoto Lensê~ >N�C

^&CÁ�«ë†

Ó"&�v ;�VF��¦ .�&7;���*�

Ö 360-764 Ï§ Ó"� ç�� Ú{ÿ 36®æ

;WR

��&�v Î�"�&� *¶bÒ*�
Ö 330-714 ÏÎ Ân� nBÿ Ö 29®æ

(2002j 4ú 4¢ Ar, 2002j 6ú 26¢ >;� Ar)

2
 7�2®f �2®� �WB 2� 2®ê~ ��>N, zî, «ï>N �;j *� 3N>N *B�j ­f2® "Ò¢ �
Ï~� �C'b� Fê~&
. FêB 3N>N *B�f telephoto 2®ê~ Jêö 'Ï>î
. .VJêöB 7�FÒ ��f
crown-flint-crown ��" flint-crown-flint ��ö &~� �Ò~&
. Crown-flint-crown ��~ ãÖ 2&æ ;�~ achromatic
aplanat� �Ò~&
. Flint-crown-flint ��~ ãÖöBê 2«~~ �& �Ò~&b¾, �~ ;�& FÏ~æ á~&
.
"BÚ : optical system design, telephoto-lens, thin lens approximation, achromatic aplanat.

I. B �

Telephoto lensº B�B ãÛ^�¢ &æº ÒêVöB .

6�Ò& Z 2®ê& jº�ö V¢ BB>î�, ·~ �.

Ëj &æº B1�" r~ �.Ëj &æº B2�b� �WB


. � 2®êº 1834j Barlow[1]ö ~� � öÒ& �n>

îb�, Buschf Dallmeyerö ~� BBB telephoto 2®º

'' ·" r~ �72®� �W>îº� zonal spherical

aberration� ��, F/>& 5.6b� B�>Ú ®
.[2] �ê Lee

ö ~� BBB 7�êº air-space meniscus¢ ÒÏ~� F/>

& 5.0b� ·jæ�, ��>Nê ç�® ¾ �;>î
.[3]

Telephoto-ratioº efl" *Ú^�(over-all length)~ j��, &

¦ª~ telephoto 2®º telephoto-ratio& 0.75öB 0.858j

<æò[4] Matsuiö ~� BBB telephoto 2®º F/>& 2.8

��, telephoto-ratioº 0.9~0.96b� .6�Ò& 
Ö ^�, �

ã� ��Bê ±f WËj ��"� ®
.[5] �ÚöBº *,

ê�� 2
 7�2®� �WB telephoto; �öã &b2®¢

moduleê� >N�;j ~� JêB: ®
.[6,7] Telephoto

lensº �öã &b2®¾ 35 mm ÒêVÏ 2®� "� ÒÏ

>�, *&~ &¦ª~ camera 2®
f ·" r~ 2®
~

��b�B, êÏ� ~�öB~ telephoto lensº jîæò *

Ú'b� over-all length& 6²~º OËb� Jê>Úæ�

®
.[8] Òê2® öò jî¢ telecentric system,[9] zoom 7

�ê�ê B®~ ²;z¢ *� telephoto lens~ ;�¢ &æ

º ãÖ& ®
.

7�Jêº ;ç Jê, 3N>N¢ "Ò'b� �;~º V

.Jê, �'z¢ Û� >N�;~ Bb� ê¯B
. ÎN'�

Jê �'z¢ *~� 3N>N¢ �;~º O»" �;B �

& �Ò~º '�ö &~� ôf ��& ��Úæ� ®
.

� ��öBº 2� 3
~ 2®�WöB ­f2® "Ò¢ Û

~� ï>N, ��>N, zî¢ �;~º O»j ��~� �

¢ telephoto;~ 2®Jêö 'Ï~&
. Telephoto 2®êº

eflj 100 mm� �Ïz~&� 3
~ 2®� �W>Ú >N�

;ö �ê& ®bæ� �ãjº 5.6, �ê'f 15o� J;~

&
. ­f 2®ê� "Ò~� ��>N, zî, «ï>N& �

;B �º �&2® æ~»[10-12]j ÒÏ~� vâÚ 2®� æ

~~&
. Telephoto 2®ê~ JêöBº �*�Ò~ æzf

7�FÒ~ ��ö V� º~>N~ æz¢ �Ò~&
.

