Tutoria 2

Correcting Thermal Focus Errors

This tutorial assumes that you have the results of Tutorial 1 available for use.
In this tutorial you will learn:
how to calculate the effects of thermal expansion or contraction of the housing
how to calculate the thermal change in focal length of alens
how to calculate the focus error caused by thermal effects on the lenses and the housing
how to specify an adjustment mechanism to correct the focus errors

AEH.

Optomechanics

2.pmd(1



Lens#1

Object
at
infinity.
Entrance
Pupil
Detector: ‘
24.00 612 x 612 array
\/ .002 in. pixels (50.8 um)
array size, 1.224in. sg. (31.1
mm) operating temp. 77 deg.
K wave length, 11 um.
ir t air i i
a rObJ t a rl 2 2 t3 a r3 t4 — a r4 !

Your project, an infrared receiver defined in Tutorial 1, is concerned about the sensitivity of
the focus to changes in temperature.

Task 1:

Detemine the focus shift caused by a
temper ature change of +10 C degrees, AEH
assuming the housing isaluminum. .

Optomechanics

2.pmd(2



In Tutorial 1 you ran Ivory to create the Optomechanical Constraint Equations. You then
opened them in Excel and calculated the focus shift from the anticipated assembly toler-
ances. You will now open that Excel file from Internet Explorer:

=10/

File Edit \iew Fawarites Toals  Help ﬂ"
= T B .y >
- - ! | s !
@ Back l\) lj; p Search H_i‘ Falders |,__" @- x E“, |
Address [ 25) C:1111Tvory Tutorials| 2| IRREC | B Ge
Folders X || Mame =
=002 = = IRRECT.DAT
3 IRREC TRREC.DAT
) 0S5C FELLOWS IRREC-O'-'T
; =i IRREC.OUT. xls
Post-it Mates
. @ 1 HTHJHDU‘?‘A FY'F —
| a | B | ¢ | o | E | ¥ | & | w | o | 3 kel v [ M | N |
1 |Output from
| IVORY Optomeck Modeling Tools
3| Yersion 24
| Copyright 2010, Alson E. Hatheway Inc.
5. +
6 |This Product  has been licensed to Alson E. Hatheway Inc. far one user(s).
7
8 |PROJECT MAME: "IRREC TIME AND DATE: 18:02:35 | HHHHGHEH
9
10 |PHYSICAL PRESCRIPTECHO
11 |
12 Surf Elem Radius  Index Thickness Type f1 f2 f3 fa
13 | 1 obj inf 1/inf ohj il 0 0 0
14| 2 1 -300 4.0026 2 LENS o o o o
15 | 3 1 300 1 5.3566 LENS 0 0 0 0
16 | 4 2 110 4,0026 3.45 LENS 0 0 0 0
17 | 5 2 55 1 17.775 LENS 0 0 0 0
18 | G 3 310 4.0026 2 LEMNS o o o o A E H
19 | 7 3 -215 1 11.5417 LENS o o o 1] L]
M4 kM| IRREC /¥ 4 [ -
Ready | Optomechanics
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You will re-name the first sheet from “IRREC” to “Toleraces’, add a second sheet and
name it “Thermal.”

A | ) Lk L M N
1 [Output
2| IVORY Optomect Modeling Tools
3 | WRrsion 2.4
4| CoYyyright 2010, Alson E. Hatheway |
5 |
_6 |This Product  has beean licensed to Alson E. Hatheway Inc. far one user(s).
.:Ir. {
8 |[PROJECT NAME  'IRREC' TIME 18:02:35 HB#HEHEE
9 |
10 |PHYSICAL PRESCR\P"ECHO
1|
2l Surf Index Thickness Type f1 f2 3
13| 1inf obj 1 o o
14| 40026 2 LENS ] ] ]
15| 1 1 5.3566 LENS 0 0 0
16 | 2 4.0026 3.45 LENS 1] 1] 1]
17 2 1 17.775 LENS i} i} i}
18 | 3 4.0026 2 LENS ] ] ]
13 V\ 3 -215 1 11.9417 LENS 0 0 0
¥ Tl

A Thermal )
Ready | ~—
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You will then copy the contents of the first sheet, Tolerances, onto the second sheet, Ther-
mal. On the Thermal sheet erase all the calculations that were copied from the Tolerances
sheet so you have only the Ivory output file data on the Thermal sheet.

