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Content

In this chapter we'll briefly investigate some optical componets and designs

= Prisms and Beam splitters
= Optical Slab

= Diffraction Grating

= Eye

= Beam Expanders
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Prisms and Beam Splitters
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Prism

Transparent medium between two planes is called a prism
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Reflective prisms

Dove prism
Deflecting Prisms Porro prism
Wedge prism Porro—Abbe prism
Anamorphic Prism Pairs Amici roof prism

Pentaprism

Abbe—Koenig prism
Schmidt—Pechan prism
Bauernfeind prism

\ Retroreflector prism

Polarizing Prisms

Nicol prism /
Wollaston prism

Nomarski prism Dispersive Prisms
Rochon prism Triangular prism
Senarmont prism Abbe prism
Glan—Foucault prism Pellin—Broca prism
Glan—Taylor prism Roof prism
Glan—Thompson prism Compound prism
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Triangular Prisms

In a typical dispersing prism:
n = refractive index

a,= angle of incidence

a, = outgoing angle

A = apex angle 90
D = angle of deviation i

INCIDENT
RAY

From basic geometry, we can show that
D —_ al ~+ az — A

60 [—

By applying Snell’'s law at both surfaces, we have

30 [—

DEVIATION (DEGREES)

a, = sin"![y/n2 — sin? a; sin A — cos A sin a, ]

0 30 60

INCIDENT ANGLE (DEGREES)

gy~



Minimum deviation occurs when a, = d,.

Dyin = 204 — A
and index of refraction is given by:

_ Sin[ (A + Dmin)/z]
B sin[ A/2]

n

Note that for a thin prism (i.e. A is small),
deviation angle is

D~=~(n—-—1)»A

INCIDENT
RAY

WHITE LIGHT

TELLOW
JGREEN

BLUE

The dispersion of white light into its component
wavelengths by a refracting prism (highly exaggerated).
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Right-Angle Prism

45°
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Fingerprint sensors

right-angle
prism
finger

laser
illumination

digital
CAaInecra

MIT 2.71/2.710
09/13/04 wk2-a-6
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Fabrication Errors

Due to manufacturing tolerances, the prism angles can be produced with certain

errors.

Assume that the upper angle is 45 + € degrees.
Final outgoing ray will deviate at angle 3¢ w.r.t normal.

45%+ ¢

Figure 4.40 The passage of a ray
through a right-angle prism
whose hypotenuse face is tilted
from its proper position by a
small angle e. After reflection,
the ray is deviated by 2e; this is
increased to 3e (or 2ne) by
refraction at the exit face.
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Dove Prism

Dove prism is used to invert an image.
Dove prisms are shaped from a truncated right-angle prism.
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Dove Prism as Beam Rotator

When a Dove Prism is rotated along its longitudinal axis, the transmitted image rotates at
twice the rate of the prism.This property is used in astronomy and pattern recognition.

Figure 420 The orientation of
an image by a Dove prism. (a)
Original position. (b) Prism
rotated 45°; image is rotated 90°
(c) Prism rotated 90°; image is
rotated 180°. Note that the dot-
ted arrow and crossbar in (b) is
oriented so that the dotted
arrow 1s in the plane of inci-
dence to simplify the analysis of
the image orientation.
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Porro Prism

= Porro prism is used to alter the orientation of an image.

= Porro prism systems are used in small optical telescopes and in binoculars to re-
orient an inverted.

|

Sayfa 13



Penta Prism

= Neither invert nor reverse the image.
= The function is to deviate the line of sight by 90°.
= Commonly used in the viewfinder of single-lens reflex cameras.

SILVERED /\,
4 =]
/‘_

fs

AYEE\

SILVERED
90° Y
~
Y ~s
Penta prism and its mirror equivalent y
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Rhomboid Prism

The rnomboid prism displaces the ray without affecting the orientation of
the image or deviating the line of sight.

