Tutoria 1

Correcting Assembly Focus Errors

In this tutorial you will learn:

1.pmd(1)

how to set up a“project” directory for running lvory

how to put optical prescription data into Ivory’s project files

how to run Ivory in both its SETUP and default Project modes

how to read the Ivory output file into a Microsoft Excel spreadsheet

how to put element displacements into the spreadsheet

how to calculate the resulting worst case registration errors at the detector

how to calculate the diffraction depth of focus for the system

how to calculate the lens adjustment necessary to correct a predicted focus error
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You have been assigned to an infrared receiver project. The optics looks like this ...

Lens#1

Object
at
infinity.

Entrance
Pupil

24.00

v

all’obj t air

t

2

ar,

t

ar

Detector: ‘
612 x 612 array

.002 in. pixels (50.8 um)
array size, 1.224in. . (31.1
mm) operating temp. 77 deg.
K wavelength, 11 um.

ar,

1

~—1 "3

... and it has the following optical prescription:

Surface Lens Radius
inf.
300.
-300.
-110.
-55.
-310.
215.
11.
22
et. inf.
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I ndex

1.0000
4.0026
1.0000
4.0026
1.0000
4.0026
1.0000
4.0026
1.0000
1.0000

(Dimensions are inches)
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Thickness
inf.
2.0000
5.3566
3.4500
17.7750
2.0000
11.9417
1.5000
20.4727
0

t4\ |

Task 1:

Your shop saysthey can probably
locate each of the elements within
0.010 inches. How much focuserror
might you expect and how much mo-
tion of lens #3 would be necessary to

correct it? AEH
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Lens#1

Object
at
infinity.

Detector |

;Z =—— | — —

Focus
Entrance I

Pupil

Detector: ‘
24.00 612 x 612 array

\/ .002 in. pixels (50.8 um)
array size, 1.224 in. sg. (31.1
mm) operating temp. 77 deg.
K wave length, 11 um.

air,,, t sir t, ar, . air, ar, |
1 ~—1 3 t4 — |

First you reverse the Z axisto agree with Ivory’s mechanical conventions and adjust the signs
in the optical prescription accordingly,

Surface Lens Radius I ndex Thickness

1 obj. inf. 1.0000 inf.

2 1 -300. 4.0026 2.0000

3 1 300. 1.0000 5.3566

4 2 110. 4.0026 3.4500

5 2 55. 1.0000 17.7750

6 3 310. 4.0026 2.0000

7 3 -215. 1.0000 11.9417

8 4 -11. 4.0026 1.5000

9 4 -22. 1.0000 20.4727 A E H .
10 det. inf. 1.0000 0 Optomechanics
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Then you create a new directory, say IRREC, in Windows
Explorer. Thiswill be where you will b¢ working. You
move a copy of the Ivory executable filg¢ into this direc-
tory.

@ C:'. 11" IvoryTutorials’, 14IR n.5C - | I:Ilil

File Edt ‘Yiew Favorites | Tools  Pelg -f

Address [ C:411YIvory Tutorighs| 1{IRREC ~ | B Lnks ?

Folders I et
eIy I = Flvorvea ExE
O EEe
I Koa
I Lac
I Lad
|50 laptop
|5 MILHDEKS
=) Minolka_manual

=g d 1 |

|1 objects (Disk free space: 111 GE) 126 KB | d My Computer

il

X,

sz

AEH.
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You now call up Ivory to prepare the project data files by double-clicking on the Ivory execut-

@ C:, 11" IvoryTutorials', 14 TRREC O] x| able file in the Windows EXp| orer box.
File Edit Wiew Favaorites Tools  Help ;J:'/-/
Address | Ci\LiTvoryTutorials|LIRREC -] B s > For the PROJECT NAME you enter
_—— SETUP and select DATA INPUT (D). You
O IRREC enter the name of the project, in this case

) Koa
) Lac v O 118 IYORYT~14% 14 IRREC, IYORY24.EXE ~ REC, and

) Lad LICENSEE: Alszon E. Hathewavw Tac.
=) laptop TNPUT PROJECT NAME:_ select the geo-