1 OFTOME COMSTR ERUATIO (AESOLL VALUES SMALLEI THAN

PRINTED A5

E L =
A E o o E F 5 H f K L r H o F [ R = T [ w ] ¥ z AR =
23 ELEF Hi Hz 3 FiAlR FHI  THETA THFE
0 aki [] [] [] 0 inf [] o ok
1 1 500413 -0.Z505 025046 149307 T.E53T [ o LEHS
2 & 3d.aF35 -lEdEd -0FEZE Z.RZEF  IT.2dE o 0 LEMS vavelength- M mizronr- 000043 inzheor
= T -dEAE -0.29M4E 020405 LEDTE  11.305% [] o LENS cntranze pupil- 24 incher
d 4 EEdTOE 0.3F99% 0ET9E 11600z 1457 o 0 LEMS FiE- =z.1d91
25 et [] [] [] [] [] [] 0 det firy dirk diametor- 0.00Z2T inchor-s | 001 incher
3 Diffraction depth of facur- 000415 inchor-s | 008407 inchor
= SYSTEM -FLETH 265297 -T2.045 IPLI6E -GLETE
3 M
: Copy first sheet
40 |OBJEGT: IMAGES AND  MAGHIFIGATIONS
a1
4z ELEF H = M FHI  THETA TYPE  ofTzn
S e L L R onto second shest.
44 1 5008 inf 50082 [] [] DLENS  +0.000400
a5 T 344335 -dE.523 -19.25T  0.dd9e [] 0 LEHS  +1.24D-
5 T -dEAE -ZOME -ZANE  L05M [] o LENS
a7 4 GEATOZ 96843 -2LAde 2013 [ o LENS
ki3 dek inf +E.390-0 +£ 390-0 1 o o der
4
50
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52
52 REGISTR VARIABLES
54
55 ™ ™ 1z [ RY Dfp  LDortar ™ ™ 1z R [ Rz oHr
56
57 Tx o o o o oD o o o o o o o
52 Ty [3 [3 [3 [3 # DR1 [3 [3 [3 [3 [3 [3 [3
59 Tz o o o o 0 DRZ o o o o o o o

A B [ [ 3 F a H | u [

9 ELE F H1 Hz F Fralf FHI THETA TYFE

0 okj L L L 0 inF L 0 nkj

kil 1 S0.0F19 -0ZE05 0.Z504E 149907 T.ZEEdT L 0 LENE

zz 2 249925 -1E4Ed  -0EZ3Z ZEZER 17,246 L 0 LEHS

R 3 4206 02042 02005 LEMTE 13053 [} 0 LENS

24 4 GRATIZ 033093 NETH0E LIGNOZ 211527 [} 0 LENS

35 ek [} [} [} [} [ [} 0 den

3%

37 SVSTEM -BLETY 285.283 -TZ0d5 SL3EZ -GLSTH

iE

4

d0  DEJECT: IMAGES AND MAGHIFICATIONS

1

42 ELEF s B M FHI  THETA TYFE ol

4 obi e [} [} 1 [} 0 aki

ad 1 50084 inf -5z [} [} DLENS  +00Dedd

45 B 3495 -dzE -19.EST  0.ddE [} OLENS  +290-02

L3 3 -dzA6 -Z010E -2 15 1.0501 L 0 LEHZS -z.490-02 -

a7 q 6RATOZ KNI -ZLAGE -ZAEM3 [ 0 LENS  -3.2%001 ‘ I ear' the OI d Cal Cu I atl Ons

Lk dek inF +E.Z90-0 +£. 32400 1 L 0 dek

q9

50 .

51 | OFTOME CONSTR EQUATIO (ABSOLLYALUES SMALLEI THAN 0ARE  FRINTED AS On t h I S ﬁon d g’] a

5z .

