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eáÖÜJÅçåíê~ëí=áã~ÖáåÖ
ïáíÜ=äáèìáÇ=Åêóëí~äë

cê~åë påáâ

áåëíêìãÉåí~íáçå=Ñçê=
ÜáÖÜJÅçåíê~ëí=áã~ÖáåÖ

Åçêçå~Öê~éÜó

ï~îÉÑêçåí ëÉåëáåÖ

éçä~êáãÉíêó

EáåíÉÖê~ä=ÑáÉäÇF
ëéÉÅíêçëÅçéó

~Ç~éíáîÉ=çéíáÅë
Åçåíêçä

áåíÉêÑÉêçãÉíêáÅ
ã~ëâáåÖ

Éñçéä~åÉí=
çÄëÉêî~íáçåë

ÇáêÉÅí=~íãçëéÜÉêáÅ
ÅÜ~ê~ÅíÉêáò~íáçå

e^ompPW=ê~Çá~ä=îÉäçÅáíó
H=ëéÉÅíêçéçä~êáãÉíêó

Çáëâ=ëÅáÉåÅÉ

b~êíÜ=C=sÉåìë
~ë=~å=Éñçéä~åÉí

~ääJëâó=íê~åëáí
çÄëÉêî~íáçåë

~ëíêçÄáçäçÖó

ÅáêÅìä~ê=ëéÉÅíêçéçä~êáãÉíêó
çÑ=éÜçíçëóëíÉãë

ÅáíáòÉå=ëÅáÉåÅÉ

ápmbuOKM=ãÉ~ëìêÉãÉåíë=
çÑ=~áê=H=ï~íÉê=èì~äáíó

`áíáòÉå=pÅáÉåÅÉ=i~Ä
~êí=éêçàÉÅíë

~êíáëí=áå=êÉëáÇÉåÅÉ=éêçÖê~ã

~êíHëÅáÉåÅÉ Åçää~Äçê~íáçåë

~íãçëéÜÉêáÅ=
êÉãçíÉ=ëÉåëáåÖ

pmbu

Ñäópmbu

ÅçãéêÉëëáîÉ=íê~ÅÉ=
Ö~ë=áã~ÖáåÖ

ÜóéÉêëéÉÅíêçéçä~êáãÉíêáÅ
áã~ÖáåÖ

ÉÅäáéëÉH~ìêçê~
éçä~êáãÉíêó

åìãÄÉê=çÑ=âåçïå=éä~åÉíë
áå=NVVR

V

åìãÄÉê=çÑ=âåçïå=éä~åÉíë

NP=j~ê=OMNU

UHPTQP

mêçñáã~ Ä
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qo^mmfpqJN=ÄJÜ

páêáìë=^C_ eoUTVV
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Åä~ëëáÅ~ä=éÜ~ëÉ

ÅêÉÇáíW=dáääÉë=lííÉå

Åä~ëëáÅ~ä=éÜ~ëÉ

ÅêÉÇáíW=dáääÉë=lííÉå

Åä~ëëáÅ~ä=éÜ~ëÉ

ÅêÉÇáíW=dáääÉë=lííÉå

Åä~ëëáÅ~ä=éÜ~ëÉ

ÅêÉÇáíW=dáääÉë=lííÉå

ÖÉçãÉíêáÅ=éÜ~ëÉ

ÅêÉÇáíW=dáääÉë=lííÉå
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ÖÉçãÉíêáÅ=éÜ~ëÉ