II. Telephoto 2®ê~ 3N >N
 

2.1. 2� 3
 telephoto 2®ê
Fig. 1f � ��öB ÒÏB 2� 3
 telephoto lens~ ;

��
. B 1�f 2
 7�2®� �W>� B2�f �2®�

�W>î
. 2®êº �V7ö ¹� ®b�, �ÒBº B 1�

ö ¹�®
. n0, n1, n2, n3, n4, n5º ' �öB~ �.ê


î~ �.���, Fig. 1öB n0, n3, n5º �V7�æ� Î

v 1� B
. u0º 1�b� «Ò~º marginal ray~ "»',

n1, n2, n3, n4, n5º ' �öB �.B 7F~ "»'�
. H'

º 2®ê~ B2"º��� f'f 2®ê~ FÎ.6�Ò, κº
telephoto-ratio, κf'f 2®ê~ *Ú^�� over-all length�
.

Telephoto-ratioº over-all length¢ FÎ.6�Ò� ¾. 8�

� Ûç'b� 0.75~0.85 º*~ 8j <º
. Fig. 1~

telephoto 2®êº B 1�� ·~ �.Ëj, B 2�f r~ �

.Ëj <² >Ú FÎ.6�Ò& over-all length �
 ^Úæ

² B
.
†E-mail: julee@chongju.ac.kr
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Fig. 1öB ' �~ �.Ë~ V~º FÎ.6�Ò f',

telephoto-ratio κ, �*~ �Ò d& "Úæ� 
r~ (1), (2)

�b�¦V �� > ®
. 

(1)

(2)

*öB ff'f B1�~ FÎ.6�Ò, fr'f B2�~ FÎ.6�

Ò�
.

2.2. 2� 3
 telephoto 2®ê~ 3N >N

7�ê~ V.JêöBº 3N>N¢ "»7�' bÒïb�

"Ò~� êÖ>º Seidel >N& ÒÏ>� ®
. 2� telephoto

2®ê~ 3N>Nº B1�~ >NV�ª" B2�~ >NV�

ª~ �b� "Úê
. � ��öBº �ÒB& B1�~ B1

�ö ®º ©b� &;~&b�, 
r�öB Î¶ fº B1�~

Seidel >NV�ªj ¾æÞ
.Î¶ rf B2�öB �ÒB&

B2�~ B1�ö ®º ãÖö &� Seidel >N��, (3)~(9)

�öB B2�~ >NV�ªf �ÒB~ �ÿö ~� >Næz

ïj �J~� �*>î
.[13] (3)~(10)�öB h1f marginal

ray& B1�ö «Ò~º ¸���, h2º B2�ö «Ò~º ¸

�, Hº 7�ê~ Lagrange ®æï�
.

SI = SIf + SIr (3)

SII = SIIf + SIIr + (HE)SIr (4)

SIII = SIIIf + SIIIr + 2(HE)SIIr + (HE)2SIr (5)

SIV = SIVf + SIVr (6)

SV+ SVf+ SVr + (HE)(SIVr + 3SIIIr ) + 3(HE)2SIIr + (HE)3SIr (7)

CL = CLf + CLr (8)

CT= CTf+ CTr + (HE)CLr (9)

(10)

* �öB (HE)& ��B �f �ÒB �ÿö ~� B2�~

>Næz�
.

B1�f vþ& 0� 7�2®� &;~�, B1�~ 3N>N

º 
r" ?
.

(11)

(12)

(13)

(14)

(15)

(16)

CTf= H(γ3− γ0) = 0  (17)

(18)

(18)�öB γº 2® Òî~ ªÖj ¾æÚº parameter��,

ndº d-F~ �.�, νdº ªÖç>�
.

B2�b� vþ& 0� �2®& ÒÏ>�, �ÒB& B2�

~ 1�ö ®j r~ 3N>Nº 
r" ?
.

(19)

(20)

(21)

(22)

SVr = 0 (23)

ff′=
f′

f′ 1 κ–( ) d+
------------------------------

fr ′=
κf′ d–( ) ff′ d–( )

ff′ κf′–
----------------------------------------

E=
d3

h1h2n3

-----------------

SIf=h1

n1

n1 1–( )2
----------------------

n1n2
2

n1 n1–( )2
------------------------–

 
 
 

u1
3
+

n1n2 n1 2n2+( )
n2 n1–( )

-------------------------------------u2u1
2

n1n2 2n1 n2+( )

n2 n1–( )2
-------------------------------------– u2

2
u1+

n1
2
n2

n2 n1–( )2
------------------------

n2

n2 1–( )2
---------------------–

 
 
 
 