_Jt MILHDEKS metric data
ot Oy 114 I¥ORYT~1% 14 IRREC, IVORY24.EXE

LICENSEE: Alson E. Hathewau-Inc. input, D.
INPUT PROJECT NAME:SETUP
SELECT OME: |V0ry promp‘[s

DATA INPUT <D

ZERO THRESHOLD <Z>
UNIFIED OPTOMECHANICAL MODEL <U> you for ascale

ALL FOCAL LENGTHS (F>
INDEX OF MEDIUM (M> acter on the
PRINT INDIUIDUAL ELEMENT ARRAYS (P> ] j
EXTENDED PRECISION FILES (E> dimensions

YOUR CHOICE:D

INPUT PROJECT NAME:? IRREC and you enter
INPUT FILE TYPE. D=DATA, I1=INDEX:? D 1 .
THICKNESS FOLLOWING THE OBJECT:? inf (assuming

EgRFHGE NUMBER the unitS Of

INPUT ELEMENT MWUMBER? 1 .
RADIUS? -300 : . the optical
GLASS? GE Glasses are given amnemonic in the data _

prescription acceptable).

THICKMESS? 2
You then proceed to enter

H FHFHE

ELEMENT TYPE? LENS  fila that must also be used in the index file.

the surface-by-surface data into Ivory. A blank entry for any surface will produce the detector
entry automatically and close the file. AEH

Optomechanics
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You may now double-click on IRREC.DAT to review (and edit, if necessary) the datafile. It
will open in either Notepad or WordPad.

@ C: 11" IvoryTutorials', 14 IRREC

=10/ x|
'1:

Address =) C:1114Tvory Tutorialsi 1 IRREC | B Lnks ?

Folders = me *
= hi'l i ;I RYZ24.EXE
I IRREC =

File Edit Wiew Fawvorites Tools  Help

I Eoa
|5 Lac
I Lad i
I laptop
Bl IRREC.DAT - WordPad =10l x|
File Edit Wiew Insert Format Help
D= |E| S| sl =] &
Surf Elem Badius Index Thickness Type f1 fa2 £3 f£4
1 ok inft ALIR inft ok 1.0000000 O.0000000 OQ.0000000 OQ.0000000
2 1 -300 GE 2 LENMZ O0.Qoooooo o.o0000oao O.0000000 O.0000000
3 1 300 ALIR 5.35G6 LENMZ O0.Qoooooo o.o0000oao O.0000000 O.0000000
g 2 110 GE 3.45 LENMZ O0.Qoooooo o.o0000oao O.0000000 O.0000000
) 2 1= ALIR 17.775 LENMZ O0.Qoooooo o.o0000oao O.0000000 O.0000000
=) 3 310 GE 2 LENMZ O0.Qoooooo o.o0000oao O.0000000 O.0000000
7 3 -21% ALIR 11.9417 LENMZ O0.Qoooooo o.o0000oao O.0000000 O.0000000
] g -11 GE 1.5 LENMZ O0.Qoooooo o.o0000oao O.0000000 O.0000000
9 g -22 ALIR 20.49727 LENMZ O0.Qoooooo o.o0000oao O.0000000 O.0000000
10 det inft ALIR 0.0 det
]
For Help, press F1 AP | i

Thisis you chance to correct any typing mistakes
you might have made while putting the data into AEH.

lvory. Make any corrections and save thefile. :
Optomechanics
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Now you need to re-enter SETUP to prepare the index of refraction datafile. A blank entry
for aglassinput saves thefile and closes the wingdw. Double-click on IRREC.IND to review

the contents of thefile ;

et C4114IYORYT~1% 14 IRREC,I¥OP.124.EXE

LICENMSEE: Alson E. Hathewaywy Inc.
INPUT PROJECT HAME:SETUP
SELECT ONE:
DATA IHPUT <D>
ZERO THRESHOLD <Z>
UNIFIED OPTOMECHAMICAL MODEL <U>
ALL FOCAL LEWGTHS <F>
INDEX OF MEDIUM (M>

d correct any typing

ors.

