
Basic Interference

I - 1
(a) Imagine that we strike two tuning forks, one with a frequency of 340 Hz, the other 342 Hz.  What will we
hear?
(b) The figure below shows a carrier of frequency wc  being amplitude-modulated by a sine wave of frequency
wm , that is E = Eo (1 + a cos wm t)cos wc t.

Show that this is equivalent to the superposition of three waves of frequency wc , wc  + wm , and wc  - wm .  The wc

+ wm  term constitutes what is called the upper-sideband and the  wc  - wm  term forms the lower sideband.  What
bandwidth would you need in order to transmit the complete audible range, 20 Hz to 20 KHz?

Solution

ü a)

We will assume equal amplitudes

a = a1 Cos@ω1 tD + a1 Cos@ω2 tD;

where w1 = 2p 340 and w2 = 2p 342.
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a = TrigFactor@aD
2 a1 CosA t ω1

ccccccccccc
2

−
t ω2
ccccccccccc

2
E CosA t ω1

ccccccccccc
2

+
t ω2
ccccccccccc

2
E

This can be written as

2 a1 CosA 1
cccc
2

t Hω1 − ω2LE CosA 1
cccc
2

t Hω1 + ω2LE

We get the cosine of the average frequency multiplied by the cosine of one-half the difference frequency.
It is instructive to plot this.

PlotACosA 1
cccc
2

t Hω1 − ω2LE CosA 1
cccc
2

t Hω1 + ω2LE ê. 8ω1 −> 680 π, ω2 −> 684 π<,

8t, 0, 1<, Frame −> TrueE;
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We hear the average frequency (341 Hz) which gets loud and soft twice per second (the difference frequency).

ü b)
e = eo H1 + a Cos@ωm tDL Cos@ωc tD;

Factor@TrigReduce@eDD
1
cccc
2

eo H2 Cos@t ωcD + a Cos@t ωc − t ωmD + a Cos@t ωc + t ωmDL

This can be written as
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1
cccc
2

eo H2 Cos@t ωcD + a Cos@t Hωc − ωmLD + a Cos@t Hωc + ωmLDL

ωc
ωc-20kHz ωc+20kHzωc-20Hz ωc+20Hz

ωc
ωc-20kHz ωc+20kHzωc-20Hz ωc+20Hz

The bandwidth is 40 kHz.  If the signal can be filtered, one of the sidebands and the carrier can be suppressed and
the signal can be transmitted (single sideband - suppressed carrier) in a bandwidth of 19,980 Hz.

I - 2 
You are given five mutually coherent point  sources of  equal amplitude, each separated a distance d as shown in
the  drawing.   Assume z>>x,  y,  and  d.   Also  assume that  the  initial  phases  of  the  five  spherical  wavefronts  are
equal.  Show that the irradiance in the x-y plane goes as 

Sin@ 5 φcccccc2 D2

cccccccccccccccccccccccccc
Sin@ φcccc2 D

2

where f is the phase difference for adjacent points.  Determine f and the shape of the fringes in the x-y plane.  

d

Z

X

Solution
Clear@e, r, λ, ω, z, n, d, x, y, opd, kD
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Each of the 5 coherent point sources gives a spherical wave

e@n_D :=
a

ccccccccccccc
r@nD  ÆÇ Hk rn@nD − ω tL

where r[n] is the distance from the point source to an observation point.

r@n_D :=
"#########################################Hz + n dL2 + x2 + y2 ;

We will factor out the largest term (z + n d).

r@n_D := Hz + n dL $%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%1 +
x2 + y2

ccccccccccccccccccccccccc
Hz + n dL2

;

Next we will replace x2 + y2 with r2.

r@n_D = r@nD ê. x2 + y2 → ρ2

Hd n + zL $%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%1 +
ρ2

cccccccccccccccccccccccccHd n + zL2

Let opd[n] be equal to the difference in r[n] for adjacent point sources.  That is, opd[n] = r[n+1] - r[n].  We will
now expand opd[n] in a binomial expansion to order 2 in r.