 

u2
3

+
n2 n2 2+( )

n2 1–( )2
-------------------------u3u2

2 n2 2n2 1+( )

n2 1–( )2
-----------------------------– u3

2
u2+

n2
2

n2 1–( )2
----------------------u3

3

SIIf =H
n1 n2 1–( )

n1 1–( ) n2 n1–( )
-----------------------------------------

 
 
 

u1
2 n2 n1+( )

n2 n1–( )
----------------------– u2u1

+
n2 n1 1–( )

n2 n1–( ) n2 1–( )
-----------------------------------------u2

2
+

n2 1+( )
n2 1–( )

-------------------u3u2

n2

n2 1–( )
-------------------– u3

2

SIIIf =
H

2

h1
------u3

SIVf=
H

2

h1
------ 1

1
n2
-----– 

  u1 1
1
n1
-----– 

 – u2+ 1
n2
-----u3

 
 
 

SVf=
H

3

h1
2

-------
1

n0
2

----- 1

n3
2

-----–
 
 
 

= 0

CLf=h1

n1γ1

n 1–( )
----------------

n1n2 γ2 γ1–( )
n2 n1–( )

---------------------------------–
 
 
 

u1

+
n1n2 γ2 γ1–( )

n2 n1–( )
---------------------------------

n2γ2

n2 1–( )
-------------------–

 
 
 

u2+
n2γ2

n2 1–( )
-------------------u3

γ= δn
n
------=

nd 1–

ndνd

--------------

SIr =h2

n4 n2 2+( )
n4 1–( )

------------------------- u5 u3–( )u4
2 n4 2n4 1+( )

n4 1–( )2
-----------------------------– u5

2
u3

2
–( )u4

+
n4

2

n4 1–( )
------------------- u5

3
u3

3
–( )

SIIr =H
n4 1+( )
n4 1–( )

------------------- u5 u3–( )u4

n4

n4 1–( )
-------------------– u5

2
u3

2
–( )

SIIIr = H
2

h2
------ u5 u3–( )

SIVr=
H

2

h
2

------
1
n4
----- u5 u3–( )

 
 
 

Fig. 1. Optical layout of the telephoto lens system.
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(24)

CTr = H(γ5− γ3) = 0 (25)

2.3. 2� 3
 telephoto 2®ê~ >N�;

­f 2� 3
 telephoto 2®ê~ Jê��� "Úæ� '

�~ �.Ë~ V~& Ö;>� "»' u0, u3, u5& Ö;>�,

(3)~(25)�b�¦V ''~ 3N>Nº "»' (u1, u2, u4)~

�>� "Úê
. ÒÏ>º 2®~ Òî� Îv Ö;>�, Fig.

1~ telephoto 2®êöBº "»' (u1, u2, u4)& Jêæ>�

ÒÏF > ®b�, �¢ �Ï~� 3«~ >N�;� &Ë~
.

(8), (16), (24)�öB *Ú7�ê~ «ï>Nº

CL = CLf + CLr = 0 (26)

(27)

�æ�, «ï>N~ �;��f 
r" ?
.

(28)

(29)

(28)�öB «ï>N~ �;��f u4fº Z&~�, u2º u1

~ �>� "Úê
.

(3), (11), (19)�öB *Ú7�ê~ ��>N~ �;��f


r" ?
.

SI = SIf + SIr = 0 (30)

(31)

 (32)

* �öB ��>Nº u4~ 2N �b� "Úê
. V¢B (u1,

u2)& "Úr
� &;~� ��>N~ �;��f

SI = e1u4
2 + e2u4+ e3 (33)

(34)

��, u4ö &~� 
r" ?f 2B~ �& �Ò� > ®
.

branch 1 : 

branch 2 :  (35)

D = e2
2 − 4e1e3 (36)

(4), (12), (20)�öB *Ú7�ê~ zî>N SII~ �;��f


r" ?� "Úê
.

SII = SIIf + SIIr + (HE)SIr = 0 (37)

(38)

«ï>N~ �;��öB u2º u1~ �>� "Úê
. �Ò�

"Úê u1ö &~� (32)�~ ��>N �;��öB u4& Ö

;>V r^ö, (37)�f u1ò~ �>& B
. V¢B u1j

æz�Ê� SII& �;>º �¢ db�, 3«~ 3N>N& Î

v �;B �¢ áj > ®
.