Rhomboid prism and its mirror equivalent
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Wedge Prisms

= are ideal for laser beam steering applications.
= deflect a beam normal to the prism's perpendicular surface through an angular deviation

ranging from 2° to 10°.

\A /

Circle Traced By _/
Rotating Prism 360°

Click to Enlarge

The drawing above depicts a single wedge prism and an incident beam of
light. The incident light is refracted at the specified deviation angle. As the
wedge is rotated, the deviated beam traces out a circle defined by an
angle equal to two times the specified deviation angle.

Beam May Be Pointed
Anywhere Within The Circle
Click to Enlarge

The drawing above depicts two wedge prisms and an incident beam of
light. Since each individual prism can trace out a circle of two times the

deviation angle, the total deviation by two prisms wil be four imes the
deviation angle. By controling the angle of each prism independently, the
bearmn can be positioned at any point within the circle.
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Beam-Spliters

A beamsplitter cube

= |s composed of two right-angle prisms cemented together
(The hypotenuse of one prism is coated with a semi-reflecting coating before
cementing)

= |s used for separating one beam into two
= |s used for combining two beams (or images) into one
= |s the crucial part of most interferometers !

2
e T e ———

g
— ] = = | ——— -

Beam splitter cube:

1 - Incident light
2 - 50% Transmitted light
3 - 50% Reflected light
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Beam-Spliters
A beamsplitter mirror
Another design is the use of a half-silvered mirror. This is composed of an optical substrate,

which is often a sheet of glass or plastic, with a partially transparent thin coating of metal
(such as Al).
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Example: Prisms and Beam Spitterts in Zemax

Look at the Zemax sample folder:
..\Zemax\Samples\Sequential\Tilted systems & prisms
E.g. investigate the following samples:

- Prism using total internal reflection.zmx
- Beamsplitter cube.zmx
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Optical Slab

Sayfa 20



Optical Slab

It is a flat piece of glass can be used to displace a light ray
laterally without changing its direction.

e—  —3

- Fullequation

defflection {cm)

d=tsin(0)|1— cos(9)
Jn? —sin2(9)

Note that if 8 is small then: d z( ) ¥~ smallangle

n app;roxln‘;iatlor?

0 10 20 20 40 a0 &0 70 30 20

angle in derees



Optical Slab (for small angles)

¢ ~

T~

index n

—

1

thickness t

indexn/

0=(n-1)a g= (-1t
for small angles n
thickness t _ e
index n 5 n
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Example: Shifting Total Length via Slab

In this example, we will see how to shift total length of an optical system.
197
— =

Theory says:
d=1.5783 mm

*ENPD =20 mm

* A =550 nm.

* Object is at infinity

* Image plane is placed at paraxial focus

*N-BK7 lens: R; = 36 mm, R, =-240 mm, ct =5 mm
*N-SF2 Slab: t=4 mm

Determine EFFL and TOTR of the system with and without optical slab.

ENPD: Entrance Pupil Diameter
EFFL: Effective Focal Length
TOTR: Total Track Length
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Diffraction Grating
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Diffraction Grating

A large number of equally spaced parallel slits is called a diffraction grating.

Gratings containing 1,000 lines (or slits) per millimeter are common, and

are very useful for precise measurements of wavelengths.

Transmission Grating

monhochromatic
light

m=4

reflection M=-1
grating

m=-2

The reflection grating

A CD illuminated with
white light is a reflection
diffraction grating
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Diffraction Grating

/ N\
So urc cf.f’” \H‘x

' ' ' it i / -"':-CDllimamr Grating
The diraction grating for peak angular position of bright VA sl Vel '.
fringes equation is: s\ L

dsin(8) = mA N

m = an integer to represent the order of the diffraction. Telescope A
A = wavelength of the incident light Eve
d = slit with “

If N is the number of rulings per unit length (e.g. lines/mm) thend =1/ N.
For example, if we have a grating with N = 600 lines/mm then d = 1/600 mm.