53 REGISTR YARIABLES

54

55 TR ™ Tz L33 EY RZ DM DOFp LDurYar

113

57 T L L L L L L L 0 De

58 Ty [} [} [} [} [} [} [} 0 DR1

59 Tz [} [} [} [} [} [} [} 0 DRz

R [} [} [} [} [} [} [} 4 Dn

iR [} [} [} [} [} [} [} [}

%z |Rx [} [} [} [} [} 1 [} [}

£ DF,p o o o L L L L L

£d  EYETEM-OBJECT

£S5

EE T -10z99 L L L L L 0 00EzT?T De

87Ty 0 -tnzee [} [} [} [} 0 -00%3E DRY

4 4 » M| Tolerances | Thermal %1 AN L

Ready \
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The temperature change affects the focus of the system through thermal expansion or con-
traction of the aluminum housing, through the thermal expansion or contraction of the
lenses and changes in the index of refraction of the lens material. The changesin the alumi-
num housing primarily affect the air spacing of the elements whereas the changes to the
elements primarily affect their focal lengths. You will need the material properties for the
aluminum and the germanium:

di/IdT dn/dT

(per C) (per C)
aluminum 23.4 x 10°
germanium 55x10° 4.0 x 10*

The first column is the coefficient of thermal expansion (CTE). The second column isthe
thermal coefficient of refractive index (TCRI).

Record these values at the top of the Thermal spreadsheet for future use.

See the next page for theresults.

AEH.
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Material properties \

A B C D E F H 7| K L M M P T U b
1; tput | from
IORY Optomecl Modeling Tools
Version 2.4 5;
pyrigh 1 E Hath Inc. CTE TCRI
5 aluminum 2,34E-05
B .THE Product  has been licensed to Alzon E. Hathewat Inc. far one uzer|s). EBRrmanium 5.50E-06 4.00E-04
2 |PROJECT | NAME: 'IRREC' | TIME AND DATE: 12:02:35 ##7sF+F
9 Housin E
13 |PHYSICAL FRESCRIF ECHO Distance
=il Housing  from N Ote-
12 Surf Elem Radius | Index Thickness Type f1 2 3 4 Lenses  Spaces Distance Lens1 .
13 1| ohj inf 1 inf ohj £ o [ o [ink [in} .
14 | 2 1 -300| 40016 2 LENS 0 o 0 o L1 o We are assumili ng the
15 E} 1 300 1/ 5.3566 LEMS 0 0 0 0 1-2 7.3566
16 4 2 110 40026 3.45 LENS 0 0 0 0 L2 7.3566
17 5 2 55 1| 17.775|LENS 0 0 0 0 2-3 21.225 Vatex Of Ier]S #1 % the
18 | & 3 310 026 2| LENS 0 o 0 o 13 23.5816 L
294 2 -215 1 11.9417 LENS 0 0 0 0 34 12,8417 Z dat pl
20 a -11 026 1.5/ LENS 0 0 0 0 L4 42,5233 a)(l S um ar]e.
21 -22 1| 204727 |LENS ] o ] o d-det 21.9727
22 | 10 det i 1 0 det det 64.496
23
24 |INDEXES |OF REFRACTI{ ARE RELATIVE TO THE WALUE OF 1.0002%
25

Next you need to calculate the length of the aluminum bgtween the lenses that control the
air spaces. You may initially assume the length betweep two lenses to be the distance be-
tween their first vertices. Calculate these distances on the spreadsheet next to the physical
prescription data.

Then calculate the total distance of each lens from lens #1.

AEH.

Of course you may wish to revisit any (or al) your assumptions later. Optomechanics
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Now you must calculate the displacement vector per degree C. Lets start at lens 2.

First, at the top of the OCE you may set
up three column headings as shown.

51 |OPTOMEC CONSTRAI EQUATION [ABSOLUT|WALUES | EMALLER | THAN 0 ARE PRIMTED |AS

53 REGISTRA™ WARIABLES Dizp Material
54 Vector Dims Properties
55 Tx T TZ R* RY RZ DA Of,p LOesVar {perC]

56

73 |ELEMENT-1

75 [Tx -1.2607

0 0 0 0 O -0.4553 Dt
76 [Ty o -1.2607 0 0 0 0 O -0.28585 DR1
77 [Tz 0 O 4.1B558 0 0 0 3214| 1.24372 DR2
78 [Rx o -5.01&3 o -1.2807 0 0 0 -11.784 Dn =t
758 [Ry 6.01684 o o o -1.2807 2 2 2 =R1
80 Rz o o o o o o o o =
81 |Df,p 0 o -1.5853 0 0 0| 0.13289 @ | N 40026 =n
82 |ELEMENT-2
23
24 Tw 0 10m25 1 1 0 0 0 Ol 0 0ORYT I N

Second, enter the Tz distance from lens #1 to
lens 2 and lens 2's prescription’s dimensions
from the Physical Prescription Echo.