III. Telephoto  2®ê~ Jê

3.1. Jê��
� ��öB ÒÏB telephoto 2®êº 1�� 2
 7�, 2

�� �2®��, 7�ê *Ú& �V7ö ¹� ®b�, �Ò

Bº B1�ö *~�
. JêB 2®º efl� 100 mm, >�ê

'� 7.5o� ÒêÏ 2®��, 2®& 3
� �W>æ� >N

�;~ �ê& ®Ú �ãjº F/5.6b� ~&
. .VJêöB

CLr=h2

n4γ4

n4 1–( )
------------------- u5 u3–( )

CLf=h1

n1γ1

n1 1–( )
-------------------

n1n2 γ2 γ1–( )
n2 n1–( )

-------------------------------–
 
 
 

u1

+
n1n2 γ2 γ1–( )

n2 n1–( )
-------------------------------

n2γ2

n2 1–( )
-------------------–

 
 
 

u2+
n2γ2

n2 1–( )
-------------------u3

CLr=h2

n4γ4

n4 1–( )
------------------- u5 u3–( )

u2=
b2u1+b3+a1b4

b1
--------------------------------------- , a1=

h2

h1
-----

b1=
n1n2 γ2 γ1–( )

n2 n1–( )
---------------------------------

n2γ2

n2 1–( )
-------------------–

b2=
n1n2 γ2 γ1–( )

n2 n1–( )
---------------------------------

n1γ1

n1 1–( )
-------------------–

b3=
n2γ2

n2 1–( )
-------------------u3–

b4=
n4γ4

n4 1–( )
------------------- u3 u5–( )

SIf=h1
n1

n1 1–( )2
--------------------

n1n2
2

n2 n1–( )2
-----------------------–

 
 
 
 
 

u1
3
+

n1n2 n1 2n2+( )

n2 n1–( )2
-------------------------------------u2u1

2

n1n2 2n1 n2+( )

n2 n1–( )2
-------------------------------------– u2

2
u1+

n1
2
n2

n2 n1–( )2
-----------------------

n2

n2 1–( )2
--------------------–

 
 
 
 
 

u2
3

+
n2 n2 2+( )

n2 1–( )2
-------------------------u3u2

2 n2 2n2 1+( )

n2 1–( )2
-----------------------------– u3

2
u2+

n2
2

n2 1–( )2
--------------------u3

2

SIr =h2

n4 n4 2+( )

n4 1–( )2
------------------------- u5 u3–( )u4

2 n4 2n4 1+( )

n4 1–( )2
-----------------------------– u5

2
u3

2
–( )u4

+
n4

2

n4 1–( )2
---------------------- u5

2
u3

2
–( )

e1=
a1n4 n4 2+( )

n4 1–( )2
------------------------------- u5 u3–( )

e2=
a1n4 2n4 1+( )

n4 1–( )2
----------------------------------- u3

2
u5

2
–( )

e3=
a1n4

2

n4 1–( )2
---------------------- u5

2
u3

3
–( )

SIf

h1
------+

u4=
e2– D+

2e1
------------------------

u4=
e2– D–

2e1
------------------------

SIIf = H
n1 n2 1–( )

n1 1–( ) n2 n1–( )
-----------------------------------------

 
 
 

u1
2 n2 n1+( )

n2 n1–( )
----------------------– u2u1

+
n2 n1 1–( )

n2 n1–( ) n2 1–( )
-----------------------------------------u2

2
+

n2 1+( )
n2 1–( )

-------------------u3u2

n2

n2 1–( )
-------------------u3

2
–

SIIr =H
n4 1+( )
n4 1–( )

------------------- u5 u3–( )u4

n4

n4 1–( )
-------------------– u5

2
u3

2
–( )
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7�FÒ~ F�f 
·� ��� &Ë~æò v ®� 2®¢

V&b� &�' V~¢ &æº crown-flint-crown(C-F-C) �

�" flint-crown-flint(F-C-F)~ ãÖö &�Bò �Ò~&
.

Crown FÒ�º BaK-2, flint FÒ�º SF-2¢ ÒÏ~&
.

JêBö" Òî~ ßWf Table 1ö ;Ò~&
.

Telephoto-ratiof �*�Ò d& "Úæ� B1�" B2�~

FÎ.6�Òº (1), (2)�b� "Úê
. FÎ.6�Ò& 100

mm�� telephoto-ratio& 0.8� ãÖ, �*�Ò dö V� '

�~ .6�Òº Fig. 2f ?
. Fig. 2öB d& 40 mm¢ r

B2�~ �.Ë� &Ë ·b�, d& 52.1 mm�� B1�" B

2�~ �.Ë~ .&8� ?
.