This equation is used in spectrometers which is a device to measure wavelengths accurately using
a diffraction grating to separate different wavelengths of light.
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Example: Diffraction Grating in Zemax

A simple diffraction grating can be added in Zemax as follows.

First insert a surface in LDE.
Then, change the surface type as Diffaction Grating

| Lens Data * - 0O X
Update: Al Windows~ @ @& + @Kl . L # P L@@ O-£ ¢ o > e =h (@

« | Surface 2 Properties ¢ > Configuration 1/1

4 Surface Type Comment Radius Thickness Matei Co Semi-Diameter  Chip Zone  Mech Sen

0 OBJECT Standard ~ Infinity Infinit 0.000 0.000 0.000

1 STOP Standard - Infinity 10.000 2.500 0.000 2.500

2 Diffraction Grating ~ [nfinitﬁ | 10.000 2.500 - -

3 IMAGE Standard ~ Infinity 11.198 0.000 11.198
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Let N = 1000 lines/mm =1 line / ym, m = 1 (diffraction order), A =F,d, C (visible), ENPD =5 mm

| Lens Data
Update: All Windows - G@"I" @K - e P ﬁ | O'i G &

~ | Surface 2 Properties < @ »

* — 0O X

S @
Configuration 1/1

| 4 Surface Type Matei Co Semi-Diameter  Chip Zone  Mech Sen Conic TCE x 1E- Lines/um | Diffract Orc
0 OBJECT Standard ~ iy 0.000 0.000 0.000 0.000 0.000
1 5TOP Standard ~ 0 2.500 0.000 2.500 0.000 0.000
2 Diffraction Grating * 0 2.500 - - 0.000 0.000 1.000 1.000
3 IMAGE Standard ~ - 89.478 0.000 89478 0.000 0.000
. | m | k)
ﬂ-) 2: 3D Layout * - 0O X
v) Settings | & 53 Ii:ﬂ @ 4 D / - AH Jt'|z|@| Q@ & |E| i 0 3+ 1: Spot Diagram *+ -0 X
Line Thickness ~ '@' ~) Settings | & B3 nﬂ g;q r D/— A 2 |E| i B 3x4-v @ Standard ~ Automatic *
@
B-0.486133
a0, 587562
_ OBJ: 0.0000 (degd B4+0.656273
N IMA: 0,000, 7.260 mm
ko
4 10 Surface: TMA St BT
3D Layout | | ﬁﬁ"lﬁzliegzum Legend items refer to Wavelengths Ucﬁxzv:ear:t'ieta'
25.03.2022 Gaziantep R padi ‘-l 220458
University CED radiue : 419832 cont LEN§E-2051 1
rﬂ—;;"!-ft“sﬂ-_;gsq — | Sl:aleihiaLr I: ].E;(ji I Reference : Chief Ray ontiguration 1 o
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Spot diagram 3D Layout

%+ 1: Spot Diagram * =0 X $'2:3D Layout *=0X
v Settings | & 53 hﬂ[;éa 4 D/"— A g |E| i OE ixd- 0 Standard ~ Automatic + ) Settings | & B3 hﬂg&g r4 D/— A *-|I|@|<{+ Q g |E| = @
L2 Line Thickness = '@'
B-0,486133
Be(, 587562
OBJ: 0.0000 (deg) Bs0.656273

10000.00

IMa: 0,000, 7,261 mm

surface: TMA LZ

Spot Diagram

25.03,2022 Caziantep ¥ 1 10 mm

Units are pm. Legend items refer to Wavelengths University

Field : 1 30 Layout

FM5 radius @ 2204 .89 -

GEO radius : 4198.32 . LEWS.Z0% 25032022 Gaziantep
| Scale bar @ le+04 Raference : Chief Ray Configuraticn 1 of 1 Uni Vers.l'ty
|\ _Graph [ Text LENS 205

Configuration 1 of 1
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Eye
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Eye (Perfect Light Detector)

= The majority of optical systems utilize
the eye as the final element of the system

= A normal eye focuses light and produces a
sharp image better than a camera.