Third, enter the material properties
from the top of the sheet that apply to AEH
each of the dimensional quantities. -

Optomechanics
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Fourth, calculate the Z axis displacement per C of lens 2:
Tz per C=(Z distance)(aluminum’sCTE)

51 |OPFTCMEC COMSTRAI EQUATION [ABSOLUT VALUES |SMALLER | THANM O|ARE PRIMTED: |AS

53 REGISTRA WARIABLES Material
54 Properties
55 TH T TZ R RY RE O M Of.p LDes\ar
56

- - v s - - o e

73 |ELEMENT-1

75 (Tx -1.2607

T8 Ty o -1.:E:.:' 0 O o
77 |Tz o 0 4.18558 O o O| <0.3214 1.24372|DR2 2.34E-05 =zl LTE
78 |Rx 2| -.01c8 o -1.2607 o o 2 -11.72 g CTE
79 Ry E.01684 0 0 o -1.26 0 0 e CTE
20 Rz 0 0 0 O 0 e CTE
21 |Df,p 0 0 -1.58583 O 0 0| 0.13239 e TCRI
82 |ELEMEMNT-2
23
24 |Tx 0.10825
7

(R2)(CTE)(df/oR2)

Flfth, calcul e Change in focal Iength per C: /Xamme of calculations

Af per C=(t)(CTE)(df/dl)+(R1)(CTE)(df/dR1)4(R2)(CTE)(df/dR2)}(n)(TCRI)

The change in focal length per C is the sum of the contributions from the four lens design
vairables: the thickness, the first radius, the second radius and the index AEH.
of refraction, as shown in the equation. Optomechanics
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Now, to get the contribution of lens 2 to the image motion at the detector you multiply the
Influence coefficients for lens 2 by the displacement vector for lens 2, as shown.

r - ﬁ‘_| 5 IRREC.OUTxls [Compatibility Mode] - Microsoft Excel Co
i m I i

5 Inze Pag out Formulas Data View A at @) o= ox
Cut T i = T = B ; =he 1 || E AutoSum - 8 ;
| & 11 | | =1 Wrap Text General :f_lj £z A e ot | : ::} | [ﬁ
— 33 copy e - "% = & Fill e
Paste B I U e S A = = | | =] Merge & Center g » || %59, 208||| Conditional Format Cell Insert Delete Format Sot & Find &
& J Format Painter | | P S S =|| e Merge 8 |8 o |76 -8 Formatting = as Table = Styles 2 Clear Filter - Select =
Clipboard [ Font Alignment I Number Styles Cells Editing
2 X & fe| =L75:181*B75:HBL
e s | 8 | ¢ | 0 | E | F | & | H 1 K L | m | N | a9 | P Y R S i [ TR [ R S [ A
£t
75 |Tx 0 0 E? 40,4558 Dt =L75:L81*B75:H81
76 | Ty 0 o :‘.\5 -0.2885/DR1
77 |T2 0 0 -:.321:.5 1.24372 | DR2 L726-04| 7.3566Z
78 |Rx o 0 0 -11.754|Dn 3.45) =t
78 |Ry 7 0 o 0 110| =R1
80 |R: o 0 o] 0 55| =R2
81 !D‘f,p ,-,--"---,.;:‘;-,--.E,_?.;J.?Eig.;i 0 -LATE02  4.0026| =n '
82 |ELEMENT-2
a3