opd@n_D := Simplify@Normal@Series@r@n + 1D − r@nD, 8ρ, 0, 2<DDD;
opd@nD
d −

d ρ2
cccccccccccccccccccccccccccccccccccccccccccccccccccccccc
2 Hd n + zL Hd + d n + zL

Since z is much larger than d and d n, the opd difference for adjacent point sources, can be approximated as

opdDiff = d −
d ρ2

ccccccccccc
2 z2

;

The phase difference, f, for adjacent point sources is given by

φ = k opdDiff

k Jd −
d ρ2
ccccccccccc
2 z2 N

Clear@φD

The total field at a point in the observation field is given by

etotal =
a
cccc
z

 Æ−Ç ω t ÆÇ k z H1 + ÆÇ φ + ÆÇ 2 φ + ÆÇ 3 φ + ÆÇ4 φL;

where the r in the denominator is approximated as a constant z.  We can write

amp = 1 + ÆÇ φ + ÆÇ 2 φ + ÆÇ 3 φ + ÆÇ4 φ;

amp can be written as
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amp = Sum@ÆÇ n φ, 8n, 0, p<D ê. p → 4
−1 + Æ5 Ç φ
cccccccccccccccccccccccc
−1 + ÆÇ φ

Factoring yields

amp = amp ê. 9−1 + Æx_ → Æ
xcccc2  I−Æ

−xcccccc2 + Æ
xcccc2 M,

1
cccccccccccccccccccc
−1 + Æx_

→
1

ccccccccccccccccccccccccccccccccccccccc
Æ

xcccc2  I−Æ
−xcccccc2 + Æ

xcccc2 M
=

Æ2 Ç φ I−Æ− 5 Ç φccccccccccc2 + Æ
5 Ç φccccccccccc2 M

ccccccccccccccccccccccccccccccccccccccccccccccccccccc
−Æ− Ç φccccccc2 + Æ

Ç φccccccc2

Converting the exponentials to sins yields

amp =
Æ2 Ç φ ExpToTrigAI−Æ− 5 Ç φccccccccccc2 + Æ

5 Ç φccccccccccc2 ME
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

ExpToTrigA−Æ− Ç φccccccc2 + Æ
Ç φccccccc2 E

Æ2 Ç φ CscA φ
cccc
2
E SinA 5 φ

cccccccc
2

E

The irradiance goes as the square of this or

irradiance@φ_D :=
Sin@ 5 φcccccc

2
D2

cccccccccccccccccccccccccc
Sin@ φcccc

2
D2

;

The  above  result  is  a  common result  that  we  see  in  interference.   If  there  were  N  interfering  beams,  where  the
phase difference between adjacent beams is a constant, f, the irradiance would go as
                             Sin@ Nφcccccc2 D2

cccccccccccccccccc
Sin@ φcccc2 D

2 .

Remembering  that  from  above  that  f  goes  as  r2, it follows that  the  fringes  are  circular  in  the  x-y  plane.   The
fringes are widely spaced in the center and become more closely spaced as we move away from the origin.  The
following shows a profile of the fringes.

Plot@irradiance@φD ê. φ −> ρ2, 8ρ, 0, 6<,
AxesLabel → 8"ρ", "Irradiance"<, Background → WhiteD;
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Irradiance

2Basic Interference.nb Optics 505- James C. Wyant (2000 Modified) 5



The fringes get sharper as the number of sources increases.  In the above plot d is assumed to be an integer
number of wavelengths.  If this is not true, the position of the fringes will shift, but the shape will not change.

The following shows a density plot for the irradiance.