= Eye forms images of a continuum of objects,
at distances of a 25 cm to infinity.
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Biological Structure of Eye

1. Light entering the eye passes through a
transparent structure called the cornea.

2. Pupils are opening in the iris.

3. Crystalline lens focuses light onto the back
surface of the eye, the retina which consists of
millions of sensitive receptors called rods and
cones.

4. The receptors send light impulses via the optic

nerve to the brain, where an image is perceived.

Cornea
(‘.rystalline\;

lens

Pupil

Ciliary
muscle

Aqueous =

humor

=

\

\

\

Vitreous
humor

Retina

Y / Retinal
"N arteries

and veins

o N\
E— S .' ;
A e | Optic

a [ nerve

Y

Sayfa 32



Eye and Camera

Image formation

Accommodation in Eye and Camera

Distant focus
| ! ];" Distant focus m
Fi
----------------------- @) =
|
v . _ ;
S,

http: Ahyperphysics. phy-astr. gsu.eduf

http:Ahyperphysics. phy-astr.gsu. eduf
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Spectral Response of Eye

The human eye is not equally sensitive to all wavelengths of visible light.

10

08 SCOTOPIC The relative sensitiv-

ity of the eye to different wave-
PHOTOPIC  lengths for normal levels of
illumination (photopic vision)
and under conditions of dark
adaptation (scotopic vision).

06

04

0.2

RELATIVE SENSITIVITY

04y 0.5u 06u 0.7u
WAVELENGTH
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Optical Represeantation of Eye

i
ey 22 3B mm i

* 20 mm ]

Z.38 mm ——

1.86 mn ——a]
et 185 mm
7.38 mmi
g
F Sy

6.968 mm -

3.6 mm i

T} i

Figure 7-2 Representation of H. V. Helmholtz’s schematic eye 1, as modified
by L. Laurance. For definition of symbols, refer to Table 7-1. (Adapted with per-
mission from Mathew Alpern, "The Eyes and Vision,” Section 12 in Handbook of

Optics, New York: McGraw-Hill, 1978.) Sayfa 35



Eye Model in Zemax OpticStudio

Read the article:
https://support.zemax.com/hc/en-us/articles/1500005575082-OpticStudio-models-of-the-human-eye

e - FrE—————

v - 0O X (P 1: Layout .. v - 0O X
@SBﬂingS‘3 ﬂiﬁﬂ‘ ,D/—A| ﬁ‘ﬁ' 314'”5”0 (V) Settings zﬂamﬁl /D/‘—A|Q|E = 3x4v|Standardv Ie
=

1
L—— = e — =
l—— l—— el = — B el

T

St
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Eye Model in Zemax OpticStudio

Read the article:

https://support.zemax.com/hc/en-us/articles/1500005575082-OpticStudio-models-of-the-human-eye

__ Lens Data

v = O X

Update: Al Windows~ & -+ @Kl - L5 & b £ @ O-£ ¢ o ; we=h @

v Surface 7 Properties < > Configuration 1/1

. Surface Type Comment Radius Thickness Material Conic Semi-Dian Chip Zone Mech Semi C
0 OBJECT Standard ~ 250.000 246.000 0.000 0.000 U 0.000 0.000
1 Standard ~ Infinity 4.000 0.000 4.033 0.000 4.033
2 (aper) Standard~ CORNEA 7.800 0.520 CORNEA -0.500 6.000 U 0.000 6.000
3 (aper) Standard~ 6.700 2.700 AQUEOUS -0.300 6.000 U 0.000 6.000
4 STOP Standard -~ IRIS Infinity 0.100 AQUEOQOUS 0.000 2.000 U 0.000 6.000
5 (aper) Standard~ LENS 7.000 4.300 LENS 0.000 4750 U 0.000 6.000
6 (aper) Standard~ -5.300 16.380 VITREOUS -3.500 4750 U 0.000 6.000
7 (aper) Standard~ RETINA -11.000 1.000 VITREOUS 0.000 5.481* - -
8 IMAGE (Standard - SCLERA -12.000 - -5.000E-03 5.780* - -
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Beam Expanders