PRINT INDIVIDUAL ELEMENT ARRAY¥S (P> @ C:.11%IvoryTutorials', 14, IRREC N [=]
EXTENDED PRECISION FILES (E> 5
File Edit Miew Favorites Tools  Help ;..'r
YOUR CHOICE:D
INPUT PROJECT NAME:? IRREC Address || C:y11\IvoryTutorialsi1{RREC ~| Edse | Lnks 2
INPUT FILE TYPE. D=DATA. I=INDEX:? I
INPUT GLASS:? GE Folders X %mt -
INPUT INDEX OF REFRACTION:? 4.8826 IvORYZ24 EXE
INPUT GLASS:? BD1 [ EIREEC o
) IRREC —
= koa L] trREC. IND
-Iofx
File Edit Format Yiew Help —1
WATERIAL  IMDEX =]
ATR 1.0
=E 4, 0024
0 7l 4] | i
3155 PV 73 bytes | ¢ My Computer A
< A

The lens material is germanium and is entered in the file with its mnemonic GE.
Note that Ivory automatically enters AIR at a value of 1.0.
Beware: The glass names are case sensitive between the *.DAT and *.IND files. A FEH .
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You may now run Ivory in its Project mode

to produce the output file and the Optom-
echanical Constraint qumﬁjb}

click on the Ivory executable file and input

IRREC as the PROJECT NAME.

e C4114I¥ORYT~1', 1, IRREC, IYORY24.EXE

LICENSEE: Alzon E. . Hatheway Inc.
INPUT PROJECT HAME:1RREC

3 SURFACES including the ohject and the detector
i ELEMENTS excluding the object and the detector

THE PHYSICAL PRESCRIPTION ECHO IS COMPLETED

THE GAUSSIAN PRESCRIPTION IS COMPLETED

THE OBJECTS,. IMAGES AND MAGHIFICATIONS ARE COMPLETED
THE ELEMENT INFLUENCE COEFFICIENT ARRAYS ARE COMPLETED
THE OPTOMECHANICAL CONSTRAINT EQUATIOMS ARE COMPLETED

PRESS *ENTER’ TO CLOSE THIS UWINDOW.

1
Press “Enter” to close the window.

@& C:, 11" IvoryTutorials' 1% IRREC - 10| x|
File Edit “iew Favorites Tools Help ;ﬁ"
Address Tutorials) 1{IRREC | EJce |Lnks ?
Folders \ Marne =
Wi [YORY24 EXE
Bl -
~ =l = IRREC. DAT
) Koa 3] IRREC. IND
[+ [~ Lac
=101 ] =
xl 4| | i
KE 126 KB | ¢ My Computer v
@ C: 11" IvoryTutorials' 1% IRREC - 10| x|
File Edit ‘Wiew Favorites Tools Help ;ﬂ"
Address |75 C:1114TvoryTutarialsi 1 TRREC | B e |Lnks ?
Folders | Mame +
==Y = Flvoryz4.ExE
=N = IRREC.DAT
) kea 3] IRREC. IND
= Lac i rREC.OUT
) Lad i
[ laptop
DEKS
+ Mliralk I
_;] “.II':I:I a_rmanual = | | ﬂ
/|T~,.=pe: OUT File Date Modified: 12/30{2009 3:59 Pt |4.66 KB | ¢ My Computsr 4
AEH.

You may now double-click on IRREC.OUT to view the output file.

1.pmd(8)
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[P IRREC.OUT - Notepad

File Edit Faormat View Help

=10l x|

output from -

PROJECT WAME: 'IRREC'

PHYSICAL PRESCRIPTION ECHO

surf Elem
1 obj
2 1

3 1

4 2

3 2
s} 3

7 3

8 4

G 4
10 det

GAUSSIAN PRESCRIPTION

IvoRY Optomechancial Modeling Tools

version 2.4

This Product has been Tlicensed to Alson E. Hatheway Inc. for one user(s).

