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4.1 glass map
glass line
4.2.2 thermal coefficients
OSLO
tem °C pre
atm 20° C 1
tem 40 40° C pre 0.9
0.9 global variables Tem
Pre +tem
Show>>Operating

Condition>>General menu command

1.0
OSLO Schott
mounting spacer expand
axial thickness
L(T + AT)=(1+AT)L(T)
L T
a OSLO TCE
1x107"
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tce
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TCE 0

(Athermalization)
Athermalization

OSLO
(Thermal expansion) (Thermal variation of
refractive index)
4.8 Schott Ohara
Corning TCE
Schott
Private
Shared
tem General Operation
Conditions spreadsheet Temperature tem
tem temperature apply-thermal-expansion temperature
°C =20° C apply-thermal-expansion Yes
No General

Operation Conditions spreadsheet

OSLO
(
)
(laser doublet) public \len \demo
\usrguide \ lasrdblt.len F9 4.2
Operating conditions: General
20° C REFRACTIVE INDICES
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TCE AIR 1.0
TCE 236.0x107

*COWMDITIONS: GEMERAL

Image surface: g Aperture stop: 1
Evaluation mode: Focal Reference surface: 1
Aberration mode: Transwerse Aperture checking: on
Number of rays in fans: 21 Designer: osLo
units: 1T OSLO Premium Edition-Rew &.1 CEU-A
wavefront ref sph pos: Exit pupil OFD reported in wawvelengths: on
Callback Tewel: 1 Frint surface group data: on
Compute solwes in alt. configs: Off Zernike polynom. reference axis: ¥
Ray aiming mode: Central refer. ray Ext. aper. beam angle: S0. 000000
Source astigmatic dist: - Ray aiming type: Aplanatic
Flot ray-intercepts as H-tan uU: Off Glabal ref. surf. for ray data: 1
Sylmetry state: Automatic Evaluation z-axis: Image srf z-axis
Use equal image space incrmnts.:0ff Diffraction efficiency calcs.: Off
Temperature: 0. 000000 Fressure: 1.000000

*REFRACTIVE INDICES

SRF GLASS RHN1 TCE
0 ATR. 1.000000 --
1 LASF2E 2.014531 J4.000000
2 AIR 1.000000 23&6.000000
3 LASF2E 2.014531 J4.000000
4 AIR 1.000000 23&6.000000
& IMAGE SURFACE

4.2 (laser doublet)
F10 Effective focal length Image numerical
aperture Strehl
4.3
*PARAXIAL SETUFR OF LEMWS
AFPERTURE
Entrance beam radius: * 15. 000000 Image axial ray slope: -0,250000
Object num. aperture: 1.5000e-12 F-number: 2.000002
Image num. aperture: 0.250000 working F-number: 2.000002
FIELD
Field angle: * §,F296e-05 Object height: -1.0000e+14
Gaussian image height: &.0000e-05 Chief ray ims height: £.9993e-05
CONJUSATES
Object distance: 1.0000e+20 srf 1 to prin. pt. 1: -14.441922
Gaussian image dist.: 32.403766 srf 4 to prin. pt. 2: -27.5395282
owerall lens Tength: 23.3900000 Total track length: 1.0000e+20
Faraxial magnification: -&.0000e-129 srf 4 to image srf: 32.398000
OTHEFR. DATA
Entrance pupil radius: 15. 000000 srf 1 to entrance pup.: -—
Exit pupil radius: 1z2.0599:64 srf 4 to exit pupil: -15.95g1z28
Lagrange 1inwariant: -1.5000e-085 Fetzwval radius: -205.,107372
Effectiwe focal Tength: &0.000049

*TRAZE REFEREMCE RAY

FEY FEX FEZ

FYRF FxRF Fy F

¥iC i YFS *FS OFL REF SPH RAD
-- -- 0.00576& 0.005766  66.447315  45.354128
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*SPOT DIAGRAM - FBY 0.00, FBx 0.00, FBEZ 0.00 - MONOCZHROMATIC
AFDIV 17.020000
WAVELENGTH 1
WAy WETIGHTS:

vl

1.000000

NUMEER. OF RAYS TRACED:

L

232
FER CENT WEIGHTED RAY TRANSMISSIOM: 100.000000

*SPOT SIZES
GED RMS Y GED RMS ¥ GED RMS R DIFFR LIMIT CENTY CENTx
0. 0004320 0. 000420 0.000832 0.001533 -- --

*WAVEFRONT RS
WAVELENGTH 1

FEWAL OFD FEM5 OFD STREHL RATIO 5 F. 5 R5Z
0.023080 0.011027 0.39541& -— -= -=
s |
4.3 (20° C)
tem 40 yes General Operating Conditions spreadsheet
temperature 40 40° C F9
Strehl Strehl
*ZONDITIOMNS: SENERAL
Image surface: g Aperture stop: 1
Evaluation mode: Focal reference surface: 1
Aberration mode: Transwerse Aperture checking: on
Number of rays in fans: 21 Designer: osLo
units: 1 OsLO Premium Edition-Rew &.1 CKU-A
wavefront ref sph pos: Exit pupil OFD repaorted in wawvelengths: on
Callback Tewel: 1 Frint surface group data: on
Compute solwes in alt. configs: Off Zernike polynom. reference axis: v
Ray aiming mode: Central refer. ray Ext. aper. beam angle: 20, 000000
Source astigmatic dist: - Ray aiming type: Aplanatic
Flot ray-intercepts as H-tan U: Off Glabal ref. surf. Tor ray data: 1
Syimetry state: Automatic Ewvaluation z-axis: Image srf z-axis
Use equal image space incrmnts.:0ff piffraction efficiency calcs.: oOff
Temperature: 40. 000000 Fressure: 1.000000
s |
*LENS DATA
He-ne /2 doublet Tocusing Tens
SRF FRADIUS THIZKMESS AFERTURE RADIUS GLASS  SPE MOTE
[m]=] - 1.0000e+20 1.0000e+14 AIR
AST 41. 045074 E.o0o0740 15.002220 A LASF3E C
2 —B4z2.7EE31E 13.206153 15.00z2z220 AIR
E] -40.7010z232 E.o0o0740 9.001232 LASF3E F
4 -1z24.348401 32.413446 9.001232 AIR
ImMs - -= O.002000

*REFRACTIVE INDICES

SRF GLASS RM1 TCE

u] AIR 1.000000 --

1 LASF3E 2.015013 J4.000000
2 AIR 1.000000 232&.000000
3 LASF3E 2.015013 J4.000000
4 AIR 1.000000 232&.000000
5 IMASE SURFACE
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4.4 (las

er doublet) 40° C

*PARAXTIAL SETUR OF LEMS
AFERTURE

Entrance beam radius: * 15. 000000 Image axial ray slope: -0,25001%9
Object num. aperture: 1.5000e-12 F-number: 1.999846
Image num. aperture: 0.25001% working F-number: 1.999846
FIELD
Field angle: * §,F296e-05 Object height: -1.0000e+14
Gaussian image height: £.9995e-05 Chief ray ims height: &.0022e-05
COMIUGATES
Object distance: 1.0000e+20 srf 1 to prin. pt. 1: -14.4455991
Gaussian image dist.: 32.392008 srf 4 to prin. pt. 2: -27.603364
owerall lens Tength: 23.907663 Total track length: 1.0000e+20
Faraxial magnification: -5.9995e-13 srf 4 to image srf: 32.413448
OTHEFR. DATA
Entrance pupil radius: 15. 000000 srf 1 to entrance pup.: -—
Exit pupil radius: 1z2.0891z20 Srf 4 to exit pupil: -15.9&0743
Lagrange 1inwariant: -1.5000e-085 Fetzwval radius: -205,125913
Effectiwe focal Tength: C9.995370
a s |
*TRAZE REFEREMZE RAY
FEY FE* FEBZ
FRF FxF.F F F
iz HiZ FS ®FS aOFL REF SFH RAD
- - -0.021440 —-0.021440 BE. 472805 45.374183
|
*SPOT DIAGRAM - FEY 0.00, FBx 0.00, FBEZ 0.00 - MONOCZHROMATIC
APDTIV 17.030000
WAWELENGTH 1
WAy WETIGHTS:
WL
1.000000
NUMEEFR. OF RAYS TRAZED:
WL
232
FER. CENT WEIGHTED FAY TRANSMISSION: 100. 000000
*5POT SIZES
GEQ RMS v GED RMS X GED FMS R DIFFR LIMIT CEMTY CENT:
0.0040459 O.004045 0.005726 0.001533 - -—
*WAWVEFRONT RS
WAVELENGTH 1
FEWAL QOFD RMS OFD STREHL RATIO 5% R.5% R5Z
1.396176 0.41533& 0.042744 - - -—
4.5 40° C
focal shift (Compensator) Auto
focus SHIFT+F12 Strehl
4.6
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*TRAZE REFEREMCE RAY

FEY FEX FEZ

FYRF FxRF Fy F

¥iC i YFS HFS OFL REF SPH RAD
-- -- 0.010274 0.010274  &6.441091  45.342475

*SPOT DIAGRAM - FBY 0.00, FEBX 0.00, FBEZ 0.00 - MONOCHROMATIC
AFDIV 17.020000
WAVELENGTH 1
WAy WEIGHTS:

vl

1.000000

NUMEEFR. OF RAYS TRAZED:

L

232
FER CENT WEIGHTED RAY TRANSMISSIOM: 100.000000

*SPOT SIZES
GED RMS Y GED RMS ¥ GED RMS R DIFFR LIMIT CENTY CENTx
0.000554 0.000554 0.000826 0.001552 -- --

*WAVEFRONT RS
WAVELENGTH 1

FEMVAL OFD REMZ OFD STREHL RATIO RSY R.5x RSZ
0.111433 0.0276393 0.3701385 -= -- --
e

(athermalization)