Laser Beam Expander

Mounting Lens Housing

Expander RiNg
ens

Laser Laser
Input Output

Focusing
Ring Lens System

Collimating
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Beam Expander

Beam exapanders are frequently used in
optics lab.They are preferred in afocal A
apllications such as interferometer, laser Eh‘ﬂ ;:' m
scanner and collimator. |

Keplerian Beam Exapander ("‘,"‘)

At basic level we use two lenses

(PP and NP) with design parameters:

m:—fzzz2 t=1f +f,

People usually select off-the-shelf (stock)
optical components to design beam
expanders, since they are easy and
cheaper to construct.

Lensl

t=1 +1,

Galilean Beam Exapander (—,—)

t="f +f,

2h,



Example: Desighing Beam Expander via Lens Catalog

In this example, we’ll design a beam expander using Newport’s lenses
KBX022 (f=+12.66mm) ve KPX229 (f=+199.3mm) which are available

In Zemax Lens Catalog, hence the magnification is m = 16x.

We need to optimize only the distance between lenses (t = ?).

Insert these lenses to LDE.

Design parameters:
Wavelength = 632.8 nm (HeNe)

Gaussian beam
ENPD =1 mm
Apodization factor = 2

. Lens Data
Update: All Windows - c @ + @ ¥ LR
v | Surface & Properties <

os i Pdm RI2CS2 | 7|
File Setup Analyze Cptimize Tolerance
: ol “~ A

Materials Materials Materials Glass Substitution

Catalog Analyses ~

: =i @ I:@I

Configuration 1/1

Tools v

Nintiral Matenale

Template

E—

Libraries Part D

3 .

Lens Make Private

Catalog [atalog

;/(fnrl( Daric

* — 0O X

4 Surface Type Comment Radius Thickness

0 OBIJECT Standard - Infinity Infinity

1 5TOP Standard = Infinity 10.000

2 (aper) Standard = KBX022 11.868 6,680

3 (aper] Standard ~ -11.868
4 (aper) Standard - KPX229 103.360 10.270

5 (aper] Standard ~ Infinity 100.000

6 IMAGE Standard = Infinity

Material Coi

BKY

BKY

Clear Semi-Dia

Chi
0.000 0.0.
0.500 0.0.
6.350 U 0.0
6.350 U | 0.0

38100 U 0.0

38100 U 0.0
7.698 0.0,

Mech Semi Conic TCE x 1E-6
0.000 0.0... 0.000
0.500 0.0... 0.000
6.350 0.0... -
6.350 0.0... 0.000

38.100 0.0...
38.100 0.0... 0.000
7.698 0.0... 0.000

W w -

Cross-Section 3D  Shaded
Viewer Model

System Viewers [P
System Explorer (3) v I

|| 1
Rays & Aberrati
Spots ~ v

Update: All Windows ~
v Aperture

Aperture Type:

|Entrance Pupil Diameter v ’

4 Aperture Value: )
1.0

Apodization Type:

‘}Gaussian v I

Apodization Factor:

m

20
\, .

Clear Semi Diameter Margin Millimeters:

0.0

Clear Semi Diameter Margin %
0.0
Global Coordinate Reference Surface

2 -

Telecentric Object Space

EV Afocal Image Space j

|| Iterate Solves When Updating

V| Fast Semi-Diameters
|"| Check GRIN Apertures
b Fields

— -y - -



Setup MFE as given below and click on Apply button.

After optimization, it is clear that the distance betwwen lenses must be t = 209.563 mm.