TIME AND DATE: 18:02:35 12-19-2009

INDEXES OF REFRACTIOM ARE RELATIVE TO THE WALUE OF 1.000292

radius Index Thickness Type
inf 1.0 inf ng
=300 4.0026 2 LENS
300 1.0 5.3566 LENS
110 4.0026 3.45 LENS
5% 1.0 17.775 LENS
310 4.0026 2 LENS
-215 1.0 11.59417 LENS
-11 4.0026 1.5 LENS
-22 1.0 20,4727 LENS
inf 1.0 0 det
H1 H2 P P/ATR
0 0 0 inf
-. 25046309 . 25046309 1.459072 7,25
-1.648407 -. 8232033 2.626797 17.2
—-. 2842056 L 2040458 1.501749 11.8
. 3399783 L B799567 1.160022 21.1
0 0 0 0

265.29200278 -72.045285594 381.361576%7 -5l1.5%

ELE F
obj 0
1 30, 08193
2 34 0B8]
3 -42.16034
4 B.847026
det 0
SYSTEM -51. 578900583
OBIECTS, IMAGES AND MAGHMIFICATICONS
ELE F 5 5! El FHI
obj inf 0] 0] +1.0000 0]
1 0. 08193 inf -50. 0819 4] 4]
2 34, 98831 -42.8285 -19. 2568 +0. 4496 0]
3 -42.16034 -2.0108 -2.1115 +1.0501 4]
4 6.647026 +9, 6943 -21.1463 -2.1813 0]
det inf +6.390-03  +6.359D0-03 +1.0 4]
Kl

Copyright 2010, Alson E. Hatheway Inc.

1 2 3
1 0] 0]
4] 4] 4]
0] 0] 0]
4] 4] 4]
0] 0] 0]
4] 4] 4]
0] 0] 0]
4] 4] 4]
0] 0] 0]
FHI THETA TYPE
0 0 obj
247 0] 0] LENS
48 4] 4] LEMNS
Q577 0] 0] LENS
52648 4] 4] LEMNS
0 0 det
T2a80204
THETA. TYFE e/Tz0
o] obj
4] LEMNS +0. 00D+00
0] LENS +1.25D-02
4] LEMNS -2.450-02
0] LENS -3.28D-01
0 det

[alelaleleleele e

M4

Thisisthe top half of the output file with the physical and Gaussian pre-
scription data, the location of all the intermediate images and the magnifi-
cation at which each lens is working.

1.pmd(9)
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Check the data in the output file. Two of the important values are --

GAUSSIAN PRESCRIPTION

ELE F HL
ok 0 0
1 50. 08193

The Gaussian focal length should agree well with the effective

focal lenth (EFL) of the lens design ...

a 3 310
7 ] -215%
8 4 =11
G 4 -22
10 det inf

265.29299078 72, 0452835594

2 34, 98851 hd ad 07
3 -42.1a034 942056
4 a, 647026 . 33009783
det 0
SYSTEM —-51. 578990583
OBIECTS, IMAGES AND MAGMIFICATIONS
ELE F S
obj inf 0
1 0. 08193 inf
2 34, 88851 -42. 8285
3 -42.16024 -2.0108
4 A, 647026 +59. 6543
det inf +6.390-03
Kl

2504635
-. 8232033

L 2040458

LB780567
4]

5

0
-50. 0819
-19. 2568
-2.1115

+G.390-03

11.9417
1.5
20,4727
0

1.458907:
2. 626797
1.501749
1.160022
4]

M
+1. 0000

0
+0.44094
+1. 0501
-2.1813
+1.0

oo oo

LENS
LENZ
LENS
LENZ
det

P/AIR

inf
F.25347
17.2486
11. 80577
21.1526a8
Q

381.36157697 -51.5725802594

THETA

O D

oo oo a

(=Rl =l

TYPE

obj
LENZ
LENS
LENZ
LENS

det

(=Rl =l

THETA

(=l el ] o)

(=Rl =l
(=Rl =l

TYPE

ok
LENS
LENZ
LENS
LENZ

det

2/Tz0

+0. 00D+00
+1.2590-02
-2.490-02
-3.280-01

1.pmd(10)
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...and the image distance at the detector should be very small.