DensityPlot@irradiance@φD ê. φ −> x2 + y2, 8x, −6, 6<, 8y, −6, 6<, Mesh → False,
PlotPoints → 150, AxesLabel → 8"x", "y"<, PlotLabel → "Irradiance", Background → WhiteD;
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Irradiance

I - 3
An observation screen is illuminated with two mutually coherent collimated beams of like polarization and equal
intensity.  The two beams make an angle of ± 1 milli-radian with respect to the normal to the observation screen.
a) What is the irradiance distribution and fringe spacing on the observation screen?
b) Let the interference fringes be observed by use of a photocell, which has an effective area of a slit.  The height,
H,  of  the  slit,  which  is  parallel  to  the  fringes,  is  fixed,  while  the  width,  w,  is  variable.   Assume  that  the
photocurrent is proportional to the light flux falling on the detector.  Give the variation of the current as a function
of abscissa x of the slit and show that the observed fringe visibility is given by Sin(pw/s)/(pw/s),  where s is the
spacing of the fringes.  Plot the visibility as a function of w/s.
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Solution

ü a)

irradiance = io J1 + CosA 2 π
cccccccc

λ
 opdEN

opd = 2 y Sin@θD; θ = 0.001;

Let s = fringe spacing

2 π
cccccccc

λ
 2 s H0.001L = 2 π

SolveA 2 π
ccccccccc

λ
 2 s H0.001L == 2 π, sE

88s → 500. λ<<

irradiance = io I1 + CosA2 π 
y
ccccc
s
EM

ü b)

Let c be a proportionality constant.

i = c ‡
y−wê2

y+wê2

J1 + CosA2 π
yy
ccccccc
s

EN Åyy

c
i

k
jjjjjw −

s SinA 2 π H− wcccc2 +yLcccccccccccccccccccccs E
ccccccccccccccccccccccccccccccccccccccccccc

2 π
+

s SinA 2 π H wcccc2 +yLcccccccccccccccccccs E
ccccccccccccccccccccccccccccccccccccccccc

2 π

y

{
zzzzz

i = TrigExpand@iD

c w +
c s Cos@ π yccccccs D2 Sin@ π wccccccs D
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

π
−

c s Sin@ π wccccccs D Sin@ π yccccccs D2

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
π

i = c w + SimplifyA
c s Cos@ π yccccccc

s
D2 Sin@ π wccccccc

s
D

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
π

−
c s Sin@ π wccccccc

s
D Sin@ π yccccccc

s
D2

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
π

E

c w +
c s Cos@ 2 π ycccccccccs D Sin@ π wccccccs D
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

π

i = c w 
i

k
jjjjjj1 +

Cos@ 2 π yccccccccc
s

D Sin@ π wccccccc
s
D

cccccccccccccccccccccccccccccccccccccccccccccccccccccπ wccccccc
s

y

{
zzzzzz

visibility =
imax − iminccccccccccccccccccccccccc
imax + imin

;

visibility =
Sin@ π wccccccc

s
D

ccccccccccccccccccccccccccccπ wccccccc
s

;

Negative visibility means a phase reversal.  That is, light fringes where dark fringes should be and vice versa.
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PlotAvisibility ê. w → β s, 8β, 0, 4<,

AxesLabel → 9"
w
cccc
s

", "Visibility"=, Background → White, PlotRange → AllE;
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I - 4

A point source So illuminates two narrow identical parallel slits S1 and S2 ruled vertically in an opaque screen.

The wavelength of the light source is 0.5 microns and the slits are separated a distance 2 mm.  The interference
pattern is observed in a plane parallel to and at a distance of 1 m from the screen.

a)  What is the irradiance distribution and fringe spacing on the observation screen?
b)   Let  the  interference  fringes  be  observed  by  use  of  a  photocell,  which  has  an  effective  area  of  a  slit.