4.2.3 (Other glass data)
OSLO
dn/dT OSLO
4.7
4.7 Schott Optical Glasses

catalog Schott Glass Technologies, Inc. 400 York Avenue, Duryea, PA 18642,
tel 717-457-7485, fax 717-457-6960

n ( 1— )
Vv Abbe ( 1,2,3)
dens (g/lcm?)
hard Knoop hardness,HK
chem. ( (CR) (FR)
(SR) (AR) (PR))
dndT (1x10%/K)
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TCE (1x107/K)

bub Bubble group

trans ( 25mm 400nm)

cost BK7( Schott ) BSL7(

Ohara )
avail
4.7

4.3 (Optimizing refractive index and
dispersion)

(discrete quantities)

OSLO
damped least squares algorithm
43.1 (model glasses)
2 Conrady
No, A, B
search
region
(normal glass)
Vv
Xy
p ="M 4 bV (4.9)
= Ne —Ne TSy T My :
normal
K7 F2 Schott
4.9
apochromatic (secondary
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spectrum)
chromatic nonlinearity
spherochromatism
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4.9
DN 0.0
SK16 FK5 1.0
FK5 DN 1.0 0.0
RN
ADN=1.0 OSLO
4.3.2 (fixing glass)
OSLO
\Y RMS
4.3 (Axial and lateral chromatic aberration)
(chromatic aberration)
axial chromatic aberration  axial color
4.10

undercorrected axial chromatic aberration

nominal image plane

( €
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primary axial color, PAC

4.10
C( ) | e
F( ) L
RPN
G
4.10
4.11
primary lateral color, PLC
F(
C( )
4.11
secondary spectrum
achromatic lenses
OSLO
secondary axial color, SAC secondary lateral color,
SLC 1 2 2 3

apochromatic

(chromatic variation)
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spherochromatism

4.4 (Calculation of chromatic aberration)
*LEMS DATA
EkF s5ingle lens
SRF FADIUS THICKMESS APERTURE RADIUS GLASS SPE HNOTE
ael - 1.0000e+20 1.7633e+153 ATR.
AST Co.731000 &. 500000 15.000000 A BEF C
2 =0, 731000 47 . 986099 15 . 000000 ATR
IMS - - 5.847573 5
*REFRACTIVE IWNDICZES
SRF GLASS F.H1 F.MZ ALK WHER. TZE
u} ATR 1.000000 1.000000 1.000000 - -
1 BEF 1.51&800 1.522376 1.514322 ed. 166410 F1.000000
2 ATR 1.000000 1.000000 1.000000 - 236.000000
2 IMASE SURFACE
4 Fi
*PARAXTAL TRACE
SRF P FU PI P FUC PIC
2 -E.2640e-09 -0.015959:29 -0.015959:29 S.847573 0.168629 0.168629
s |
*PARAXIAL TRACE [WAWELEWGSTH 2]
SRF P FU PI P FUC PIC
2 -0.01047& -0.020141 -0.020141 S.842187 0.1&857E 0.1&857E
*PARANIAL TRACE [WAVELENGTH 3]
SRF Py FU FI P FUC PIC
2 0.004655 -0.019%35 -0.019535 S.849979 0.1628654 0.1686584
s |

PAC=-0.010476-0.004656=-0.015132

PLC=8.842187-8.849979=-0.007792
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K
transverse aberration
1 k
Ea = anj
Ny Uy =1
. 410
€y =, Zcbj
My Uge j=1
1.19
dn=ng-nc=(n-1) V
c n dn'j
a 1739 nj nj
_ 411
1.
_ b
C, _i—Caj
4
OSLO chr 413
*ZHROMATIC ABERRATIONS
SRF Pz SaC FLZ SLC
1 -0.005252 -0.003&38 -0.045980 -0.03z25z27
2 -0.005881 -0.005842 0.039172 o.027122
SUmM -0.015133 -0.010478 -0.00Fs07 —-0.005408
413
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. OSLO Optical Reference version 5 (Sinclair Optics, 1996) chapter 4.

2. P.N. Robb and R. I. Mercado, “Calculation of refractive indices using
Buchdahl’s chromatic coordinate,” Applied Optics, 22, 1198-1215 (1983)

3. G. W. Forbes, “Chromatic coordinates in aberration theory,” J. Opt. Soc. Am.
Al, 344-349 (1984).

R. E. Fischer and B. Tadic-Galeb, “Optical System Design,” (SPIE
Press-McGraw-Hill, 2000) Chapter 6
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1. catalog lens ( Edmund Melles-Griot) doublet
lens triplet lens
2. (1) BK7, (2) LaSFN9, (3) SF11, (4) F2, (5) BaK1, (6)
Optical quality fused silica, (7) Optical crown glass, (8) LEBG, (9) Sapphire,
(10) Zinc Selenide
i. Usable Transmission Range
ii. Index of refraction
iii. Thermal expansion coefficient
iv. Basic other features and characteristics
3. (1) acrylic, (2) polystyrene, (3) polycarbonate, (3) COC



