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ύЎᄔाύЎᄔाύЎᄔाύЎᄔा 

ҁჴᡍࣁ௖૸ኧՏ࣬౽υੋೌǴࢎځᄬࣁ Mach–ZehnderυੋሺǶᙖҗӧୖԵᖉబ

у೛ीӳ࣬ޑՏǴךॺёҗނᡏޑυੋૻဦǴ࿶ၸ΋٤ૻဦೀ౛ǴှፓрኬࠔᔈԖޑ፺

ᄂၗૻǶӢԜӵՖᛙۓӦග࣬ٮՏᡂϯǴ൩཮ቹៜှፓр่݀ޑǶԶҁჴᡍаၨᙁൂޑ

Бٰݤబу࣬ՏǺ௽ᙯၩݢТǶ྽ךॺ௽ᙯၩݢТਔǴӀ܌࿶ၸޑӀำ཮Ԗׯ܌ᡂǴ຾

Զၲ࣬ډ౽่݀ǶՠၩݢТϣ೽Ϭᆀ܄Ϸ߄य़ԪლǴჹ࣬౽ᛙ܄ۓቹៜࡐεǴаჴᡍ่

ٰ࣮݀Ǵ࣬ޑ߈చҹϐΠǴ؂ӣ࣬ޑ౽ໆࣣԖ܌ᇤৡǴӢԜךॺ΋ӣܡឪ 50஭υੋచ

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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ಃ΋കಃ΋കಃ΋കಃ΋കǺǺǺǺق߻ق߻ق߻ق߻ 

࣬౽υੋೌϷӄႽೌӧइᒵނᡏၗૻ΢Ǵࣁ΋ᅿࡐӳҔޑπڀǶӧҁჴᡍύǴךॺ

ஒճҔ௽ᙯѳѠǴ฻ࡋفӦ௽ᙯၩݢТǴаӧୖԵᖉబу࣬౽Ǵ຾Զܡឪךॺ܌ሡϐυ

ੋచદǶՠ௽ᙯѳѠߚጕ܄ᡂϯǴӢԜႽ౽ᇤৡஒӈΕךॺჴᡍޑԵໆύǴനךࡕॺஒ

ճҔΟှٰݤ౽؁࣬ፓυੋݢхǴှрނᡏϐၗૻǶ 

ಃΒകಃΒകಃΒകಃΒകǺǺǺǺࣴزচ౛ࣴزচ౛ࣴزচ౛ࣴزচ౛ 

ಃ΋࿯ಃ΋࿯ಃ΋࿯ಃ΋࿯ǺǺǺǺυੋૻဦϩ݋υੋૻဦϩ݋υੋૻဦϩ݋υੋૻဦϩ݋ 

ҁჴᡍޑӀၡࣁ Mach-ZehnderࢎᄬǴӵკ΋܌ҢǶӀྍ࿶ၸϩӀ᜔(beam splitter, BS)

཮ࠔෳኬࡑᖉ(object arm)ǴӢނࣁॺᆀךӀၡޑو܌ӀނύځӀᆶୖԵӀǴނǴϩԋࡕ

ӀᆶୖԵӀ཮ނࡕԵᖉ(reference arm)ǴനୖࣁӀၡᆀޑو܌ӧԜӀၡ΢ǹԶୖԵӀܫ

ӧ BS2ೀख़ک຾ՉυੋǴ٠ճҔ CCDइᒵυੋૻဦǶ 

 
კ΋ǵMach-Zehnderυੋሺ  

΋૓υੋૻဦךॺёа߄ҢԋаΠԄηǺ 

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

ύځ IDCࢬޔࣁϩໆǴคኬ࣬ޑࠔՏၗૻǴIACࣁҬࢬ໨ਁ൯Ǵφࣁኬ࣬ޑࠔՏၗૻǶԶ

ॺ٬Ҕך CCDܡ܌ឪޑډυੋૻဦх֖Α IDCǵIACϷ φǴځύךॺόགྷा IDCԜ໨ǴӢ

Ԝךॺගр࣬౽υੋ Ǵೌӧ؂஭ޑυੋచદύǴΞӭబуᚐѦ࣬ޑՏǴ٠࿶ၸኧᏢၮᆉǴ

؃рኬ࣬ޑࠔՏၗૻǶ 

 ӧԜךॺ٬܌ҔޑኧᏢמѯࣁΟݤ౽؁࣬Ǵ྽ךॺाܡឪυੋచદਔǴ཮Ӄ௽ᙯၩ

 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 I1ǵI3ёҔفکϦԄ৖໒ǴӵΠ܌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

