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ύЎᄔाύЎᄔाύЎᄔाύЎᄔा 

ҁჴᡍࣁኧՏ࣬౽υੋೌǴࢎځᄬࣁ Mach–ZehnderυੋሺǶᙖҗӧୖԵᖉబ

уीӳ࣬ޑՏǴךॺёҗނᡏޑυੋૻဦǴၸ٤ૻဦೀǴှፓрኬࠔᔈԖޑ፺

ᄂၗૻǶӢԜӵՖᛙۓӦග࣬ٮՏᡂϯǴ൩ቹៜှፓр่݀ޑǶԶҁჴᡍаၨᙁൂޑ

Бٰݤబу࣬ՏǺᙯၩݢТǶךॺᙯၩݢТਔǴӀ܌ၸޑӀำԖׯ܌ᡂǴ

Զၲ࣬ډ౽่݀ǶՠၩݢТϣϬᆀ܄Ϸ߄य़ԪლǴჹ࣬౽ᛙ܄ۓቹៜࡐεǴаჴᡍ่

ٰ࣮݀Ǵ࣬ޑ߈చҹϐΠǴӣ࣬ޑ౽ໆࣣԖ܌ᇤৡǴӢԜךॺӣܡឪ 50υੋచ

દǴӧख़ӭኧᏵύ൨פགྷाࡋف౽࣬ޑǴаԜளډၨӳှޑፓ่݀Ƕ 
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Abstract 

In our experiment, phase shifting is achieved by rotating a slide. We discuss digital 

phase-shifting interferometer with experimental demonstration. The experiment setup is a 

Mach–Zehnder interferometer. By shifting the phase of the reference light twice, we can get 

three interferograms and demodulating the profile of object. 
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ಃകಃകಃകಃകǺǺǺǺقققق 

࣬౽υੋೌϷӄႽೌӧइᒵނᡏၗૻǴࣁᅿࡐӳҔޑπڀǶӧҁჴᡍύǴךॺ

ஒճҔᙯѳѠǴࡋفӦᙯၩݢТǴаӧୖԵᖉబу࣬౽ǴԶܡឪךॺ܌ሡϐυ

ੋచદǶՠᙯѳѠߚጕ܄ᡂϯǴӢԜႽ౽ᇤৡஒӈΕךॺჴᡍޑԵໆύǴനךࡕॺஒ

ճҔΟှٰݤ౽࣬ፓυੋݢхǴှрނᡏϐၗૻǶ 

ಃΒകಃΒകಃΒകಃΒകǺǺǺǺࣴزচࣴزচࣴزচࣴزচ 

ಃಃಃಃǺǺǺǺυੋૻဦϩυੋૻဦϩυੋૻဦϩυੋૻဦϩ 

ҁჴᡍޑӀၡࣁ Mach-ZehnderࢎᄬǴӵკ܌ҢǶӀྍၸϩӀ᜔(beam splitter, BS)

ࠔෳኬࡑᖉ(object arm)ǴӢނࣁॺᆀךӀၡޑو܌ӀނύځӀᆶୖԵӀǴނǴϩԋࡕ

ӀᆶୖԵӀނࡕԵᖉ(reference arm)ǴനୖࣁӀၡᆀޑو܌ӧԜӀၡǹԶୖԵӀܫ

ӧ BS2ೀख़کՉυੋǴ٠ճҔ CCDइᒵυੋૻဦǶ 

 
კǵMach-Zehnderυੋሺ  

υੋૻဦךॺёа߄ҢԋаΠԄηǺ 

                    cos( )DC ACI I I ϕ= +                                 (1) 

ύځ IDCࢬޔࣁϩໆǴคኬ࣬ޑࠔՏၗૻǴIACࣁҬࢬਁ൯Ǵφࣁኬ࣬ޑࠔՏၗૻǶԶ

ॺ٬Ҕך CCDܡ܌ឪޑډυੋૻဦх֖Α IDCǵIACϷ φǴځύךॺόགྷा IDCԜǴӢ

Ԝךॺගр࣬౽υੋ ǴೌӧޑυੋచદύǴΞӭబуᚐѦ࣬ޑՏǴ٠ၸኧᏢၮᆉǴ

рኬ࣬ޑࠔՏၗૻǶ 

 ӧԜךॺ٬܌ҔޑኧᏢמѯࣁΟݤ౽࣬ǴךॺाܡឪυੋచદਔǴӃᙯၩ

 ҢǺ߄ՏǴӢԜυੋૻဦёаӵΠ࣬ޑТǴబуᚐѦݢ

                        
1

2

3

cos( )

cos( )

cos( )