» Merit Function Editor

PHRYX|ARGC®

-y m@[&u

* — 0O X

# | Wizards and Operands Merit Function: 9999999736.09488
Optimization Wizard imization Eunction Pupil Integration Boundary Values -
Current Operand (1)
Image Quality: Wavefront ﬂ @ Gaussian Quadrature []Glass  Min: ]
Spatial Frequency: 30 - Rectangular Array Max: le+03
X Weight 1 Rings: [3 =) Edge Thickness: | 0 c
Y Weight: 1 Arms: [5 v | [0 air Min: 0
Type: @| Obscuration: 0 Max: 12403
Reference: Centroid - | Edge Thickness: |0 R

[C] Max Distortion (36): A
] Ignore Lateral Color

Optimization Goal

Start At:

15 Configuration: | All v|

Assume Axial Symmetry ~

3

. Lens Data -
Update: All Windows - @ @& + @ ¥l - L & » G = O-£¢® S++=@

v | Surface 6 Properties < Configuration 1/1

( . Surface Type Comment Radius Thickness Material Coi Clear S5emi-Dia Chi Mech Semi Conic TCE
0 OBJECT Standard ~ Infinity Infinity 0.000 0.0. 0.000 0.0... 0
1 STOP Standard - Infinity 10.000 0.500 0.0. 0.500 0.0... 0
2 (aper) Standard ~ KBX022 11.868 6.680 BK7 6.350 U 0.0 6.350 0.0...

3 (aper) Standard ~ -11.868 6.350/ U 0.0 6.350 0.0... 0
4 (aper) Standard ~ KPX229 103.360 10.270 BK7 38.100 U 00. 38100 0.0...

5 (aper) Standard ~ Infinity 100.000 38.100 U 0.0. 38100 0.0... 0
6 IMAGE Standard ~ Infinity - I. 71.873 0.0. 7.873 0.0... 0
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Example: Designing Beam Expander without Lens Catalog

Beam expanders are afocal systems. Afocal systems don’t have an effective focal length and

thus provide no net convergence or divergence of the incident light beam.

To enable Afocal Image Space in Zemax, navigate to the System Explorer...Units and check

the setting.

System Explorer @
Update: All Windows ~

» Units
~ Aperture

Aperture Type:

w

Entrance Pupil Diameter

Aperture Value:
0.0
Apodization Type:

| Uniform

Semi Diameter Margin Millimeters:
0.0

Semi Diameter Margin %

0.0

Global Coordinate Reference Surface

1

Telecentric Object Space

| Afocal Image Space

|| Iterate Solves When Updating

System Explorer @

Update: All Windows ~

» Units
Lens Units:

| Millimeters

Source Unit Prefix:

| None

Source Unit:

| Watts

Analysis Unit Prefix:

| None

Analysis Unit:

Watts per cm?

Afocal Mode Units:

| arc-minutes

MTF Units:

| cycles/millimeter
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This is intended to be a 5x beam expander,
working at the red He-Ne line, and to

have minimum RMS wavefront error.

In the starting design there is no power in

the optics and therefore no beam expansion.

Let ENP =5 mm

~_ Lens Data

Update: All Windows~ - & E1 . - &
v Surface 6 Properties < ~

b & O-

G} 1: Layout

* - O X

v P Rhakle S0 -A +:'*0~ 2 EE = @ Line Thickness - @

il

v - O X

0 | OBJECT Standard ~
| 1 STOP Standard ~ input beam
2 (aper) Standard ~ expander
| 3 (aper) Standard ~
|4 (aper) Standard v collimator
5 (aper) Standard v
| 6 IMAGE Standard v output beam

‘|

Surf:Type Comment Radius

Infinity
Infinity
Infinity V
Infinity V/
Infinity V
Infinity V
Infinity

Configuration 1/1 -

Thickness Material
Infinity
5.0000

10.0000( |  N-BK7
200.0000

10.0000 N-BK7

10.0000

m

Coating

Semi-Diameter
0.0000
5.0000 U
5.0000 U
5.0000 U
15.0000 U
15.0000 U

15.0000 U
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Then open the Merit Function via Optimize...Merit Function Editor and select
Optimization Wizard from the settings.