influence coefficients  x  displacement vector = image motion contributions

(o) G o) 7 IRREC.OUT.xls JiCompstibility Made] - Microsoft Excel SRR,
" Home Insert Page Laygut Farmulas Data Review View Acrobat '@ - B8 X
— = : :
= Cut =l = = = A |8 E AutoSum - :
_3] & Cu Calibri -1~ = S} Wrap Text General ¥ *j,‘ E% Q ilm = e ﬁ
s G- A = = | 3 8] | Conditionsl Format  Cell || insert Deete F - Sort & Find &
aste ; B I 2 - = = = Merge & center = || & = 9% o |[%08 5% onditional Forma e nse elets Fo o ind &
- J Format Painter | I a- e (|68 3] Formatting = as Table = Styles = - - ¢# Clear~ Filter~ Select~
Clipboard (] Fant F] Alignment F Number F] Styles Cells Editing
(Y | \ Y|
il [ o LD ' | F G H 1 K M N o e | a R 3 T e \.,_, W X ¥ z
1
75 |Tx -1.2607 0 0 0 0 0 0 -0.4552 Dt o o 0 0 0 0 0
76 | Ty 0| -1.2607 o o o o o -0.2835 DR1 o o 0 0 0 0 0
77 |1 0 0 418598 o 0 0! 03214 1.24372|DR2 1.726-04| 7.3566|Z o o 0.00072 0 0 0| -6E-05
78 |Ax o/ -6.0168 0| -1.2607 0 0 0| -11.784|Dn 3.45) =t o o 0 0 0 0 0
79 |Ry £.01824 0 0 0| -1.2807 0 0 0 ol = o o 0 0 0 0 0
20 |Rz o 0 o 0 0 0 0 0 5 = o o 0 0 0 0 0
81 |Df,p 0 0 -1.5893 o 0 0/ 0.13289 o 1.87602| 4.0026| =n o 0/ 0.02968 0 0 0 -0.0025
2 | ELEMENT-2