3.2. Achromatic aplanat~ �Ò'�" ßW

2� 3
 telephoto 2®êöB �*�Ò d¢ æz�Ê�B ­

f2® "Ò¢ Û~� ��>N, zî, «ï>N& Îv �;

B �~ �Ò'�j �~� �� Fig. 3, 4f ?
.

Fig. 3f B1�~ Òî� BaK-2, SF-2~ Bb� ÒÏ~�,

B2�f BaK-2¢ ÒÏ� crown-flint-crown(C-F-C) ���

ãÖ��, Fig. 4º B1�öB SF-2, BaK-2¢ ÒÏ~�, B2

�f SF-2¢ ÒÏ� flint-crown-flint(F-C-F) ���
. Fig. 3

~ C-F-C ��~ ãÖ (35)�~ branch 1� branch 2�
 z

9f º*~ �¢ <� ®
. 

Fig. 4~ F-C-F ��~ ãÖ (35)�~ branch 1 '�öBò

�& �Ò~�, C-F-C ��ö j~� �~ �Òº*& §rj

r > ®
. Fig. 3öB A, Bº B2�~ �.Ë� &Ë ·f

ãÖ� r~ �¢ ¾æÚ� ®�, C, Dº B1�" 2�~ �

.Ë~ .&8� ?f ãÖö ��~º ��
. Table 2öº

A, B, C, D~ JêBö� ¾æ¾ ®b�, FÎ�ã(clear

aperture)f F/5.6, >�ê' 7.5o� 7�ê~ �Wö jº�

2®�~ �ã��, D~ ãÖº B2�öB jº� FÎ�ãö

j~� ��>ã� ·j 
Ï'� 7�ê& �W>æ pº
.

Fig. 5º Fig. 3~ achromatic aplanat~ �öB j6>Nf

ç�ò�~ æz¢ ¾æÚ�, branch 1öB u1~ .&8� ·

f �& 
� ��
 j6>Nf ç�ò�� ·rj r > ®


. �¢ �J~� Jê~ �'zöBº branch 1~ � B, C

¢ .VJê� ÒÏ~&
. Fig. 5öB �*~ �Ò¢ æ>�

ÒÏ~� j6>N, 6º ç�ò�� º&� �;B �¢ á

j > ®b¾ �*~ �Ò& .Z ^Ú^ 
ÏW� &~>º

^B6� ®
.

Table 3f Fig. 3~ A, B¢ 2®~ vþ& '' 3.5 mm,

2.5 mm, 2.5 mm& >ê� vâÚ 2®� æ~~&j r~ J

êBö�
. Table 3öB ��>N, zî, «ï>N& 0� >

æ pf ©f 2®~ vþ¢ 0b� "Ò~� >N¢ �;~&

Table 1. Design specification and optical characteristic of the
materials

effective focal length :  100 mm

F-number
Half field angle
Image height
Glass

: 5.6 
: 7.5o

: 13.17 mm
: BaK-2 (nd= 1.53996, νd= 59.7)
: SF-2 (nd= 1.64768, νd= 33.8)

Fig. 2. Variation of group powers as a function of group separation.

Fig. 3. The achromatic aplanat solutions for the case of crown-flint-
crown combination (I: solution for maximum |fr'|, II:
solution for ff' = |fr'|).

Fig. 4. The achromatic aplanat solutions for the case of flint-crown-
flint combination.
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V r^ö �Z N��
. 6� ­f 2®öB vâÚ 2®�

æ~~º ";öB telephoto-ratio κ& 0.8öB '' 0.845,

0.82� æz~&
. Fig. 6f � A, B~ ;���, 2�~ ã

Öö ®Ú Aº Îv ·~ ��j &æº meniscus, Bº r

~ ��j &æº meniscus ;�¢ &æ� ®
. Fig. 7f �

A, B~ F�7F>N¢ ¾æÚ� ®b�, ç�ò�~ ãÖ �

B& � A�
 1/4 ;ê B�~� B� ¦^& >&�
. �

�>N~ ãÖ A, B Îv � N�& ìrj " > ®
. 

Table 4º B1�" 2�~ �.Ë~ .&8� ?�, d = 52.1

mm� � C¢ vâÚ 2®� æ~� JêBö�
. vâÚ 2

®� æ~~º ";öB κº 0.8öB 0.825� æz~&
.