ÅêÉÇáíW=dáääÉë=lííÉå

ÖÉçãÉíêáÅ=éÜ~ëÉ

ÅêÉÇáíW=dáääÉë=lííÉå

ÖÉçãÉíêáÅ=éÜ~ëÉ

ÅêÉÇáíW=dáääÉë=lííÉå

äáèìáÇJÅêóëí~ä=ÑêÉÉÑçêã=çéíáÅë

NK ~åó=éÜ~ëÉ=é~ííÉêå=íÜ~åâë=íç=ÇáêÉÅíJïêáíÉ=
íÉÅÜåáèìÉ

jáëâáÉïáÅò

C=bëÅìíá EOMNQF

OK ~ÅÜêçã~íáò~íáçå íÜ~åâë=íç=ëÉäÑJ~äáÖåáåÖ=
ãìäíáJíïáëí=äáèìáÇ=Åêóëí~ä=êÉí~êÇÉê

hçã~åÇìêá Éí=~äK=

EOMNPF

äáèìáÇJÅêóëí~ä=ÑêÉÉÑçêã=çéíáÅë

bëÅìíá Éí=~äK=EOMNSF

äáèìáÇJÅêóëí~ä=ÑêÉÉÑçêã=çéíáÅë

PK îÉêó=äçÅ~ä=~åÇ ÉÑÑáÅáÉåí=éÜ~ëÉ=ê~ãéë
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íÜÉ=êÉëí=çÑ=íÜÉ=í~äâW

NMMN=ï~óë=íç=Éñéäçáí=
íÜáë=~ã~òáåÖ=íÉÅÜåçäçÖó

^Çêá~Éå î~å=ÇÉ=sÉååÉ bãÄäÉã~í~ çÑ=òáååÉJïÉêÅâ ENSOQF=
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ëÉé~ê~íáçå=Ñêçã=ÅÉåíê~ä=ëí~ê=E~êÅëÉÅF

MKM MKN MKO MKP MKQ MKR
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gìéáíÉê

b~êíÜ
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ëÉé~ê~íáçå=Ñêçã=ÅÉåíê~ä=ëí~ê=E~êÅëÉÅF

MKM MKN MKO MKP MKQ MKR

ëí~ê

gìéáíÉê

MKS

ÉñíêÉãÉ=~Ç~éíáîÉ=çéíáÅë=EëÅ~äÉ=êÉåçêã~äáòÉÇF

Åçåíêçä=ê~Çáìë=Z=λLÇëìÄ~éK

UJã=siqI=ëçä~ê=ëóëíÉã=~í=NM=é~êëÉÅI=λZSMM=åã

b~êíÜ
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i_q=^l

ibñf ibñf
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MKM MKN MKO MKP MKQ MKR

ëí~ê

gìéáíÉê

MKS

Åçêçå~Öê~éÜó

áååÉê=ïçêâáåÖ=~åÖäÉ=Z=~=ÑÉï=λLa

UJã=siqI=ëçä~ê=ëóëíÉã=~í=NM=é~êëÉÅI=λZSMM=åã

b~êíÜ

^éçÇáòáåÖ=mÜ~ëÉ=mä~íÉ=Åçêçå~Öê~éÜ

Åä~ëëáÅ~ä=éÜ~ëÉ
• ÅÜêçã~íáÅ
• áãéçëëáÄäÉ=íç=ã~åìÑ~ÅíìêÉ=ÉñíêÉãÉ=é~ííÉêåë
• çåäó=NUM° áåëí~åí~åÉçìë=ëÉ~êÅÜ=ëé~ÅÉ

0

+p

-p
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0

+p

-p

îÉÅíçêJ^mm=Åçêçå~Öê~éÜ îÉÅíçêJ^mm=Åçêçå~Öê~éÜ
ÖÉçãÉíêáÅ=éÜ~ëÉ
• áåÜÉêÉåíäó=~ÅÜêçã~íáÅ=
• ìëÉ=äáèìáÇ=Åêóëí~äë=Ñçê=ÉñíêÉãÉ=é~ííÉêåë
• íïç=ÅçãéäÉãÉåí~êó=mpcë

påáâ=Éí=~äK=pmfb=EOMNOF

îÉÅíçêJ^mm=Åçêçå~Öê~éÜ
ÖÉçãÉíêáÅ=éÜ~ëÉ
• áåÜÉêÉåíäó=~ÅÜêçã~íáÅ
• ìëÉ=äáèìáÇ=Åêóëí~äë=Ñçê=ÉñíêÉãÉ=é~ííÉêåë
• íïç=ÅçãéäÉãÉåí~êó=mpcë