AEH.

Optomechanics



File Edit Format

Wiew Help

=1Ly

T
T 0.0

Ty 0.0

Tz 0.0

Rx 0.0

Ry 0.0

Rz 0.0
Of,p 0.0
SYSTEM-OBIECT

T -1.02989
Ty 0.0

= 0.0

R 0.0

Ry +1.54388
Rz 0.0
Of,p 0.0
ELEMENT-1

T -1, 26067
Ty 0.0

= 0.0

R 0.0

Ry +6.01684
Rz 0.0
Of,p 0.0
ELEMENT-Z

T +0.10925
Ty 0.0

= 0.0

Rx 0.0

Ry +3.27578
Rz 0.0

O, p 0.0
ELEMENT-3

T +3.18131
Ty 0.0

Tz 0.0

Rx 0.0

Ry -1.16002
Rz 0.0

O, p 0.0
ELEMENT-4

T -1.00000
Ty 0.0

Tz 0.0

Rx 0.0

Ry 0.0

Rz 0.0

OF, p 0.0
DETECTOR

1]

3

So

| |
(=Rl e RN ] D& oRo DooOR oo [=Rallelslele) el
=] 1 =] (=R e Rl o)

IC:IGDI-!‘DLMO
=]

(=Rl el Ral el
(=l lelelel

o]
Q0000

DPTOMECHANICAL CONSTREAINT EQUATIONS

il

[=Ralalelelell
[=Ralslelels)l

(Rl al oyl

roocokoo

[aRalaNeRiThelel [aRalalalelslel

[=Ralalalolelel

{ABSOLUTE WALUES SMALLER THAM O ARE PRINTED AS 0.0)

[l o o R o
(=R e Rl o)

| |
GGGL-':JDDD CICICIélDDCI [=:Relel gl e (=R le il
[a:Reley Nelele] [sReleyilele]e] [=:Relelelele]e]

1
(=R la e lelel
(=R leleRelelel

Coopooo

2989

BO67

0925

2131

Q000

[=Rai g alelele]
[=Ralalalele]e]

CIIC:IL+A.|DDDD

Do ooon

(=Rl Relelel
(=R alaheRele)e)

[sRalalslele]el
[=Ralalslele]el

[=Raiyalelele)
(=R T alwhe]e)

coboooo

2989

6067

0925

Do ooon

8131

elelele]

1 20O
(=R loleRele)el

REGISTRATION VARIAGBLES

L

[l o R o
[l o o Rl ]

[aRelelelelsle] [s:Relelelele]le] (=Rl e Nl
[sRelelelele]e] [s:Relelelele]e]

[aRelelelelele]

[aRelelelelsle]
[aRelelelalele]

Q000

[elelela}

+
rJd

[sRalalslele]el

dooodoo

doooboo

gooobos

dooodoo

[=Relelalelelel

(=Rl ahhale)e)

1.pmd(11)

-0.
L 28949
24372
LFB357

(=Rl Relelel

el
08328
08328
LGRS0

45577

LOB007
L05592
11802
05127

41124
15247
24608
L 26508

[=lelelehele)el

[

LDesvar

Dt
DE1
DRz
On

Ot
DE1
DE2
On

Ot
DE1
DE2
On

Dt
DE1
DE2
On

Dt
DE1
DE2
On

Dt
DE1
DE2
On

The bottom half of the
output file contains all of
the influence coeficients
in the form of the Opto-
mechanical Constraint
Equations. These should
be checked for “reason-
ableness,” that is, very
large and very small val-
ues should be noted and
verified.

One method is to com-
pare the coefficients to
therelated F and M val-
ues in the top half of the
output file. These seem
reasonable so you'll pro-
ceed with the Task 1.

AEH.
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To address Task 1 you will want to open the Ivory output file in a Microsoft Excel worksheet.