e Merit Function Editor v - 0 X
t A BPIYX ARG S+«
~ Wizards and Operands < > Merit Function: Click Update to Calculate
Optimization Function Pupil Integration Boundary Values
Current Operand (5) ,
Criterion: Wavefront v ®) Gaussian Quadrature [] Glass Min:
Spatial Frequency _) Rectangular Array Max: =
X Weight: ' Rincys 2 i Edge Thickness:
Y Weight ' e 2 } (] Air Min:
Type: RMS = Obscuration: |0 Khie 1e+03
Reference: Centroid b Edge Thickness:
Start At 28]  Configuration: | Al o e Al St |
Overall Weight: |1 Field: Al Ignore Lateral Color: L]
Add Favorite Operands: [ |
OK H Apply H Close Save Settings H Load Settings ” Reset Settings | (7]

Note that we can build a default Merit Function to minimize wavefront error, spot radius (and X, Y individually) or angular
error as a radius or as x and y separately. In this case, we will choose Wavefront, and use 5 rings in the Gaussian
Quadrature algorithm because we want a well-corrected system.
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The only extra information OpticStudio needs is the size of the output beam.

The input beam is 5 mm, and the magnification is 5%, so the output beam should have

a diameter of 25 mm. Insert a new operand before the DMFS statement in the merit function,
and enter the REAY operand as follows:

+ Merit Function Editor v - O X
tEHBRIYX &R § S @
~ Wizards and Operands > Merit Function: 0
Optimization Wizard
Gurrert Opesandili) Operand: REAY ~ Surf: 6 Target: 12.5000
Row Color: |Defau|t Color v Wave: 1 Weight: 1.0000
Hx: 0.0000
Hy: 0.0000
Px: 0.0000
Py: 1.0000

This requires the real ray y-coordinate on surface 6 (the image surface) to have a
height of 12.5 mm. Then click Optimize...Optimize! and press the Start button.

'd R
ﬁ Local Optimization | = l-ﬁhj
Algorithm: |Damped Least Square ¥ ’ # of Cores: ‘4 7 ‘
Targets: 6 Cycles: |Automati~ v ‘
Variables: 4 Status: Idle
Initial Merit Function: ~ 4.913786798 Execution Time: 0.530 sec
Current Merit Function: 0.000075040
|| Auto Update Start Exit ’ ©
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v -ox ;i:ZTRaTIEBn -
£ 3x4+ @  Thickest- @ vicah&a /0 =—AlQ

OpticStudio quickly optimizes the afocal system. baomrn "

vizhkR& /O/ =A

ey ex

| [ﬁ 1: Layout * — O X |
cEBpim / —_ ! . Line Thick
vl | e 53 (] 2 i ine Thickness - \
Optical Path Difference Transverse Ray. Fan Plot
ansverse Ray Fan
2015/9/17
3 s, = — 2015/9/17
:a';;";m Reln:s R 00001, Yove Haximum Scale: * 2.88E-803 arc-min.
_— afocal sample.zmx e.633 IR
Surface: Ima ) configuration 1 of 1 =
= 22 fomun fren SRR Surface: Image (output beam) Configuration 1 of 1
—\ Graph L Text: I \ Graph L Text I
1+ 3: Spot Diagram - [\F 5: FFT MTF L -
viehhes /O =A 2 EE 2 2 3x4- @ Standard -+ Automatic~ @ vViehhe /0 =A 2 ;E!"i. £ 3x4- @ Standard - Automatic~ @
|E + 0.6328
"
0B]: 0.0000 (deg) 1.0
.
w 8.8
=
=)
@
= 8.6
PR
Vs B> 5
- g 0.4
: O] 3
® 3
\,. 4 £ 0.2
", 3 Py
]
[} 1.2 2.4 3.6 4.8 6.0 7.2 8.4 9.6 10.8 12.@
Angular Frequency in cycles per arc-min
IMA: ©.0000 rad @—©.8008 (deg)-Tangential [@-.-8.2808 (deg)-Sagittal
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