= + +
= + −

 

നךࡕॺёа؃ள 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

− −−= ×
− −

  

ಃΒ࿯ಃΒ࿯ಃΒ࿯ಃΒ࿯ǺǺǺǺᓎ᛼य़ϩ݋ᓎ᛼य़ϩ݋ᓎ᛼य़ϩ݋ᓎ᛼य़ϩ݋ 

ीᆉ࣬౽ࡋفਔǴऩӧޜނ໔ਔ(კΒ)Ǵךॺ཮Ӄฝ΋చጕᢀჸȐკΟȑǴ྽υੋ

చદԖࡕ౽࣬܌Ǵךॺᢀ࣮ӕ΋ pixel ᇤৡၨεǴݤՏᡂϯǴаԜ௢ᘐ࣬౽ໆǴՠԜ࣬ޑ

ӢԜךॺஒૻעဦᙯډᓎ᛼य़΢ (კѤ )ǴӵԜυੋచદ൩཮ᡂԋેፂڄኧ (delta 

function)ǴӧԜϐΠ௢ᘐ࣬Տᡂϯஒᇸܰ೚ӭǴԶЪीᆉ܌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)ӧޜނ໔ޑѳ౽Ǵஒӧᓎ᛼य़஥ٰ΋ঁጕ࣬܄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 य़Πޜޑ໔ᓎ౗Ƕ 

ऩךॺჹ(1)Ԅޑ cos໨ exp৖໒Ǵ߾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-iφ໨೷ԋ)Ϸ-1(eiφ

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

Ԝךॺаीᆉٿ஭υੋచદ+1໘ف࣬ޑৡǴᙖԜளޕၨᆒྗ࣬ޑ౽ໆǶ 

 

კϖǵܭკѤ y=601ೀᢀჸӀமϩթ 

ಃΟകಃΟകಃΟകಃΟകǺǺǺǺჴᡍჴᡍჴᡍჴᡍࢬำࢬำࢬำࢬำ 

ಃ΋࿯ಃ΋࿯ಃ΋࿯ಃ΋࿯ǺǺǺǺჴᡍࢎᄬჴᡍࢎᄬჴᡍࢎᄬჴᡍࢎᄬ 

კϤࣁҁჴᡍޑӀၡკǴ྽Ӏྍ(He-Neႜ৔Ǵߏݢ 632.8nm) ࿶ၸъݢТ(half wave 

plate, HWP)ਔǴёᙖҗ௽ᙯъݢТǴᡣނӀᆶୖԵӀޑӀமௗ߈Ǵ຾Զளډၨӳυੋచ

ҹǶௗ๱࿶ၸޜ໔ᘠݢᏔٰᘉ״Ǵ٠ᙖԜմନଯޜ໔ᓎ౗ޑӀǴ׎ԋ΋ঁեᓎᘠݢᏔǶ

ӆٰӀၡ࿶ၸୃਁϩӀ᜔Ȑpolarizing beam splitter, PBSȑǴPݢ཮ऀ೸ǴୖوԵӀၡǴௗ

๱཮࿘ډъݢТǴӢԶᡂԋ S ࣁǹԶќ΋చϸ৔Ӏݢ S ӀᆶୖނࡕӀၡǶനނوǴݢ

ԵӀӧϩӀᏔ(beam splitter, BS)ख़کǴ຾ՉυੋǴϐךࡕॺճҔ CCDइᒵυੋૻဦǶ 
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ҁჴᡍ٬܌Ҕ࣬ޑ౽ᏔȐკϤύޑ SȑǴࣁ΋ঁܫӧᆒஏ௽ᙯѠ΢ޑၩݢТǴᙖҗ