In Excdl, /1) Click here and on “ Open”

- 3) Set “ Delimited”

¥ Bookl [Compatibility Mode] - Microsoft . e e

The Text Wizard has determined that your data is Fixed Width

IF this is correct, choose Next, or chooss the dg that best describes your data,
- E|I |F' L|F Il |F'. l.|'|"-.|r |ﬂ- :| : ’ ¥
viginal data byp " T
T Fhouse the file by est describes your data: 4 w %me

e
e ‘* = o -é{ ' =z %‘f’ D - Characters such as commas or tabs separate sach field,
j — '  Fixed width - Fields are aligned in columns with spaces between each field.
: =E | (al~ = Text Import Wizard - Step 2 of 3 2l x|
- re . ext Imporl izard - 5te ol H
Past I starempert ok pows [T = reoran: | 437 o - 2
a31e This screen lats you set the delriter sy data contains, ou can ses how your text s affacted in the preview
e j Look i IE TwaryTutorials i belows,
. Eﬂ My Recent 1 elimiters
=1 P board ] Documents IRREC1.DAT Preview of il C:\111Tvory Tutorials\IRREC.OLIT, I o
- = rreC.DAT - I
- [} Desktop i 1 purpur trom - I~ semicalon [V Treat consecutive delimiters as one
W i_'.__ M = . z IVORY Optomechancial Mo | | Comm; -
am < g Text qualfier: ~
- Documents 2 IV Space;
—— ;
A CJas Computer - L .

‘:} My Metwork

0 Je | Output

<

5) Click “Fin-
1 ]DutEut lr:|r|-\. |- | | T | | | | | | | i§]”

WORY  Optome:s Modeling Toolr

1 e i ‘ s IRREC.OUT - Microsoft Excel -8B X
- - |
— e IWHP Mmoo ﬂwf-‘- op: | @ - = x T T :
3 = "_. lsom R Hatheway [[ne
a = ;!j| s (S Q i = [ o
5 . . I‘JJ —— Cancel | < Back, | Mext > | Fjpish |
[ R Page Show/Hide| Zoom ||Window  Macros = = 7~
E Files of Evpe: ol Fies ¢+, LE}I":IUt _I e - - o
! W )
7 TD! : .".:urkhﬂak; 'u"lewd | “_M"acrc.-s. )
E 1
9
1

Werrion z.4

W 4 M| Sheetfl ~ Shest2  Shes _
Copyrigh 2010, Alron E. Hathewa Inc.

Y i l |i: E :n.i, Froduzt har boon lizerred to Alran E H And you WI ” have
I : | . athewa Inz. Far one wrerirl
$ FROJEC” HAME: CIRREC' TIME AHD DATE: 15:02:35 F35EE the I Vor Out ut
2) Select the output | : y outp

10 [ FHYSICE FRESCR ECHO

. : i filein Excel.
flle here and CIle & | Surf  Elom  Radier Index  Thickner Trpe  F1 fz £ 7]

1 1 aki inf 1ink aki 1 0 0 0
" 9 14 z 1 -z doozg & LEHS o o o o
the Oper] button 15 | 3 1 300 1 E.35&E LEMS o o o o
| 4 H 10 40026 3.45 LENS 0 0 0 0
- 17 5 z 55 1 A7.775 LEHS 0 0 0 0
in the corner of the | & e i Ty
| 7 3 -z1s 1 11.8417 LENS o o o o

dl al Og bOX _20 3 F] -1 dange 15 LEHS [ [ [ [ .

.

4 4 » v | IRREC < F0 A
. Ready u@lﬁl

Optomechanics
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Check the data in the spreadsheet to be sure it
was properly interpreted by Excdl.