DC AC

DC AC

DC AC

I I I

I I I

I I I

ϕ α
ϕ
ϕ α

= + −
= +
= + +

                            (2) 
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ύځ I1ǵI2Ϸ I2ǵI3ϐ໔࣬Տৡࣁ αǴԶ I1ǵI3ёҔفکϦԄ໒ǴӵΠ܌ҢǺ 

1

3

{cos( )cos( ) sin( )sin( )}

{cos( )cos( ) sin( )sin( )}
DC AC

DC AC

I I I

I I I

ϕ α ϕ α
ϕ α ϕ α

= + +
= + −

 

നךࡕॺёаள IDCǵIACϷ φӵΠǺ 

1 3 22 cos( )

2 [1 cos( )]DC

I I I
I

ϕ
ϕ

+ − ×=
× −

    

              
2 2 1/2

1 3 2 1 3{[1 cos( ) ( )] [sin( ) (2 )] }

2 cos( ) [1 cos( )]AC

I I I I I
I

α α
α α

− × − + × − −=
× × −

      (3) 

1 1 3

2 1 3

1 cos( )
tan {[ ] }

sin( ) 2

I I

I I I

αϕ
α

− −−= ×
− −

  

ಃΒಃΒಃΒಃΒǺǺǺǺᓎय़ϩᓎय़ϩᓎय़ϩᓎय़ϩ 

ीᆉ࣬౽ࡋفਔǴऩӧޜނ໔ਔ(კΒ)ǴךॺӃฝచጕᢀჸȐკΟȑǴυੋ

చદԖࡕ౽࣬܌Ǵךॺᢀ࣮ӕ pixel ᇤৡၨεǴݤՏᡂϯǴаԜᘐ࣬౽ໆǴՠԜ࣬ޑ

ӢԜךॺஒૻעဦᙯډᓎय़ (კѤ )ǴӵԜυੋచદ൩ᡂԋેፂڄኧ (delta 

function)ǴӧԜϐΠᘐ࣬ՏᡂϯஒᇸܰӭǴԶЪीᆉ܌ள࣬ޑ౽ໆஒྗࣁ׳ዴǶ 

     
კΒǵޜނ໔Πޑυੋచદ             კΟǵკΒϐआጕᄒय़კ 

 
კѤǵკΒ܌Ңυੋచદϐᓎ 
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 җ Fourier transform theoremsύޑ shift theoremёޕǺऩ g(x,y)ޑ Fourier transform 

{ ( , )}F g x y ࣁ G(x,y)Ǵ߾ g(x,y)ӧޜނ໔ޑѳ౽Ǵஒӧᓎय़ٰঁጕ࣬܄౽ǴӵΠ

 ҢǺ܌

{ ( , )} ( , )exp[ 2 ( )]x yF g x a y b G x y i f a f bπ− − = − +                  (4) 

ӧ(4)Ԅύ fxǵfyϩձ߄Ң xǵy य़Πޜޑ໔ᓎǶ 

ऩךॺჹ(1)Ԅޑ cos exp໒Ǵ߾ёӵΠ܌ҢǺ 

cos( )
2

i i

DC AC DC AC

e e
I I I I I

ϕ ϕ

ϕ
−+= + = +                   (5) 

ௗჹ(5)ԄբFourier transformǴஒளډ 3ঁેፂڄኧǴϩձࣁDCǵ+1(e-iφԋ)Ϸ-1(eiφ

ԋ)໘Ƕځύ DC όх֖࣬ՏၗૻǴ܌аךॺᒧ+11-܈ ໘ٰीᆉ࣬౽ࡋفǶӧ

Ԝךॺаीᆉٿυੋచદ+1໘ف࣬ޑৡǴᙖԜளޕၨᆒྗ࣬ޑ౽ໆǶ 

 