[
W
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A A [ 8 | c© o | E | F | & ho Lo 4 ]k ™ N o P s T U W W X
| CPTOMEC CONSTRAI EQUATIC! VALUES | SMALLER THAN PRINTED | AS
REGISTRA VARIABLES Dizp Mzterial
Vector Dims Properties
e v Z A RY AZ DM/M  Dip LDesvar {perc) 7 RX RY RZ DM/M
| 0 0 0 0 0 0 0 0Dt
[Ty o o o o o o o 0/ DAl
1= o 0 o 0 o 0 o 0/ DR2
R o 0 o 0 o 0 o 0. Dn
Ry o o o o o o o o
Rz o 0 o 0 o 1 o 0
ot o o o o o o o o
| svSTEM-DRIECT
= [T -1.0299 0 0 0 0 0 0| 0.08277 Dt 0 0 0 0 0 0 0
[Ty o| -1.0299 o 0 o 0 o -0.0833 DRI 0 0 0 0 0 0 0
|72 0 0| 1.06068 0 o 0, -0.0653 0.08326/DR2 0.00E+00 0|z 23 0 0 0 0 0 0 0
[ R 0| -1.5439 o| -1.0299 o o 0| -16.669.Dn 2t 5.50E-D 0 0 0 0 0 0 0
)[Ry 1.54389 o 0 0| -1.0299 o o 0 SET 5.50E-06 | g= CTE 0 0 0 o 0 0 0
R o o o o o o o o R2 5.50E-06 | g= CTE 0 [ 0 0 0 0 0
72 | Ot o 0| -1.0607 0 o 0 0.08531 0 Aleacoz| ao0026)n 4.00E-04 g= TCARI 0 0| 0.02302 o 0 0 -0.0023 =
- ELEMENT-1
| -1.2607 0 o o o o 0 0.4558 Dt 0 0 0 0 0 0 0
Ty 0| -1.2607 o 2 o 2 0 -0.2895 DAL 0 0 0 0 0 0 0
i 0 2 18598 0 o) = 0| 0.3214| 1.24372/DR2 1.72E04| 7.35E6 2.34E-05 =l CTE 0 - 0 000 0 0 0 -6EO5
- . <=} hecatculations for-leas #2 wer e perfor med.on the previousthree pages:
Ry 5.01634 o o 0| -1.2607 o o o 110/ =R1 5.50E-06 | g= CTE 0 ) 0 0 0 0 0
|Fz o 0 o o o o o 0 55/ =R2 5.50E-08 g= CTE 0 0 0 o 0 0 0
|ote o 0| -1.5893 0 o 0| 0.13288 0 -1.87E02| 4.0025) =n 4.00E-04|g= TCAI 0 0| 0.02968 0 0 0 -0.0025
T
83
84 |1 0.10925 0 o 0 o 0 0| 0.06007 0 0 0 0 0 0 0
85 |Tv o/ 0.10935 o o o o ol o 0 0 o 0 0 0 0
86 |Tz 0 0 -p.4885 0 [ o/ 0.0586 0.11602 6.69E-04| 28.5816 7 2.34E-05 3l CTE 0 0| -0.0003 0 0 0 3.9E05
87 |Rx o| -3.2758 0| 0.10925 o o o| 14.05 2 = 5.50E-06 | g= CTE 0 0 0 0 0 0 0
28 |Ry 3.27578 0 o 0| 0.10825 0 o 310 =R1 5.50E-06 g= CTE 0 0 0 0 0 0 0
29 |Rz o o o o o o o 215 =R2 5.50E-06 g2 CTE 0 0 0 0 0 0 0
90 |of, 0 0, p.o119 o o/, - 0l 201503 o 2.23602| 4.0026 =n 0 o -0.0003 0 0 0 4.5ED5
. -«Rer for m'the calculations for
92
93 |Tx 1 ANt 0 0 0 0 0 0 0
= » the'other elements (copy thes S I -
35 [Tz [N o #7581 o 0 0.33816 0.24X06/DR2 9.95E-04| 42.5233(7 2.34E-05 al CTE 0 o -0.0037 0 0 0| 0.00033
96 |Ax funct:l @ﬂ:s fr @ﬁ’f‘u{:erls 2 a:nd o -2.26 15| =t 5.SOEDE g2 CTE 0 0 o o o 0 0
97 |Ry ERT o [ 0 3.18131 o [ 11| =R1 5.50E-06 | g= CTE 0 0 0 0 0 0 0
98 |Rz { 16 [ 1 [ -22| =R2 5.50E-06 | ge CTE o o o o o 0 o
g9 mpaSté t héml.alzht()zpogtl OhS?ibr 3.59E03| 4.0026) =n 4.00E-04 g= TCRI 0 0| 0.03633 0 0 0 -0.0017
100 ELEMENT-4
=the other elements),
102|Tx i 0 (] 0 [} 0 o 0 0 0 0 0 0 0
1031y o 1 o o o o o 0 0 0 0 0 0 0
1047z o 0 1 0 o 0 o 151E03| 644967 2.34E-05 al CTE 0 0 -0.0015 0 0 0 0
105 | Rx o o 0 1 o o o 0 = 0 0 0 0 0 0 0
106/ Ry [} 0 0 0 1 0 [} inf -R1 0 0 0 0 0 0 0
107 Rz o o 0 o o 1 o -R2 0 0 0 0 0 0 0 1
108|0t,p [ o 0 o [ o [ 0 1) =n 0 0 0 0 0 0 0
109 | DETECTOR
110 0 0 0.0839 0 0 0 -D.0061
111 |Thank you for uzing IVORY{tm| to prepare |the Optomec| Constrain Equation: for '|IRREC". ™ TY TZ R RY RZ DM
112|3
113