The height, H, of the slit, which is parallel to the fringes, is fixed, while the width, w, is variable.  Assume that the
photocurrent is proportional to the light flux falling on the detector.  Give the variation of the current as a function
of ordinate y of the slit and show that the observed fringe visibility is given by Sin(�w/s)/(�w/s), where s is the
spacing of the fringes.  Plot the visibility as a function of w/s.
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Solution
Clear@i1, i2D

λ = 0.5 µm; k =
2 π
ccccccccc

λ
;

The distance, d, between the slits is

d = 2 mm; mm = 103 µm;

The distance from the slits to the screen, zo, is

zo = 1 m; m = 106 µm;

ü a)

If the irradiances of the two beams are i1 and i2, the resulting irradiance, i, is given by

i = i1 + i2 + 2 
è!!!!!!!!!!!!!

i1 i2  Cos@k opdD;

opd = y
d

ccccccc
zo

;

In going from one fringe to the next fringe (k opd) changes by 2p.  Thus, the fringe spacing, s, is given by

s =
2 π
ccccccccc

k
 

zo
ccccccc
d

250. µm
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ü b)
Clear@i, s, i1, i2, imeasured, visibilityD;

From the above, the irradiance can be written in terms of the fringe spacing, s, as

i = i1 + i2 + 2 
è!!!!!!!!!!!!!

i1 i2  CosA2 π
y
cccc
s
E;

imeasured = ‡
y'− wcccc2

y'+ wcccc2
i Åy

i1 w + i2 w −
è!!!!!!!!!!!!i1 i2 s SinA 2 π H− wcccc2 +y�Lccccccccccccccccccccccs E
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

π
+
è!!!!!!!!!!!!i1 i2 s SinA 2 π H wcccc2 +y�Lccccccccccccccccccccs E
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

π

A  little  algebra  needs  to  be  done  making  use  of  the  trig  identity  Sin[a+b]=Cos[a]Sin[b]+Cos[b]Sin[a].   Using
Mathematica we get

imeasured = FullSimplify@ExpToTrig@Simplify@TrigToExp@imeasuredDDDD

Hi1 + i2L w +
2 è!!!!!!!!!!!!i1 i2 s Cos@ 2 π y�

cccccccccccs D Sin@ π wccccccs D
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

π

Let i1 = i2 = 1

i1 = 1; i2 = 1; imeasured

2 w +
2 s Cos@ 2 π y�

cccccccccccs D Sin@ π wccccccs D
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

π

We need to do some factoring so we get the equation into the form of 

Irradiance = constant J1 + visibility CosA 2 p y'
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

s
EN

imeasured = imeasured ê. a_ w + b_ → a w i
k
jj1 +

b
cccccccc
a w

y
{
zz

2 w
i
k
jjjj1 +

s Cos@ 2 π y�
cccccccccccs D Sin@ π wccccccs D

ccccccccccccccccccccccccccccccccccccccccccccccccccccccc
π w

y
{
zzzz

Thus,

visibility =
Sin@ π wccccccc

s
D

ccccccccccccccccccccccccπ wccccccc
s

;

Let wÅÅÅÅÅs = a so we can easily plot,
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PlotAvisibility ê. 8w → a , s → 1 <, 8a, −3, 3<,

AxesLabel −> 9"
w
cccc
s

", "Visibility"=, Background −> WhiteE;
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When the visibility goes negative we have a phase reversal in the measured fringe pattern.

I - 5
You are given 3 mutually coherent point sources of equal amplitude, each separated a distance h, as shown in the
figure.  The three point sources have the initial phases q1 , q2 , and q3 .  Find the irradiance in the y direction if  

D >> y and h <<
è!!!!!!!

λ D ,

 and give a physical explanation if

Case I:  q1  = q2  = q3  = 0.
Case II: q1  = q3  = p/2  and q2  = 0.
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Solution

s1p =
"############################Hy − hL2 + d2

s2p =
è!!!!!!!!!!!!!!!

y2 + d2

s3p =
"############################Hy − hL2 + d2

We can approximate these distances as

s1p ≈ d +
y2 − 2 y h + h2

ccccccccccccccccccccccccccccccccc
2 d

≈ d +
y2 − 2 y h
ccccccccccccccccccccccc

2 d

s2p ≈ d +
y2

ccccccccc
2 d

s3p ≈ d +
y2 + 2 y h + h2

ccccccccccccccccccccccccccccccccc
2 d

≈ d +
y2 + 2 y h
ccccccccccccccccccccccc

2 d

The corresponding phases can be written as

φ1 = θ1 +
2 π
ccccccccc

λ
 
i
k
jjjjd +

y2 − 2 y h
ccccccccccccccccccccccc

2 d
y
{
zzzz;