A E (5 (n] F H 1 J K L 5]
Ed
L1 TH T T2 313 RY R2 DM DF LDerYar
BE
BT | T= n n n n n n n n Ok
B | Ty 0 0 0 0 0 0 0 0 DR
Ea Tz L] L] L] L] L] L] L] n DRz
B0 Fix n n n n n n n 0 On
Bl | Ry n n n n n n n n
g2 Rz L] L] L] L] L] 1 L] L]
83 Dfgp [ [ [ [ [ [ [ [
kd | SYSTEM-0BJECT
(4
EE  Tx =1.0z99 L] L] L] L] L] 0 00EZTT D
ET Ty noo-10z99 n n n n no-00%2: DR
BE Tz n 0 10E0EE n n 0 -00e5E 0.0FZZE DRZ
k4 | Fix 0 -154%49 0o -10zad 0 0 0 =16.6E9 D
T Ry 1.54%354 L] L] 0 -1lgzadq L] L] L]
7 Fx n n n n n n n n
T2 DFp n 0o -10e07 n n L W B | n
7% ELEMEHT-1
Td
5 Tx -1.Z607 n n n n n 0 -0.d55% Dk
Te T no-12e07 n n n n 0 -n2#95 DR
T Tz L] 0 d.4x59% L] L] 0 -0E21d 1.2d437z DRz
1% Fix LU W) [ 0o -1zedT n n 0 -11.78d Dn
™ Ry E0EEd n n no=1zZed7T n n n
#0 | Rx 0 0 0 0 0 0 0 0
# DFp L] 0 -15:49% L] L] 0 onixzEd L]
%z ELEMEMT-Z
2T
#d  T= nANezs L] L] L] L] L] 0 00007 D
25 Ty Lo e L] L] L] L] 0 -0.0554 DRA
#6 Tz n n-dEss n n 0 a5sse 0160z DR
2T |Rx n o -x275% 0o ooi0azs n n 0 14.0512 Dn
%% | R T.2TETE L] L] Lo e L] L] L]
%4 Rz n n n n n n n n
a0 | DF.p n noo=0atie n n n z.ME-03 n
41 | ELEMEHT-Z
az
9 (T ERES | n n n n n 0 -0d14E De =
9d | Ty nooEAEE n n n n 0 =-115z5% DR1 1
48 Tz 0 0o =375 0 0 0 oEEEE 0.2de0d DRZ
L 0 1400z LI b3 i | L] L] 0 -z2.2851 Dn
97 | Fix =116 n n L EREIEG] n n n
9% Rx n n n n n n n n
99 DFp L] LIS I 4 | L] 0 0dTEe] L]
100 | ELEMEHT-d4
101
10z | Tx -1 0 0 0 0 0 Ok
10ZE | Ty L] -1 L] L] L] 0 DRA
104 | Tz n n n n n n DRz
105 | R n n n n n 0 On
106 | Fiyx 0 0 -1 0 0 0
107 FRx L] L] L] -1 L] L]
10% | DF,p n n n n n n
109 DETECTOR
4 4 F M| IRREC %1
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Now you can calculate the focus error caused by the £0.010 position tolerances.
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Note that the
decentration toler-
ances,

Tx and Ty,

do not contribute to
the

focus registration
errors

on assembly.

AEH.
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Looking more closely at the results of
the calculation, you see that you can
expect afocus error of about 0.105 ()
inches, worst case.

[ M N 0 p Q Bl ST
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110 0.065811 0.065811 0.104933 0 0 0 0.007735
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i

4 O | IRREC 7

| Ready |
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To determine the necessary range of adjustment for lens #3 you then divide the focus error...
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..by the Tz influence coefficient for lens #3. AEH

Theanswer for Task 1isTz,=+0.2151N.  o5iomechanics
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Lens#1

Object Y
" T
infinity. Detector |
_ |
| Best
| Focus
Entrance
Pupil
Detector: ‘
24.00 612 x 612 array
\/ .002 in. pixels (50.8 um)
array size, 1.224 in. sq. (31.1
mm) operating temp. 77 deg.
K wave length, 11 um.
ir . t ar i -
ar,, t air, 2 2 { ar, L = ar, |
Task 1: Answer:

Your shop saysthey can probably
locate each of the elementswithin
0.010 inches. How much focuserror
might you expect and how much mo-
tion of lens#3 would be necessary to
correct it?