Table 4~ � Dº 2�öB jº� FÎ�ãö j~� ��>

ã� ·j 
ÏW� ì
. Fig. 8(a)º � C~ ;���, (b)

º F�7F>N�
. Fig. 3, 5öB ­f2® "Ò� êÖB

j6>Nf ç�ò�f � C& � Bö j� ·f ©b� ê
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Fig. 5. Astigmatism and field curvature of the achromatic
aplanat solutions for the case of crown-flint-crown
combination.

Table 2. Thin lens solution of the achromatic aplanat A, B, C and D
in Fig. 3

(a) Solution A

curvature radius thickness glass clear aperture

45.356  0.000 BaK-2 17.86
−26.853 0.000 SF-2 18.40
−91.134 40.00
138.733  0.000 BaK-2 17.49
32.940

(b) Solution B

curvature radius thickness glass clear aperture

27.379  0.000 BaK-2 17.86
−43.931  0.000 SF-2 18.48
285.355 40.00
−16.656 0.000 BaK-2 17.01
−27.110

(c) Solution C

curvature radius thickness glass clear aperture

32.719 0.000 BaK-2 17.89
−38.467 0.000 SF-2 18.42

−4984.448 52.10
−17.275 0.000 BaK-2 18.00
−30.895

(d) Solution D

curvature radius thickness glass clear aperture

37.731  0.000 BaK-2 17.89
−33.271 0.000 SF-2 18.37

−234.720  52.10
11.438  0.000 BaK-2 14.15
8.854

Fig. 6. Optical layout of the solution A and B.
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Table 3. Design data of the achromatic aplanat A and B after thick lens conversion

(a) Solution A

curvature radius thickness glass clear aperture

45.356  3.500 BaK-2 17.85
−26.126 2.500 SF-2 18.12
−87.577  35.30
149.680 2.500 BaK-2 17.67
33.326

(b) Solution B

curvature radius thickness glass clear aperture

27.379  3.500 BaK-2 17.86
−41.962  2.500 SF-2 18.19
265.088  38.20
−14.824  2.500 BaK-2 16.81
−23.904

(c) the third-order aberrations of thick lens

SI SII SIII SIV SV CL CT

Solution A −0.00014 −0.00059 0.02225 0.00324 0.04248 −0.00005 0.00338
Solution B 0.00549  0.00250 −0.00203 0.00183  0.03431 0.00062 0.00372

Table 4. Design data of the achromatic aplanat C and D after thick lens conversion.

(a) Solution C

curvature radius thickness glass clear aperture

32.719 3.500 BaK-2 17.86
−37.024 2.500 SF-2 18.16

−4693.869 50.40
−15.192 2.500 BaK-2 17.95
−26.243

(b) Solution D

curvature radius thickness glass clear aperture

37.731 3.500 BaK-2 15.47
−32.168 2.500 SF-2 15.72

−222.242 42.31
15.036 2.500 BaK-2 17.79
10.237

(c) the third-order aberrations of thick lens

SI SII SIII SIV SV CL CT

Solution C −0.00360 0.00134 −0.00414 0.00105 0.04494 0.00067 0.00310

Solution D 0.00017 −0.00019 −0.02451 −0.00165 0.22597 0.00007 0.00331

Fig. 7. Finite ray aberrations of the solution A and B.
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Fig. 8. Optical layout and finite lay aberrations of the solution C.

Fig. 9. Optical layout of the optimized solution B and C.

Table 5. Optimized design data of the solution B and C in Fig. 3.

(a) Solution B

curvature radius thickness glass clear aperture

28.875  3.400 BaK-2 17.86
−45.211 2.500 SF-2 18.18
245.852 40.10
−15.991 3.000 BaK-2 17.62
−23.119

(b) Solution C

curvature radius thickness glass clear aperture

31.751 3.500 BaK-2 17.90
−42.470 2.500 SF-2 18.20
556.932 45.50
−17.005 2.500 BaK-2 18.18
−25.195

 Fig. 10. Finite ray aberrations of the optimized solution B and C.
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Aberration analysis of telephoto lens system by using thin lens approximation
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We derived analytic formulae for the correction of spherical aberration, coma, and axial color of a two-components lens system
consisted of a cemented doublet and a singlet by using the thin lens approximation. The correction formulae were applied to
design a telephoto lens system. We examined two kinds of glass combinations in the design, one was crown-flint-crown
combination and the other was flint-crown-flint combination. We found two kinds of achromatic aplanat solutions in the crown-
flint-crown combination. For the case of flint-crown-flint combination, there were also two kinds of solutions, but their
configurations are not useful in practice.
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