φ2 = θ2 +
2 π
ccccccccc

λ
 
i
k
jjjjd +

y2

ccccccccc
2 d

y
{
zzzz;

φ3 = θ3 +
2 π
ccccccccc

λ
 
i
k
jjjjd +

y2 + 2 y h
ccccccccccccccccccccccc

2 d
y
{
zzzz;

Since the sources have the same strengths, the normalized irradiance at point p can be written as

i = HÆÇ φ1 + ÆÇ φ2 + ÆÇ φ3L HÆ−Ç φ1 + Æ−Ç φ2 + Æ−Ç φ3L;

irradiance = Simplify@ExpToTrig@iDD
3 + 2 CosAθ1 − θ3 −

4 h π y
ccccccccccccccccc

d λ
E + 2 CosAθ1 − θ2 −

2 h π y
ccccccccccccccccc

d λ
E + 2 CosAθ2 − θ3 −

2 h π y
ccccccccccccccccc

d λ
E

Case I
θ1 = θ2 = θ3 = 0
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irradiance ê. 8θ1 −> 0, θ2 −> 0, θ3 −> 0<
3 + 4 CosA 2 h π y

ccccccccccccccccc
d λ

E + 2 CosA 4 h π y
ccccccccccccccccc

d λ
E

Plot@83 + 4 Cos@π yD, 3 + 2 Cos@π 2 yD<,
8y, 0, 6<, PlotStyle → 8Red, Blue<, Background −> WhiteD;

1 2 3 4 5 6

2

4

6

The double frequency component is due to the interference of s1 and s3.  The single frequency component is due
to the interference of s2 and s3 and s1 and s2.  The total pattern is the superposition of the pattern obtained from
all possible pairs of point sources.

Case II

θ1 = θ3 =
π
cccc
2

and θ2 = 0.

irradiance ê. 9θ1 −>
π
cccc
2

, θ3 −>
π
cccc
2

, θ2 −> 0=

3 + 2 CosA 4 h π y
ccccccccccccccccc

d λ
E

The interference of points s1 and s2 and the interference of points s2 and s3 are out of phase 180° and hence
cancel one another out.  Thus, the single frequency component is cancelled and we are left with only the double
frequency component.

I - 6
a)  Billet's split lens.  A converging lens of 20 cm focal length is cut in two by means of a plane passing through
its optic axis.  A source S of monochromatic light lies in this plane 40 cm from the lens, as shown in the figure.
As the half-lenses are gradually moved apart,  the image of  the source splits  into two images, acting as coherent
sources.   The  region  between  the  two  half-lenses  is  blocked.   Determine  the  width  of  the  interference  fringes
observed on the screen at a distance of 100 cm when the lenses are 0.5 mm apart.  Assume l = 500 nm.
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S

40 cm 100 cm

b)  A spherical  wave  coming from a source  a distance xo  from an observation  screen is  interfered with  a  plane
wave  propagating  normal  to  the  observation  screen.   Show  that  the  areas  of  the  annular  regions  between
consecutive bright fringes are equal if we assume » xo » >>»y» or »z».

Xo

S X

Y

Solution

ü a)

The point source will be imaged to the right of the lens 40 cm.  Due to the 0.5 mm separation of the two parts of
the lens there will be two images of the point source separated by 1 mm.
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L = 60 cm

1.0 mm

L = 60 cm

1.0 mm

Let s be the fringe spacing.