4 4 b [ Tolerances | Thermal . ¥J -

Ready |




1 H - P [T S 1 M 1 i 1 c 1 F 1 Q 1 R g T 1 U 1 v I—IW i X 1 4 1 z
PRINTED
REGISTRA™ VARIABLES Dizp Materizl
Vector Dims Properties
% v Z RY RZ DM/M | Dip LCesvar {perc) ™ v iFd RX RY RZ DM/M
o Add titles at:the top and bottom of
o 0 o 0/ DAz 1 =
- th;e columnsfor:thegtneglstratlon
o 0 0 o q
e - c variables.. : : -
&3 |Dip o o o o o
84 | SYSTEM-DRJECT
s
88 | -1.0299 0 0 0 0 0 0| 0.06277|Dt 0 o o 0 0 0 0
&7 [Ty o -1.0299 0 0 o 0 o -0.0833 DRI 0 o of 0 0 0 0
B8 T o 0| 1.06068 0 o 0| -0.0653 0.08B326 DR2 0.00E+00 0|z 0 o of 0 0 0 0
&3 o/ -1.5433 o| -1.0299 o 0 0| -16.669,Dn 2t _S0E0E| g 0 o o 0 0 0 0
70 Ry 1.54338 0 0 0| -1.0298 0 o 0 -300/R1 S0E0E £ 0 0 0 0 0 0 0
71 R o o 0 0 o o o 0 300|R2 0 o o 0 0 0 0
72 |oip o 0| -1.0807 0 0 0/ 0.08531 0 2.64E-02| 4.0026|n 0 of 0.02802 o 0 0| -0.0023 =
73 | ELEMENT-1
-1.2607 0 o 0 o 0 o -0.4558/Dt 0 0 o 0 0 0 0
0 -1.2607 o 0 o 0 0 -0.2895 DRI 0 0 of 0 0 0 0
o 0| 4.18538 0 o 0| 03214 1.24372 DR2 1.72E04| 7.3586|Z 0 of 0.00072 0 0 o -6EDS
o] 0168 0| -1.2607 o 0 0| 11784 Dn 345 = 0 o o 0 0 0 0
£.01634 0 o 0 -1.2607 0 o 0 110/ =R1 0 of o 0 0 0 0
o 0 o 0 o 0 o 0 55| =R2 0 o o o 0 0 0
81 | o 0| -1.5893 0 o 0| 0.13289 0 1.87602| 4.0025| =n 0 of 0.02968 0 0 0 -0.0025
52 |ELEMENT-2
B3
84 |Tx 0.10925 0 0 0 o 0 0| 0.06007|Dt 0 o of 0 0 0 0
85 |Tw o 0.10925 o 0 o ) 0| 00553 DR1 o of o o o 0 o
86 |Tz o 0 D433 0 o 0| 0.0536  0.11602 DR2 6.69E-04| 22.5316/Z 0 of -0.0003 0 0 0| 3.3E05
87 |Rx o 32758 o/ 0.10925 o 0 o/ 14.0513 Dn 2 = 0 o o 0 0 0 0
88 |Ry 3.27578 0 o 0| 0.10925 0 o 0 310 =R1 0 o o 0 0 0 0
89 |Rz [ 0 [ 0 [ 0 [ 0 215 =R2 0 o o 0 0 0 0
50 |Cip o 0| 00119 0 o 0 2.01E03 0 2.23E02| 4.0026 =n 0 of -0.0003 0 0 0 4.5E05
91 |ELEMENT-3
92
93 |Tx 3.18131 0 o 0 o .4112| Dt 0 o 0 0 0 0
94 |1y o/ 3.18131 0 1.152 0 o o 0 0 0 0
o - .athen sum aJI @fmi heFz contributions vertical o oo o o oo
96 |Rx o/ 1.16002 o/ 3.18131 2.2651 Dn 5.50E-08 | ge CTE 0 o o 0 0 0 0
97 |Ry 118 0 o 0 3.18131 0 o 0 11 =R1 5.50E-08 | ge CTE 0 0 0 0 0 0 0
98 |Rz o 0 o o 0 22| =R2 5.50E-08 | ge CTE 0 o o 0 0 0 0
33 |pfp o o -1g121 7861 4 g2 TCRI 0 of 0.03633 0 0 0| -0.0017
10 s .10 gef the net focuserror at the detector per
102|Tx 1 0 o 0 o 0 o 0Dt 0 0 0 0
103 |1y [} 1 0 0 [} 0 [} o/DR1 0 0 0 0
1047z o 0 1 0 o 0 o o/ DRz 151603 64.496|7 2.34E-05 | al CTE 0 0 0 0
105 | Rx [ 0 [ 1 [ 0 [ 2 Dn 0 =t 0 0 0 0
106/ Ry o 0 o 0 1 0 o 0 inf -R1 0 0 0 0
107 |Rz o 0 o 0 0 1 o 0 =R2 0 0 0 0 =
108|0tp o 0 o 0 o 0 o 0 0 1 =n 0 0 0 0
109 | DETECTOR
110 0 0 0| -0.0061
111 |Thank you for using IVORY[tm| to prepare the Optomec| Constrain Equation: for 'IRREC". RY RZ DM
112|3

113 I
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L ooking more closely at the net registration error we see that a 1 deg C increase causes the
Image to fall in front of the detector by 0.0889 inches. It also causes a0.61% reductionin
Image size. Thereforefor a+10deg C chahge In temperature the focus witl shift +0.889
Inches.