NK=áåëÉåëáíáîÉ=íç=íáéJíáäí=Éêêçêë

ÄÉåÉÑáíë=çÑ=î^mm Åçêçå~Öê~éÜ

OK=éÉêãáíë=ÄÉ~ãJëïáíÅÜáåÖ=áå=íÜÉêã~ä=fo

ÄÉåÉÑáíë=çÑ=î^mm Åçêçå~Öê~éÜ

PK=ìåéêÉÅÉÇÉåíÉÇ=Äêç~ÇÄ~åÇ=éÉêÑçêã~åÅÉ

ÄÉåÉÑáíë=çÑ=î^mm Åçêçå~Öê~éÜ
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QK=Å~å=ÄÉ=ã~åìÑ~ÅíìêÉÇ=Ñçê=rs=−=ãáÇJfo

ÄÉåÉÑáíë=çÑ=î^mm Åçêçå~Öê~éÜ

RK=ÜáÖÜ=Åçåíê~ëí=íÜ~åâë=íç=ÉñíêÉãÉ=éÜ~ëÉ=é~ííÉêå

ÄÉåÉÑáíë=çÑ=î^mm Åçêçå~Öê~éÜ

SK=ëã~ää=áååÉê=ïçêâáåÖ=~åÖäÉ

ÄÉåÉÑáíë=çÑ=î^mm Åçêçå~Öê~éÜ

TK=PSM° ëÉ~êÅÜ=ëé~ÅÉ=~êçìåÇ=ëí~ê

ÄÉåÉÑáíë=çÑ=î^mm Åçêçå~Öê~éÜ

UK=É~ëó=ìéÖê~ÇÉ=íç=ÉñáëíáåÖ=áåëíêìãÉåíë

ÄÉåÉÑáíë=çÑ=î^mm Åçêçå~Öê~éÜ íÜÉ=î^mm éêçíçíóéÉ
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lííÉåI=påáâI=Éí=~äK=EOMNQF

íÜÉ=î^mm éêçíçíóéÉ

lííÉåI=påáâI=Éí=~äK=EOMNQF

íÜÉ=î^mm éêçíçíóéÉ

lííÉåI=påáâI=Éí=~äK=EOMNQF

íÜÉ=î^mm éêçíçíóéÉ

lííÉåI=påáâI=Éí=~äK=EOMNQF

íÜÉ=î^mm éêçíçíóéÉ

lííÉåI=påáâI=Éí=~äK=EOMNQF

íÜÉ=î^mm éêçíçíóéÉ Öê~íáåÖJî^mm EÖî^mmF

lííÉåI=påáâ Éí=~äK=pmfb=EOMNQF
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j~Ö^l çåJëâó=Ej~ó=SI=OMNRF=PKV=μã

lííÉåI=påáâI=Éí=~äK=EOMNTF

NUM=ÇÉÖêÉÉ mpc=ëìÄíê~Åíáçå

çåJëâó Åçåíê~ëí

lííÉåI=påáâI=Éí=~äK=EOMNTF

Oñ=UKQJã=i_q=L=ijfo`~ã

SKRJã=jjq=L=jjqéçä

UKOJã=pìÄ~êì=L=p`bñ^l

SKRJã=j~Ö~ää~å L=j~Ö^l

L=j~Ö^lJu

QKOJã=teq=L=ibñf

PMJÅã=eá`f_~p

UKOJã=siq=L=pmebob=ìéÖê~ÇÉ

L=bofp

Öê~íáåÖ=~éÉêíìêÉ=ã~ëâ

açÉäã~åI=påáâI=Éí=~äK=EOMNTF

pìÄ~êìLp`bñ^lL`e^ofp=î^mm
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pìÄ~êìLp`bñ^lL`e^ofp=î^mm pìÄ~êìLp`bñ^lL`e^ofp=î^mm
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bpl=C=cp