H1.0 mmL s
ccccccccccccccccc
600 mm

= λ

s =
600 mm
ccccccccccccccccc
1.0 mm

 H0.5 10−3 mmL = 0.3 mm = fringe spacing

ü b)

opd =
r2

ccccccccccc
2 xo

, where r =
è!!!!!!!!!!!!!!!y2 + z2

If the opd = m l then

m λ =
r2

ccccccccccc
2 xo

and r =
è!!!!!!!!!!!!!!!!!2 xo m λ

The area of an annular zone is p r2 .

area = π H2 xo m λL

Between zones m changes by 1 so the area of each zone is

areaOfZone = 2 π xo λ, independent of m

I - 7
Sometimes when an airplane flies over my house the picture on my TV fades in and out repeatedly.  Explain.
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Solution
I am seeing the interference betwwen the direct  TV wave and the TV wave reflected off  the airplane.  The path
difference  (and  phase  difference)  varies  as  the  plane  flies  along  and  hence  I  have  constructive  and  destructive
interference repeadly.  I guess I need cable TV.

I - 8
Describe  quantitatively  the  fringes  observed  when  a  10  cm  radius  of  curvature  cylindrical  surface  is  placed  in
contact at one end with an optical flat and at the other end the separation between the optical flat and the 20 cm
long cylindrical lens is 0.1 mm.  Let the wavelength of the light be 450 nm.

Solution
Let  r  be  the  radius  of  the  cylinder.   Let  the  surface  of  the  optical  flat  be  the  x-y  plane.   Let  z  be  the  distance
between the flat  and the cylinder.   Let  q  be  the tilt  between the cylinder and the flat  plane.   q  = 0.1ÅÅÅÅÅÅÅÅÅÅ200 .   z can be
approximated by

z =
x2

cccccccc
2 r

+ y θ

Due to the p phase change upon reflection, the condition for a dark fringe is

2 z = m λ, where m is an integer.

x2
cccccccc
2 r

+ y θ = m λ
cccc
2

y = −
x2

ccccccccccccc
2 r θ

+
m λ
cccccccc
2 θ

, m = 0, 1, 2, ∫

θ =
0.1
cccccccccc
200

; r = 100; λ = 0.45 × 10−3;
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PlotA9−
x2

ccccccccccccc
2 r θ

+
1 λ
cccccccc
2 θ

, −
x2

ccccccccccccc
2 r θ

+
2 λ
cccccccc
2 θ

, −
x2

ccccccccccccc
2 r θ

+
3 λ
cccccccc
2 θ

, −
x2

ccccccccccccc
2 r θ

+
4 λ
cccccccc
2 θ

=,

8x, −1, 1<, Frame −> True, FrameLabel −> 8x, y<, Background −> WhiteE;

-1 -0.5 0 0.5 1
x

-8

-6

-4

-2

0

2

y

Spacing along y-axis

∆y =
λ

cccccccc
2 θ

 mm

0.45 mm

Spacing along x-axis

y = −
x2

ccccccccccccc
2 r θ

+
m λ
cccccccc
2 θ

, m = 0, 1, 2, ∫

x = $%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%i
k
jj

m λ
ccccccccc
2 θ

− yy
{
zz 2 r θ

For a given y, the fringe spacing, Dx, is given by

∆x =
r λ
cccccccc
2 x

I - 9
Two plane waves having a wavelength of 633 nm are interfered at an angle of 10 degrees.

a)  Where are the fringes localized?
b)  What is the fringe spacing if one of the plane waves is normal to the observation plane?
c)  What is the fringe spacing if the bisector to the two plane waves is normal to the observation plane?  
d)  What is the fringe spacing (in microns) if the bisector to the two plane waves makes an angle of 25

degrees to the observation plane?
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Solution
λ = 0.633 µm;

θ = 10 Degree;

ü a)

Since the source is a point source, the fringes are non-localized and the fringes exist every place
the two beams overlap.

