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% 1. Thermal properties of optical materials and mou-
nts.

Materials Exp. Coefficient dn/dT
(X1077/C) (X10-5/C)

BK7 71 1.7
SK16 63 0.6
F, 82 29
SiO;, 5 10.0
PMMA 630 —110
GERMANIUM 61 396
Al 7075 236 —
Al 6061 234 -
SS 416 99 -
INVAR 35 5.6 —
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23 5. Ray aberrations of Tessar lens at 20C.

TESSAR LENS WITHOUT R A
o MQUNT LEAKAGE AT 20C P fo 7 riEo (880 655 3 w1
% 2. The lens data of Tessar type at 20C. o sesmen ] e
No. Radius  Thickness Glass Apertures TSR -
i RS
SRR
Obj Infinity Infinity ’ ST
1 36.8344 80000  LaK9 14933 . >~ T~
2 —81.3776 1.0615 LLF1 13.780 . ~ ™~
3 1134842 104448 13.125 -~
4 56.6150 2.8035 SF7 10.841 >
Sto 34.0303  10.7703 10.462 ’
6 98.6494 4.9487 LaK9 11.712 ’
7  —525375  77.8536 12.027 e *
Img Infinity 0.0000

23] 6. The MTF of Tessar lens at 20C.

3 3. Thermal expansion and refractive index gradients for each component.

Radius Thickness Glass
No. Exp. Coefficient Exp. Coefficient dn/dT (1075/C)
(X10°7/C) (X10°7/C) 656.3 nm 546.1 nm 486.1 nm
1 63.929 63.929 2.06 2.50 2.85
2 81.786 81.786 1.26 1.80 2.36
3 81.786 236.000 - — —
4 79.714 79.714 3.34 4.10 5.04
5 79.714 236.000 - - -
6 63.929 63.929 2.06 2.50 2.85
7 63.929 236.000 - - —




LAF=ES AAFZ 93 Athermalized Tessard #l ZAJA —wa}Ad=zl . 23

(-]

IMAGE
PLANE

213 7. The mounting structure of Tessar lens, (a) wi-
thout mount leakage (b) with mount lea-
kage.
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7% 8. Ray aberrations of Tessar lens without mount
leakage at 40C.
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£ 4. The lens data of Tessar type without mount lea-
kage at 40C.

No. Radius  Thickness Glass Apertures
Obj Infinity Infinity Air* -

1 36.8389 8.0010 LaK9* 14.940

2 —81.3895 1.0617  LLF1* 13.800

3 1135056  10.4502 Air* 13.132

4 —56.6240 2.8039 SF7* 10.846
Sto 34.0357  10.7757 Air* 10.467

6 98.6620 49493  LaK9* 11.717

7 —52.5442  77.8904 Air* 12.033
Img Infinity 0.0000 - -

¥ 5. Refractive index of materials at 40C and 760
mmHg.

Materials 656.3 nm 546.1 nm 486.1 nm
Air* 1.000254 1.000256 1.000257
LaK9* 1.687662 1.694524 1.700321
LLF1* 1.545010 1.551445 1.557025
SF7* 1.634898 1.644708 1.653436

# 6. The lens data of Tessar type with mount leakage
at 20C.

No. Radius Thickness Glass Apertures
Obj  Infinity  Infinity -

1 36.8344 8.0000 LaK9 14.933

2 —81.3776 1.0615 LLF1 13.780

3 1134842  76.3099 13.125

4 Infinity —65.8652 dummy surface

5 —56.6150 2.8035 SF7 10.841
Sto 34.0303 10.7703 10.462

7 98.6494 49487 LaK9 11.712

8 —52.5375 77.8536 12.027
Img Iinfinity 0.0000 -
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i, 1A% 9] link Ze] L& 75543 mm7} 5™ &
62 1 Aot} & 69 = datad 20T o4 40C &
kol whal FdsbAd L ARSARl ASY A=
datal= % 7o]w 23 103} 2% 11L& 40C o9 3
Aalz g MTF F4olr}h. 28 1004 B 5= gl5o]
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E 7. The lens data of Tessar type with mount leakage

at 40T.

No. Radius Thickness Glass

Apertures

Air*
LaK9*
LLF1*

Air*

Obj Infinity
8.0010
1.0617

76.3250

—65.8959

2.8039
10.7757
4.9493
77.8904
0.0000 -

Infinity
36.8389
—81.3895
113.5056
INFINITY
—56.6240
Sto 34.0357
7 98.6620
8 —525442

Img Infinity

o W

14.940
13.800
13.128
dummy surface
10.846
10.467
11.717
12.033

TESSAR LENS WITHOUT
MOUNT LEAKAGE AT 40C
GEDME TRICAL MIF

SN 5-Jan-93

....... DIFFRACTION LINiT
ax1s

—— ——lo 70 1080

—— —{iosEo 11z 500

AAVELENGIN  mETGHT

a8 3 e 1
S48 1 2
s g ow

DEFOCUSING -0 20000

2 8
SPATIAL FREQUENCY (CYCLES/MMI

23
8
3
u
235 5
32
7
37
1
$aa N
N
~
~. ~—
»
—
2
g B E)

238 9. The MTF of Tessar lens without mount lea-

kage at 40TC.

ASTIGMATIC

FIELD CURVES
L)
10

LONGTTLOINAL
SPMERICaL ABER

DISTORTION

066
20

e

e 02

5 oas 3am tm w2 23 oz
FOCUS LM TERS) FOCUS MILL IMETERSI

as 66 o 100
% DIstoRTION

TESSAR LENS WITH MOUNT LEAKAGE AT 40C

SUN  5-Jan-93

28 10. Ray aberrations of Tessar lens with mount

leakage at 40C.
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The Design of athermalized Tessar Type by Optimization of
Mounting structure and Materials
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When environmental changes are occured, the analytic approaches to the reset and compensation
of a optical system are presented. It is shown that the temperature change is the most impotant
factor among the environmental changes, and useful discussion for athermalization were given. Finally
we could obtain thermally stable Tessar system by optimization of mounting structure and materials.