pmebob=]=siq=rqP

qáí~å=ïáíÜ pmebobJwfjmli

áåíÉåëáíó éçä~êáò~íáçå

ÇÉ=hçâ Éí=~äK=EOMNNF

fo=éçä~êáãÉíêó=çÑ=Åçãé~åáçåë

píçäâÉê Éí=~äK=EOMNTF

î~å=eçäëíÉáåI=påáâ Éí=~äK=EOMNTF

fo=éçä~êáãÉíêó=çÑ=Åçãé~åáçåë
eoUTVV

íÜÉ=bìêçéÉ~å=bñíêÉãÉäó=i~êÖÉ=qÉäÉëÅçéÉ
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ÅêÉÇáíW=hÉå=aìåÅ~å

~äëç=PSMJî^mm=
ïáíÜ=ÜìÖÉ=çìíÉê=
ïçêâáåÖ=~åÖäÉ=Ñçê=
ÅêçïÇÉÇJÑáÉäÇ=
çÄëÉêî~íáçåë

ÅçìêíÉëóW=a~îáÇ=açÉäã~å

çéíáã~ä=éÜ~ëÉ=é~ííÉêå=ÇÉëáÖå=ÅçÇÉ=Äó=bãáÉä mçê
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ÅçìêíÉëóW=j~ííÜÉï=hÉåïçêíÜó H=jbqfp=e`f=íÉ~ã

iLj=î^mm

iLj=î^mm

ï~îÉäÉåÖíÜJëÉäÉÅíáîÉ=î^mm\

ÅçìêíÉëóW=píÉîÉå=_çë

ÜÉêáí~ÖÉ=Ñêçã=j~Ö^lI=i_qI=bofp

ÅçìêíÉëóW=a~îáÇ=açÉäã~å
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hÉääÉê=Éí=~äK=EOMNMF

î^mm

ÜóÄêáÇ=
Åçêçå~Öê~éÜó

~Ç~éíáîÉ=
Åçêçå~Öê~éÜó

ÑçÅ~äJéä~åÉ=
ï~îÉÑêçåí
ëÉåëáåÖ

ëéÉÅíêçëÅçéó
éçä~êáãÉíêó

NMJV
çîÉê~ää=
Åçåíê~ëí

ìå~ãÄáÖìçìë
ÅÜ~ê~ÅíÉêáò~íáçå

táäÄó Éí=~äK=EOMNTF

î^mm H=ÜçäçÖê~éÜáÅ=ãçÇ~ä=tcp

îÉÅíçêJwÉêåáâÉ=tcp

ãáÅêçëÅçéÉ=áã~ÖÉ=çÑ=éêçíçíóéÉ

D/2 = 4f
S/2 - f2 = A2

= int.

0
p/2

0

0

A2 + 2f + f2

HWP

A2 + 2f + f2

A2 - 2f + f2

îÉÅíçêJwÉêåáâÉ=tcp

açÉäã~åI=påáâI=Éí=~äK=Eíç=ÄÉ=ëìÄãáííÉÇF

éÜ~ëÉ ~ãéäáíìÇÉ
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deneral lptical aifferentiation WFS