ü b)

The fringe spacing, d, is given by

d =
λ

ccccccccccccccccccc
Sin@θD

3.6453 µm

ü c)

The fringe spacing, d, is given by

d =
λ

ccccccccccccccccccccccccc
2 Sin@ θcccc

2
D

3.63143 µm

ü d)
θavg = 25 Degree;

The fringe spacing, d, is given by

d =
λ

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
Sin@θavg + θcccc

2
D − Sin@θavg − θcccc

2
D

4.00684 µm

Note that this is equivalent to the result for part c divided by Cos[qavg].

λcccccccccccccccccc
2 SinA θcccc2 Eccccccccccccccccccccccccccc

Cos@θavgD
4.00684 µm
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I - 10
Two plane waves having a wavelength of 500 nm are interfered at an angle of 1 degree.
a) Where are the fringes localized?
b)  What  is  the  fringe  spacing  (in  microns)  if  the  bisector  to  the  two  plane  waves  is  normal  to  the  observation
plane?
c) What is the fringe visibility if the irradiance of the two plane waves is the same and the two plane waves are
linearly polarized with an angle of 30 degrees between the direction of polarization for the two waves?
d) What is the fringe visibility if  the two waves have parallel electric fields and one plane wave has 5 times the
irradiance of the other plane wave?

Solution

ü a)

Two plane waves interfering so the fringes are non-localized.

ü b)

fringeSpacing =
λ

ccccccccccccccccccccccccccccccccc
2 Sin@0.5 °D ê. λ → 0.5 µm

28.6483 µm

ü c)

visibility = Cos@30 °D =

è!!!!
3

cccccccccc
2

= 0.866

ü d)

i = I1 + I2 + 2 
è!!!!!!!!!!!!

I1 I2  Cos@φD

Imax = I1 + I2 + 2 
è!!!!!!!!!!!!

I1 I2 ; Imin = I1 + I2 − 2 
è!!!!!!!!!!!!

I1 I2 ;

visibility = SimplifyA Imax − Imin
ccccccccccccccccccccccccc
Imax + Imin

E

2 è!!!!!!!!!!!
Ç1 Ç2cccccccccccccccccccccc

Ç1 + Ç2

visibility ê. I2 → 5 I1 =

è!!!!
5

ccccccccccc
3
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I - 11
Two spherical waves are interfered as shown below.

a) What is the fringe spacing (in microns) if the wavelength is 500 nm?
b) What is the fringe visibility if the relative intensity of the two spherical waves is 9 to 1?  State any

assumptions you are making.
c) Let the two sources have the same intensity, but  now two wavelengths,  500 nm and 510 nm, are

present.  Give the first value of Y for which the fringe contrast drops to zero.

Y

1 mm

1 mm 1 meter

Two Point 
  Sources Observation 

     Plane 

Solution

ü a)

Let Y1 = fringe spacing
L = distance from source to screen
d = distance between sources

d J Y1
cccccccc
L

N = λ

Y1 =
λ

ccccccccccccccccccHd êLL =
0.5 µm

cccccccccccccccccccccc
2 × 10−3

= 250 µm

ü b)

V =
2 
è!!!!!!!!!!!!

I1 I2
ccccccccccccccccccccccc

I1 + I2
=

2 
è!!!!!!!!!!!!!!!

I2 ê I1
cccccccccccccccccccccccccc
1 + I2 êI1

=
2 
è!!!!

9
cccccccccccccc
1 + 9

= 0.6
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ü c)

d θ = m λ1 = i
k
jjm +

1
cccc
2
y
{
zz λ2; m Hλ1 − λ2L =

λ2
ccccccc
2

; m =
λ2

ccccccccccc
2 ∆λ

θ =
λ1 λ2

cccccccccccccccc
2 ∆λ d

=
0.5 H510L

cccccccccccccccccccccccccccccccccc
2 H10L 2 × 103

= 0.006375 =
y
cccc
L

y = 0.006375 H103 mmL = 6.38 mm

I - 12  
Newton's rings are observed with a plano-convex lens resting on a plane glass surface.  The radius of curvature of
the convex surface is R = 10m.  Assume the lens is slowly moved away from the plane glass surface until the
separation of the plane glass surface and the convex surface is 0.1 mm.

a)  Do the radii of the fringes increase or decrease?
b)  How many times does the intensity at the center of the interference fringes go through a maximum if

the incident light is monochromatic and has a wavelength 500 nm?