௽ᙯၩݢТǴٿ٬ᖉޑӀำৡԖ༾λޑᡂϯǶՠၩݢТࣁၨό֡Ϭ࣬ޑ౽ᏔǴӢԜךॺ

а؂ӣ௽ᙯၩݢТ 0.02°Ǵ٠૶ᒵυੋచદǴനࡕҗӭ฽ኧᏵύ൨֡פϬ࣬౽ޑυੋૻ

ဦ຾ՉှፓπբǶ 

 
კϤǵჴᡍࢎᄬ 

ಃΒ࿯ಃΒ࿯ಃΒ࿯ಃΒ࿯ǺǺǺǺሺᏔ௓ڋሺᏔ௓ڋሺᏔ௓ڋሺᏔ௓ڋ 

 კΎࣁҁჴᡍ٬܌Ҕޑ LabView ௓ڋय़ހǴӧ໒ܡۈឪ߻Ǵךॺ཮Ӄෳ၂ӀமǴ

ऩനεӀமပӧ 50000~60000ೀǴ߾Ӏம፾྽Ƕௗ๱ךॺճҔ LabView ᢀ࣮υੋచદ

౧ஏำࢂࡋցখӳǴऩႽკΎ܌Ңϐ௃ݩǴך߾ॺёа໒ۈӭԛܡឪǶԶךॺ΋ӣܡ܌

ឪޑ஭ኧࣁ 50஭Ǵ؂ԛ௽ᙯၩݢТࣁࡋفޑ 0.02°ǴCCD؂஭ޑᚼӀਔ໔ࣁ 1డࣾǶ 

 
კΎǵ٬Ҕ LabView௓ڋ CCDܡឪυੋచદ 
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ಃΟ࿯ಃΟ࿯ಃΟ࿯ಃΟ࿯ǺǺǺǺჴᡍኧᏵჴᡍኧᏵჴᡍኧᏵჴᡍኧᏵ 

 კΖࣁ௽ᙯѠӧ 0~0.46°ਔܡ܌ឪޑ 24஭୴᠄ޑυੋკТǴځύ xǵy υੋచࣁື

દޑკТǴԶ z ጕߚࣁ౽࣬ޑᆶυੋచદࡋفǴ௽ᙯޕǶЪҗԜკёືޑ୴᠄კТࣁື

 ѸाǶޑӭಔኧᏵܡॺԖሡाךᜢ߯ǴӢԜ܄

 

კΖǵ٬Ҕ᠄კ೬ᡏᢀ࣮࣬౽ᖿ༈ 

კΐךࣁॺவӭಔኧᏵύǴ֡ޑډפ܌Ϭ࣬౽υੋచદǶࣁΑפр࣬౽ࡋفǴךॺ

ሡᙯډᓎ᛼य़Ǵ٠ၮҔ shift theoremीᆉ࣬౽Ƕ྽ךॺճҔ Fourier transformעυੋచ

દᙯډᓎ᛼य़ࡕǴӢૻࣁဦϼλǴ܌аךॺڗ logǴ٬ჹКࡋуε(კΜ)Ǵനךࡕॺी

ᆉрಃ΋ᆶಃΒ஭࣬Տৡࣁ 8.5834°ǵಃΒᆶಃΟ஭࣬Տৡࣁ 8.5463°ǶԶკΜ΋ࣁᢀჸ

ᓎ᛼य़ύѧೀӀமϩթǴ٠ёዴۓ DCǵ+1Ϸ-1໘ӀޑՏη܌ӧǶ  

   
კΐǵ௽ᙯѠӧ 0.76°ǵ0.78°ǵ0.8°ܡ܌ឪϐ฻࣬౽υੋచદ 
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კΜǵკΐᙯډᓎ᛼य़Ъڗ logᓎ᛼ϩթ 

   