კϖǵܭკѤ y=601ೀᢀჸӀமϩթ 

ಃΟകಃΟകಃΟകಃΟകǺǺǺǺჴᡍჴᡍჴᡍჴᡍࢬำࢬำࢬำࢬำ 

ಃಃಃಃǺǺǺǺჴᡍࢎᄬჴᡍࢎᄬჴᡍࢎᄬჴᡍࢎᄬ 

კϤࣁҁჴᡍޑӀၡკǴӀྍ(He-NeႜǴߏݢ 632.8nm) ၸъݢТ(half wave 

plate, HWP)ਔǴёᙖҗᙯъݢТǴᡣނӀᆶୖԵӀޑӀமௗ߈ǴԶளډၨӳυੋచ

ҹǶௗၸޜ໔ᘠݢᏔٰᘉ״Ǵ٠ᙖԜմନଯޜ໔ᓎޑӀǴԋঁեᓎᘠݢᏔǶ

ӆٰӀၡၸୃਁϩӀ᜔Ȑpolarizing beam splitter, PBSȑǴPݢऀǴୖوԵӀၡǴௗ

࿘ډъݢТǴӢԶᡂԋ S ࣁǹԶќచϸӀݢ S ӀᆶୖނࡕӀၡǶനނوǴݢ

ԵӀӧϩӀᏔ(beam splitter, BS)ख़کǴՉυੋǴϐךࡕॺճҔ CCDइᒵυੋૻဦǶ 
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ҁჴᡍ٬܌Ҕ࣬ޑ౽ᏔȐკϤύޑ SȑǴࣁঁܫӧᆒஏᙯѠޑၩݢТǴᙖҗ

ᙯၩݢТǴٿ٬ᖉޑӀำৡԖ༾λޑᡂϯǶՠၩݢТࣁၨό֡Ϭ࣬ޑ౽ᏔǴӢԜךॺ

аӣᙯၩݢТ 0.02°Ǵ٠ᒵυੋచદǴനࡕҗӭኧᏵύ൨֡פϬ࣬౽ޑυੋૻ

ဦՉှፓπբǶ 

 
კϤǵჴᡍࢎᄬ 

ಃΒಃΒಃΒಃΒǺǺǺǺሺᏔڋሺᏔڋሺᏔڋሺᏔڋ 

 კΎࣁҁჴᡍ٬܌Ҕޑ LabView ڋय़ހǴӧ໒ܡۈឪǴךॺӃෳ၂ӀமǴ

ऩനεӀமပӧ 50000~60000ೀǴ߾ӀமǶௗךॺճҔ LabView ᢀ࣮υੋచદ

౧ஏำࢂࡋցখӳǴऩႽკΎ܌ҢϐݩǴך߾ॺёа໒ۈӭԛܡឪǶԶךॺӣܡ܌

ឪޑኧࣁ 50ǴԛᙯၩݢТࣁࡋفޑ 0.02°ǴCCDޑᚼӀਔ໔ࣁ 1డࣾǶ 

 
კΎǵ٬Ҕ LabViewڋ CCDܡឪυੋచદ 
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ಃΟಃΟಃΟಃΟǺǺǺǺჴᡍኧᏵჴᡍኧᏵჴᡍኧᏵჴᡍኧᏵ 

 კΖࣁᙯѠӧ 0~0.46°ਔܡ܌ឪޑ 24୴᠄ޑυੋკТǴځύ xǵy υੋచࣁື

દޑკТǴԶ z ጕߚࣁ౽࣬ޑᆶυੋచદࡋفǴᙯޕǶЪҗԜკёືޑ୴᠄კТࣁື

 ѸाǶޑӭಔኧᏵܡॺԖሡाךᜢ߯ǴӢԜ܄

 

კΖǵ٬Ҕ᠄კ೬ᡏᢀ࣮࣬౽ᖿ༈ 

კΐךࣁॺவӭಔኧᏵύǴ֡ޑډפ܌Ϭ࣬౽υੋచદǶࣁΑפр࣬౽ࡋفǴךॺ

ሡᙯډᓎय़Ǵ٠ၮҔ shift theoremीᆉ࣬౽ǶךॺճҔ Fourier transformעυੋచ

દᙯډᓎय़ࡕǴӢૻࣁဦϼλǴ܌аךॺڗ logǴ٬ჹКࡋуε(კΜ)Ǵനךࡕॺी

ᆉрಃᆶಃΒ࣬Տৡࣁ 8.5834°ǵಃΒᆶಃΟ࣬Տৡࣁ 8.5463°ǶԶკΜࣁᢀჸ

ᓎय़ύѧೀӀமϩթǴ٠ёዴۓ DCǵ+1Ϸ-1໘ӀޑՏη܌ӧǶ  

   
კΐǵᙯѠӧ 0.76°ǵ0.78°ǵ0.8°ܡ܌ឪϐ࣬౽υੋచદ 
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კΜǵკΐᙯډᓎय़Ъڗ logᓎϩթ 