e~ÑÑÉêí EOMNSF

deneral lptical aifferentiation WFS

ÅçìêíÉëóW=pÉÄ~ëíá~~å e~ÑÑÉêí

î^mm H=Çì~äJÄÉ~ã=éçä~êáãÉíêó

påáâ=Éí=~äK=EOMNQF

î^mm H=Çì~äJÄÉ~ã=éçä~êáãÉíêó

fÇÉ~ä=Ñçê=pmebob=foafp=C=wfjmli=

éçä~êáãÉíêó=ìéÖê~ÇÉ>

páåÖäÉJãçÇÉ=`çãéäÉñ=^ãéäáíìÇÉ=
oÉÑáåÉãÉåí=Åçêçå~Öê~éÜ

ÅçìéäáåÖ=Ñêçã=
ÑçÅ~ä=éä~åÉ=áåíç=
ëáåÖäÉJãçÇÉ=
ÑáÄÉêEëF

ÅçìêíÉëóW=pÉÄ~ëíá~~å e~ÑÑÉêí

páåÖäÉJãçÇÉ=`çãéäÉñ=^ãéäáíìÇÉ=
oÉÑáåÉãÉåí=Åçêçå~Öê~éÜ

péÉÅíêçÖê~éÜ

mÜ~ëÉ=
mä~íÉ

ÅçìêíÉëóW=pÉÄ~ëíá~~å e~ÑÑÉêí
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ÅêÉÇáíW=gK=aáàâÉã~I=ÅçìêíÉëóW=dK=höååÉå

ÅçìêíÉëóW=jáÅÜáÉä oçÇÉåÜìáë

bñmç éfcr íÜÉ=éçä~êáò~íáçå=Öê~íáåÖ

ÅçìêíÉëóW=jáÅÜ~Éä=bëÅìíá Ek`prF

courtesy: ImagineOptix
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ëíìÇáç=oççëÉÖ~~êÇÉ ïáíÜ=cê~åë påáâ C=jáÅÜáÉä oçÇÉåÜìáë o~áåÄçï=ëí~íáçå=EOMNQF=

ÑáåÇáåÖ=Éñíê~íÉêêÉëíêá~ä=äáÑÉ

h~ê~äáÇá Éí=~äK=EOMNOF

ê~áåÄçïW=
äáèìáÇ=ï~íÉê=
ÇêçéäÉíë

o~óäÉáÖÜ
ëÅ~ííÉêáåÖ

pí~ã Éí=~äK=EOMMUF

êÉÇ=ÉÇÖÉ

lO

eOl

ÖêÉÉå

Äìãé

ÑáåÇáåÖ=Éñíê~íÉêêÉëíêá~ä=äáÑÉ éçä~êáò~íáçå=ëéÉÅíêìã=çÑ=íÜÉ=b~êíÜëÜáåÉ

píÉêòáâ Éí=~äK=EOMNOF

píÉêòáâ Éí=~äK=EOMNOF

éçä~êáò~íáçå=ëéÉÅíêìã=çÑ=íÜÉ=b~êíÜëÜáåÉ

iìå~ê
lÄëÉêî~íçêó=Ñçê
råêÉëçäîÉÇ
mçä~êáãÉíêó çÑ
b~êíÜ
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ilrmb=éêçíçíóéÉ

eçÉáàã~âÉêëI=påáâI=Éí=~äK=EOMNTF eçÉáàã~âÉêëI=påáâI=Éí=~äK=EOMNTF

ilrmb=éêçíçíóéÉ

ÅáêÅìä~ê=éçä~êáò~íáçå=~ë=~=Äáçã~êâÉê qêÉÉmçä

ãáÅêçÄÉë

m~ííóI=påáâ Éí=~äK=gnpoq=EOMNTF

é~íÜçäçÖó=çÑ=~=ÇóáåÖ=äÉ~Ñ ÇÉíÉÅíáåÖ=äáÑÉ=áå=^ãëíÉêÇ~ãÁ
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ÅçëãáÅ=çêáÖáå=çÑ=ÜçãçÅÜáê~äáíó\

áåíÉåëáíó Ñê~Åíáçå~ä=ÅáêÅìä~ê=éçä~êáò~íáçå

lêáçå=lj`JN=EOKO=”ãF=

_~áäÉó=Éí=~äK=ENVVUF

ÅáêÅìä~ê=éçä~êáãÉíêó=ïáíÜ=pmebobJfoafp

î~å=eçäëíÉáå=Éí=~äK=Eíç=ÄÉ=ëìÄãáííÉÇF

eáÖÜJÅçåíê~ëí=áã~ÖáåÖ
ïáíÜ=äáèìáÇ=Åêóëí~äë

cê~åë påáâ


