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Holographic interferometry  
Techniques 

 ̧ Double-exposure  hologram interferometry  

 ̧ Real-time  hologram interferometry  

 ̧ Time-average hologram interferometry  

Â Stroboscopic  time -average hologram interferometry  

Â Continuous time -average hologram interferometry  
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Incident wave  
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Youngõs double pinhole interferometer 
Optical path length and optical phase  
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Holographic interferometry  
Techniques: double-exposure  

Reference 

Recording of two discrete  exposures, t1 and t2 

K1 

K2 
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Holographic interferometry  
Techniques: time -average 

Recording of continuous exposure for a period of time, Dt 
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Double exposure:  I(x,y) = 8 Ao Ar cos[W(x,y)/2] 

Time-average: I(x,y) = 4 Ao Ar | M [W t (x,y)] | 

Holographic interferometry  
Techniques 

If excitation is sinusoidal :  ),(),( yxJyxM o´
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Holographic interferometry  
Time-average: zero -order Bessel function of the first kind  
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Fringe - locus function  
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Illumination -observation geometry  

Vectorial diagram  

LK¶=W ),,( zyxFringe -locus function:  

Optical path length and optical phase  
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Illumination -observation geometry  
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 ̧ Illumination vector  

 ̧Observation vector  

 ̧Sensitivity vector  

 

12 KKK -=Sensitivity vector:  

LDeformation vector:  

Determine:  

Fringe - locus function  
Illumination, observation, and sensitivity vectors  
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Illumination and observation geometry  
Nomenclature  
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Forms of the fringe - locus function  
3 directions of observation  

)ĔLĔLĔL()ĔKĔKĔK(),,( zyxzyx kjikjizyx ++¶++=W
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)ĔLĔLĔL()ĔKĔKĔK(),,( zyxzyx kjikjizyx ++¶++=W

Forms of the fringe - locus function  
Multiple directions of observation  
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 ̧Review of  least -squares fitting : linear  and quadratic  interpolations  

 ̧Multiple  sensitivity  vectors  

Â  3 direction  of  illumination  

Â  3 direction  of  observation  

Â  multiple  sensitivity  vectors  

É overdetermined  system 

Forms of the fringe - locus function  
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Qualitative interpretation  
1 fringe is º 2p/l: fringe ordering and counting  

Interferogram of a 
plate in bending  

Interferogram of a thin 
membrane of a MEMS sensor: 

bending 

Fringe -locus function  
(fringe localization):  

LK¶=W ),,( zyx

nzyx p2),,( =W

n =  is the fringe order  

 ̧ A fringe represents a 
 contour of constant 
 phase 

 ̧ n is the fringe order 
 or ònumber of wavesó 
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Forms of the fringe - locus function  

Interferogram of a 
turbine blade  

Fringe -locus function 
(fringe localization):  

LK¶=W ),,( zyx

nzyx p2),,( =W

n =  is the fringe order  

 ̧ A fringe represents a contour of 
 constant phase  

 ̧ n is the fringe order or 
 ònumber of wavesó 
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Qualitative interpretation  
1 fringe is º 2p/l: fringe ordering and counting  

Interferogram of a 
turbine blade: contouring  

Interferogram of a 
turbine blade: vibrations  

Fringe -locus function  
(fringe localization):  

LK¶=W ),,( zyx

nzyx p2),,( =W

n =  is the fringe order  

 ̧ A fringe represents a 
 contour of constant 
 phase 

 ̧ n is the fringe order 
 or ònumber of wavesó 



CHSLT - Center for Holographic Studies and Laser  micro-mechaTronics 

Mechanical Engineering Department/NEST - NanoEngineering, Science, and Technology 

Interference equation  

Defining:  =+= 21 IIIB Background intensity  

== 212 III M Modulation intensity  

)cos(2 122121 ff-++= IIIII

Intensity becomes : 

)cos( fD+= MB III

Before deformations  
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Interference equation  

Defining:  =+= 21 IIIB Background intensity  

== 212 III M Modulation intensity  

)cos(2 122121 W+-++= ffIIIII

Intensity becomes : 

)cos( W+D+= fMB III

After deformations  
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Quantitative analysis  

1) Recovering of  the  fringe -locus function  W 

Â Fringe  counting 

Â Fringe  skeletonization  

Â Temporal  heterodyning  

Â Phase sampling 

Â Fourier  analysis 

Â Other  methods   

Â Phase unwrapping 

2) Determination  of  sensitivity  vectors  

3) Determination  of  deformation  vectors  
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Example: phase sampling 

CPU fan under thermo -mechanical deformations: typical interferogram  

Quantitative analysis  