You can expect as much as £0.105 inches
of focus error in the worst case combina-
tions of assembly. If lens#3 isto be used
to correct this assembly error it will re-
quire £0.215 inches of Z axis motion.

AEH.
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Lens#1

Object
at
infinity.
Entrance
Pupil
Detector: ‘
24.00 612 x 612 array
\/ .002 in. pixels (50.8 um)
array size, 1.224in. sq. (31.1
mm) operating temp. 77 deg.
K wave length, 11 um.
air to| . t, ar, air air
J air, t, 3 t, = 4 |

How accurate does the mechanism for lens
#3 need to be in order to preserve diffraction
limited performance?

AEH.

Optomechanics
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Lens#1

Object Y
" T
infinity.

Detector: ‘
612 x 612 array

.002 in. pixels (50.8 um)
array size, 1.224 in. sg. (31.1

mm) operating 7 deg.
K wave lengt{y, 11 um.
ar,, t ir t, ar, . air3 . air4

1 ~—1 3 VN
| A | 8 | € | O | L F | & | & | b | L | K [k M | N | 0
26
27 | GAUSSIAN PRESCRIFTION
28 |
25 | ELE F H1 H2 F FjAIR | FHI THETA  |TYPE
30 | ot 0 0 { 3 inf 0 3 ok
31| 1| 50,0819 D.2505| 025045\ 149907 | 7.25347 0 0| LENS
3z | 2| 3a9385| 16468 -08232|\26268 17.246 0 0| LENS wavelengths
33 | 3| -22.16| 10.2942| 020205 A50175| 11,8058 o 0| LENS entrance pupil=
34 | 4| 6.64703| 0.33998| 0.67995| 1\s002| 21,1527 o 0| LENS fie=
35 | det 0 D 0 D 0 det
36 | Ciffraction depth of focus=
a7 | SYSTEM 2E5.253 72,045 381 62| 51573
38
A+ ¥ | IRREC <0 X \ T
| Ready |

Note that:
by Born and Wolf)\1980, p. 441 \the diffraction depth of fopus/: 12.8(M/m)(f/#)* = 0.00815
where f/# = (focal length)/(entrance pupil diameter) = -2.1491 AEH.

These are calculated in the spreadsheet as shown.

1.pmd(20)
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_j 23 copy 1 —— = R —.
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83 |
84 [Tx 0.10925 0 0 0.06007 Dt
85 Ty 0 0 0 -0.05592 DR1
86 Tz 0 0 00586 0.11602 DR2
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89 Rz 0 0 -
30 |Df,p 0 0
91 ELEMENT-3
92|
93 Tx 3.18131

100 ELEMENT-4

101

102/Tx A 0 0 0 0

103|Ty 0 -1 0 0 0 0 wavelength=

1oajTz 0 o - 0 & & Entrance pupil=

105|Rx 0 0 0 1 0 0 -

106 Ry 0 0 0 0 -1 0 fif=

107|Rz 0 0 0

102 Df,p o o o Diffraction depth of focus

109|DETECTOR
110

111{Thank you
112/

using | IVORY(tm

44 » | IRREC .~

...divided by the Tz influence coefficient for lens #3

= 0.00815/0.48854 = 0.0167 inches.

AEH.

Optomechanics

1.pmd(21)



Correcting Assembly Focus Errors

Lens#1
#4
Object Y
at
infinity.
Detector |
R |
| | Best
| Focus
Entrance
Pupil
Detector: ‘
24.00 612 x 612 array
\/ .002 in. pixels (50.8 um)
array size, 1.224in. sq. (31.1
mm) operating temp. 77 deg.
K wave length, 11 um.
airObj t air t, ar, 5 air, L ar, |

|f the optical elements are located within +0.010 inches and the focusisto be corrected
by moving lens#3 in the Tz direction it will require an adjustment mechanicsm with:

Stroke = 2 x 0.215 = 0.430 inches AEH.

Accuracy = 0.0167 inches Optomechanics

1.pmd(22)



