
Direct Phase Measurement

DPM - 1
In  class  it  was  stated  that  if  phase  shifting  interferometry  is  used  to  measure  the  phase  difference  between  two
interfering beams where N phase steps are used and each phase step is equal to 2p/N, the equation for the phase f
is given by. 

N Measurements
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Ii  is the measured intensity for the i th phase step.  Prove that the above equation is correct.  Another name for the
above technique is synchronous detection

Solution
The irradiance of the fringe pattern is given by

i@n_D := a + b CosAφ +
2 π n
ccccccccccccc

p
E

Let

num = ‚
n=1

p

i@nD SinA 2 π n
ccccccccccccc

p
E

−
1
cccc
2

b p Sin@φD

and
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n=1

p
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Therefore,
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DPM - 2
The 4 step technique described by Carré is used to measure phase.   If  between each readout of the intensity the
phase of the reference beam is changed by an amount 2a the 4 irradiance measurements are given by

A[x,y] = I1  + I2  Cos[f[x,y] - 3 a]
B[x,y] = I1  + I2  Cos[f[x,y] - a]
C[x,y] = I1  + I2  Cos[f[x,y] + a]
D[x,y] = I1  + I2  Cos[f[x,y] + 3 a]

Show that tan a and Tan[f] are given by

Tan@αD = J 3 HB@x, yD − C@x, yDL − HA@x, yD − D@x, yDL
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccHB@x, yD − C@x, yDL + HA@x, yD − D@x, yDL N

1ê2

Tan@φ@x, yDD = J HA@x, yD − D@x, yDL + HB@x, yD − C@x, yDL
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccHB@x, yD + C@x, yDL − HA@x, yD + D@x, yDL N Tan@αD

Solution
Let

a = i1 + i2 Cos@φ − 3 αD;
b = i1 + i2 Cos@φ − αD;
c = i1 + i2 Cos@φ + αD;
d = i1 + i2 Cos@φ + 3 αD;

We will assume that 0 < a <p/2.  

SimplifyAi
k
jj 3 Hb − cL − Ha − dL

ccccccccccccccccccccccccccccccccccccccccccccHb − cL + Ha − dL
y
{
zz

1ê2

, 80 < α < π ê2<E
Tan@αD
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Thus the equation for Tan[a] is correct.

SimplifyA Ha − dL + Hb − cL
ccccccccccccccccccccccccccccccccccccccccHb + cL − Ha + dL  Tan@αDE

Tan@φD

Thus we have the result we want.  Isn't Mathematica great!

DPM - 3
a)  The integrating-bucket  version of  phase  shifting interferometry is  used with a Twyman-Green interferometer.
How much is the contrast of the signal reduced if the detector integrates the light falling on it as the phase changes
by 90 degrees?
b) Give an advantage of the integrated-bucket method over the phase-stepping method.

Solution

ü a)

contrastReduction =
Sin@ πcccc

4
D

cccccccccccccccccccccπcccc
4

= 0.90

ü b)

Can take data faster since we do not have to wait for phase ringing to stop after rapidly changing the phase.  The
phase is changed at a constant rate.

DPM - 4
a) The  integrating-bucket  version  of  phase-shifting  interferometry  is  used  with  a  Mach-Zehnder
interferometer.   Sketch  the  interferometer  showing  all  the  essential  items required  for  performing phase-shifting
interferometry.
b) Phase  shifting interferometry is  used to measure a  wavefront  and  the following phase values,  in units  of
degrees, are calculated.

0, 9, 36, 81, 144, 225, -36, 81, 216

The plot shows these phase values.  What are the phase values after the phase ambiguities are corrected.
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Solution

ü a)
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ü b)

If phase difference between adjacent data points is greater than 180° then a multiple of 360° must be added or
subtracted so the difference is less than 180°.

5Direct Phase Measurement.nb Optics 505- James C. Wyant (2000 Modified) 4



Original Values Correction Corrected Values
0 0 0
9 0 9
36 0 36
81 0 81
144 0 144
225 0 225
−36 360 324
81 360 441
216 360 576

ListPlot@80, 9, 36, 81, 144, 225, 324, 441, 576<, PlotJoined → True,
Background → White, PlotLabel → "Phase versus Detector Position After Correction",
AxesLabel → 8"DetectorPosition", None<D;
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Phase versus Detector Position After Correction

DPM - 5
a)  What is the minimum number of phase steps (measurements) required in phase-shifting interferometry?

Why?
b)  What is the maximum phase change between adjacent detector points in phase-shifting interferometry?

Explain.
c)   The  integrating-bucket  version  of  phase  shifting  interferometry  is  used  with  a  Fizeau  interferometer.

How much is the contrast of the signal reduced if the detector integrates the light falling on it as the phase changes
by 90 degrees?
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Solution

ü a

A  minimum of  three  measurements  are  required  because  there  are  three  unknown,  irradiance  of  test  beam,
irradiance of reference beam, and phase difference of two interfering beams.

ü b

The phase change between adjacent  detector  points  must be less  than 180 degrees.   The problem is  that the
phase  is  measured  modulo  2p  and  to  remove  phase  ambiguities  we  must  determine  when  the  phase  jumps
occur.   The only way I  know to do  this  is  that  if  we know that the phase change between adjacent  detector
points is less than p, then when the phase change is greater than p, a multiple of 2p is added or subtracted to
make the phase difference less than p.

ü c

As shown in class,

visibility =
Sin@ ∆cccc

2
D

ccccccccccccccccccccc
∆cccc
2

ê. 9∆ →
π
cccc
2
= êê N

0.900316

The contrast is reduced 10%.

DPM - 6
a)  A Twyman Green interferometer using phase-shifting interferometry is used to measure the flatness of

a  10-cm  diameter  flat  mirror  at  a  wavelength  of  500  nm.   The  256  x  256  element  CCD  array  used  in  the
interferometer  is  1  cm  square.   The  image  of  the  mirror  falling  on  the  detector  fills  the  detector  array.   The
reference  mirror  is  first  tilted  such  that  a  single  fringe  covers  the  detector.   The  test  mirror  is  now tilted so  the
fringes  are  parallel  to  the  columns  of  detector  elements.   How  much  must  the  test  mirror  be  tilted  (in  units  of
milli-radians) such that the fringes become so close together that phase-shifting fails to work?

b)  Sketch the above setup showing all important components.
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Solution

ü a

The phase  change  between adjacent  detector  elements must be  less  than 180 degrees.   That  is,  there must be  at
least two detector elements per fringe.  Thus, the single pass OPD due to the mirror tilt must change by less than
lÅÅÅÅ4  for a distance equal to the detector element spacing as projected onto the mirror surface.

tilt =

λcccc
4cccccccccccccc

10 cmccccccccccc
256

ê. λ → 500 10−7 cm êê N

0.00032

Phase shifting fails to work when the tilt is greater than 0.32 milli-radians.

ü b
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There is also lots of software.
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