2 34E065 | 2l CTE -0.001

== R=NE-NE=NE=Ri=]
[ R e Y e R e R e R e R =
oo Qo wmDo o
= DR = == == R = R == R =
o S . N o R o Y o R o R
L= D= I == R = = Ry =R =

L I = = e

L1 0 0.0339 ] i) -0.0061
X TY TZ R RY RZ ]

&

AT=+ 10 degC
Tzlimage}=%| 0.883805 inches

Answer to Task 1:

Tz of theimage = £10 deg C x £0.0889 inches per deg C = £0.889 inches.
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Task 2: Specify the requirements of an actuator to move Lens 3 the correct the thermal
focus errors.

s | 8 | ¢ | o | e | F | & | # | ¢ | o [ & | & | m | & | o | p | o B8 s | v | ouw | v | ow | x | v | z
85 |Ty 0| 0.10925 a a a a 0| -0.055%:DR1 o o o o o o o
_B_E_:T! o 0 -0.4835 o o 0| 0.0586 0.11602|DR2 6.69E04 2B.5816/Z 2.34E05|al CTE o o0 -0.0003 o o 0/ 3.9E05
E?_.R:l: 0| -3.2758 0.10925 4] 4] 0| 14.0513{Dn Z|= 5.50E-06 0 o 0 o o o o
Eﬁ_:ﬁ\r 3.27578 o 0! 0.10925 o o o 310 =R1 5.50E-06 o o o o o o o
89 |Rz 0 0 0 o 0 0 0 -215| =R2 5.50E-0E o ] o o o 0 o
| Df.p a 0 -0.0118 ) o 0| 2.01E03 ] 2,23E02| 4.0026|=n 4.00E04 1] 0 -0.0003 ] o 0 4.5E05
31 | ELEMENT-3
92
33 | T 3.18131 o 0 o 02112/t 0 0 o 0 0 0 0
5:1_:T\.| 0| 3.18131 o o -1.1525|DR1 0 0 0 o o 1] o
95 |Tz o 0 -3.7581 o 10.24606 DR2 9.956-04| 42.5233|Z 1.34e05 0 0 0.0037 o o 0 0.00033
98 |Rx 0| 1.16002 0 318131 -2.2651|Dn 15| =t 5.50E-08 E g ] a ] ] 0 a
-1.18 0 0 0 0 -11 =R1 5.50E-08 o 1] 1] o ] 0 o
a a a a a -22| =R2 5.50E-06 o o o o o o o
a 0 -10.121 a a -3.59E03| 4.0026|=n 4 00E04 o 0 0.03633 o o 0| -0.0017
-1 0 0 o 0 o Dt o 0 ] o o 0 0
o -1 H o H o o o o o o o 0 ]
a a -1 a a a a 1.51E03| 64.456|F 2.34E05 al CTE o o -0.0015 o o o o
0 0 O -1 0 0 0 0 =t o o o o o o o
o o o o -1 a o inf =R1 o o o o o o o
o a o a o -1 o =R2 o o o o o o o
o o o o o o o 0 1| =n 1] o o ] o 0 o
o 0 0.0889 1] ] 0 -0.0061
for using IVORY{tm! to prepare the Optomecl Constrain ation: for '|IRREC". ™ TY TZ RX RY RZ DI
AT=+ 10 degC
Tzlimage}=+ 0.88305 inches H |
zof lens #3= - 1.815981 inches
18| Depth offocus= 0.00815 inches [from Task 1)
11?5 Accuracys 0.01668 inches
120;
4 4 » ¥ | Tolerances | Thermal %] & N\ ! e
Ready |

Answer to Task 2:
Srokeat Lens 3 =2 x 0.889/0.4885 = 3.640 inches
Accuracy = 0.0167 inches (same as for Tolerances, Tutorial 1)
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