კΜ΋ǵᢀჸკΜ҅ύѧޑᓎ᛼ϩթ 

ಃಃಃಃѤѤѤѤ࿯࿯࿯࿯ǺǺǺǺΟ؁࣬౽ှፓΟ؁࣬౽ှፓΟ؁࣬౽ှፓΟ؁࣬౽ှፓ 

 ௗ๱ךॺၮҔ(3)ԄǴѐჹკΐޑΟ஭฻࣬౽ޑυੋచદှፓǴԶკΜΒှࣁፓࡕ

ᡉҢ IAC e
iφૻဦǴচҁࣁ൳Яӄқޑკ׎ǴࣁΑၨӳ߄ҢǴඤԋᆘՅۭ߄ҢǶԶځύޑ

໵Յλᗺᗺ࣬ࣁ౽λλᇤৡ܌೷ԋޑǶԶკΜΟࣁკΜΒᙯډᓎ᛼य़ૻޑဦǴځύѤঁ

қՅޑλ༝׎Ǵᔈ၀ࢂӀᏢϡҹ܈ӧݢТ΢ޑԪლ܌೷ԋޑǶ 
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კΜΒǵΟޜނࡕ౽؁࣬໔კ׎             კΜΟǵΟࡕ౽؁࣬ᓎ᛼य़ 

ಃϖ࿯ಃϖ࿯ಃϖ࿯ಃϖ࿯ǺǺǺǺނᡏෳ၂ނᡏෳ၂ނᡏෳ၂ނᡏෳ၂  

 ௗ๱ךॺܫΕλങᆶകങ྽ނᡏෳ၂(კΜΖ)Ǵख़ፄ΢ॊ؁ᡯǴܡ٠ឪрΟ஭υੋ

ૻဦ(კΜѤ)Ƕௗ๱ךॺճҔ߻ॊБݤǴ஥ΕԄ 3ၮᆉǴှፓࡕᡉҢ IAC e
iφკ׎(კΜϤ)

Ϸځᓎ᛼ȐკΜΎȑǶҗკΜϤٰ࣮ǴϝԖූቹ(twin image)ӸӧǴךॺ௢ᘐёૈ؂ࢂ஭

υੋૻဦޑ IDCλλόӕ܌ठǴ٬ූቹؒԖֹӄմନǶ 

   

კΜѤǵΟ஭ނᡏυੋૻဦ 

   

კΜϖǵკΜѤϐᓎ᛼य़ 

 



ኧՏ࣬౽υੋೌ 

                                    12       逢甲大學學生報告 ePaper(2011年) 

   

კΜϤǵނᡏှፓૻࡕဦ   კΜΎǵނᡏှፓࡕᓎ᛼    კΜΖǵނᡏচۈኬᇮ 

ಃѤകಃѤകಃѤകಃѤകǺǺǺǺ่݀ᆶ૸ፕ่݀ᆶ૸ፕ่݀ᆶ૸ፕ่݀ᆶ૸ፕ 

 ҁჴᡍ٬܌Ҕ࣬ޑ౽ᏔࣁᙁܰࠠޑǴᙖҗ௽ᙯၩݢТٰЇΕᚐѦ࣬ޑՏǶՠаკΖ

ٰ࣮Ǵ࣬ځ౽ᖿ༈ߚᛙޑۓǴӢԜךॺሡाܡӭಔኧᏵǴٰ൨פ฻࣬౽ϐυੋచદǶҗ

კΜΒٰ࣮Ǵှځፓ่݀ᆉόᒱǶௗ๱ךॺܫΕނᡏ଺ෳ၂ǴှፓрૻޑဦҗკΜϤٰ

࣮ Ǵεठޑ፺ᄂךॺς࿶ёа࣮рٰǴՠූቹϝӸӧǴךॺ௢ᘐёૈԖаΠٿᅿচӢǺ

ޑυੋૻဦࣁ΋ځ IDCόӕ܌ठǴ೭ኬࢬޔ໨ёૈคֹݤऍ੃ନǹځΒ࣬ࣁ౽ीᆉό୼

ᆒዴǴаკΜϖٰ࣮Ǵ+1 1-܈ ໘ՏηόܴዴǴךॺѝૈঁ׬εཷǴӢԶᏤठှፓόֹ

ӄǶࣁΑှ،а΢БݤǴ܈೚ёճҔݢТ(wave plate)྽բ࣬౽ᏔǴ೭ኬ؂஭υੋૻဦޑ

࣬౽ஒᡂள٫׳ᛙۓǴךॺ௢ᘐ࣬౽ໆஒԖঁεऊॶёբ٩ࣁᏵǶ 

ୖԵЎ᝘ୖԵЎ᝘ୖԵЎ᝘ୖԵЎ᝘ 
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