   

კΜǵᢀჸკΜ҅ύѧޑᓎϩթ 

ಃಃಃಃѤѤѤѤǺǺǺǺΟ࣬౽ှፓΟ࣬౽ှፓΟ࣬౽ှፓΟ࣬౽ှፓ 

 ௗךॺၮҔ(3)ԄǴѐჹკΐޑΟ࣬౽ޑυੋచદှፓǴԶკΜΒှࣁፓࡕ

ᡉҢ IAC e
iφૻဦǴচҁࣁ൳ЯӄқޑკǴࣁΑၨӳ߄ҢǴඤԋᆘՅۭ߄ҢǶԶځύޑ

Յλᗺᗺ࣬ࣁ౽λλᇤৡ܌ԋޑǶԶკΜΟࣁკΜΒᙯډᓎय़ૻޑဦǴځύѤঁ

қՅޑλ༝Ǵᔈ၀ࢂӀᏢϡҹ܈ӧݢТޑԪლ܌ԋޑǶ 
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კΜΒǵΟޜނࡕ౽࣬໔კ             კΜΟǵΟࡕ౽࣬ᓎय़ 

ಃϖಃϖಃϖಃϖǺǺǺǺނᡏෳ၂ނᡏෳ၂ނᡏෳ၂ނᡏෳ၂  

 ௗךॺܫΕλങᆶകങނᡏෳ၂(კΜΖ)Ǵख़ፄॊᡯǴܡ٠ឪрΟυੋ

ૻဦ(კΜѤ)ǶௗךॺճҔॊБݤǴΕԄ 3ၮᆉǴှፓࡕᡉҢ IAC e
iφკ(კΜϤ)

ϷځᓎȐკΜΎȑǶҗკΜϤٰ࣮ǴϝԖූቹ(twin image)ӸӧǴךॺᘐёૈࢂ

υੋૻဦޑ IDCλλόӕ܌ठǴ٬ූቹؒԖֹӄմନǶ 

   

კΜѤǵΟނᡏυੋૻဦ 

   

კΜϖǵკΜѤϐᓎय़ 
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კΜϤǵނᡏှፓૻࡕဦ   კΜΎǵނᡏှፓࡕᓎ    კΜΖǵނᡏচۈኬᇮ 

ಃѤകಃѤകಃѤകಃѤകǺǺǺǺ่݀ᆶፕ่݀ᆶፕ่݀ᆶፕ่݀ᆶፕ 

 ҁჴᡍ٬܌Ҕ࣬ޑ౽ᏔࣁᙁܰࠠޑǴᙖҗᙯၩݢТٰЇΕᚐѦ࣬ޑՏǶՠаკΖ

ٰ࣮Ǵ࣬ځ౽ᖿ༈ߚᛙޑۓǴӢԜךॺሡाܡӭಔኧᏵǴٰ൨פ࣬౽ϐυੋచદǶҗ

კΜΒٰ࣮Ǵှځፓ่݀ᆉόᒱǶௗךॺܫΕނᡏෳ၂ǴှፓрૻޑဦҗკΜϤٰ

࣮ Ǵεठޑ፺ᄂךॺςёа࣮рٰǴՠූቹϝӸӧǴךॺᘐёૈԖаΠٿᅿচӢǺ

ޑυੋૻဦࣁځ IDCόӕ܌ठǴ೭ኬࢬޔёૈคֹݤऍନǹځΒ࣬ࣁ౽ीᆉό

ᆒዴǴаკΜϖٰ࣮Ǵ+1 1-܈ ໘ՏηόܴዴǴךॺѝૈঁεཷǴӢԶᏤठှፓόֹ

ӄǶࣁΑှ،аБݤǴ܈ёճҔݢТ(wave plate)բ࣬౽ᏔǴ೭ኬυੋૻဦޑ

࣬౽ஒᡂள٫׳ᛙۓǴךॺᘐ࣬౽ໆஒԖঁεऊॶёբ٩ࣁᏵǶ 
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