Solution

ü a)

For a given fringe the OPD is a constant.  Therefore, for a convex surface the fringe radii will decrease as the
convex surface is moved away from the flat.

ü b)

When the surfaces are in contact there will be a dark fringe at the center.  The first bright fringe at the center will
occur when the surface is moved 1/4 wavelength, and hence the OPD changes by 1/2 wavelength.  After this a
bright fringe will appear every time the surface is moved 1/2 wavelength and the OPD changes by 1 wavelength.
The number of bright fringes we go through is given by

1 +
0.1 106 nm − λcccc

4cccccccccccccccccccccccccccccccccccccc
λcccc
2

ê. λ → 500 nm

400.5

Thus, we go through 400 bright fringes in moving the lens 0.1 mm from the flat.
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I - 13  
Newton's interference fringes are observed with a plano-convex lens resting on a spherical-concave glass surface.
The  radius  of  curvature  of  the  convex  lens  surface  is  15  meters  and  the  radius  of  curvature  of  the
spherical-concave glass surface is 30 meters.  The source has a wavelength of 500 nm. 
a) If the two spherical surfaces are touching in the center, what is the radius of the 4th dark fringe from the
center?
b) Do  the  radii  of  the  fringes  increase  or  decrease  as  the  lens  is  slowly  moved  away  from  the  concave
spherical glass surface.

c) If  the source has two wavelengths,  500 and 510 nm, of equal strength,  the fringe visibility drops to zero
for the mth dark fringe from the center for the 510 nm wavelength.  What is the value of m?

Solution

sag =
ρ2

ccccccccccc
2 r1

−
ρ2

ccccccccccc
2 r2

; opd = 2 sag;

r1 = 15 m; r2 = 30 m; λ = 0.5 × 10−6 m;

ü a)

For the 4th dark fringe opd = 4 l.

radius = ρ ê. Solve@opd m 4 λ, ρ êê ND
8−0.00774597 m, 0.00774597 m<

radius@@2DD 
103 mm
ccccccccccccccccc

m
7.74597 mm

ü b)

For a given fringe the OPD is a constant.  Therefore, as the separation is increased the fringe radii will decrease.

ü c)

If the fringe visibility drops to zero for the mth dark fringe from the center for wavelength l1 then

m λ1 = Jm +
1
cccc
2
N λ2

m =
λ2

ccccccccccccccccccccccccccc
2 Hλ1 − λ2L

;
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m ê. 8λ1 → 510, λ2 → 500<
25

I - 14 
Newton's rings are observed with a quasi-monochromatic light of wavelength 500 nm.  If the 20th bright fringe
has a radius of 1 cm, what is the radius of curvature of the lens forming one part of the interfering system?

Solution

sag =
ρ2

cccccccc
2 r

; opd = 2 sag;

ρ = 10−2 m; λ = 0.5 × 10−6 m;

For the 20th dark fringe opd = 19.5 l.

radiusOfCurvature = r ê. Solve@opd m 19.5 λ, r êê ND
810.2564 m<

radiusOfCurvature@@1DD

10.2564 m

I - 15
a)  Where are the fringes localized in a Michelson interferometer if

i)  I have circular fringes?
ii)  I have essentially straight fringes?

b)  I adjust a Michelson interferometer to have white light fringes.  Are the fringes circular or straight?  Explain.

Solution

ü a)

The  circular  fringes  are  fringes  of  equal  inclination  and  they  are  localized  at  infinity.   The  straight  fringes  are
fringes  of  equal  thickness  and  they  are  localized  in  a  region  close  to  the  location  of  the  tilted  mirrors  in  the
Michelson.
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ü b)

For  white  light  fringes  the  OPD must be  close  to  zero.   The fringes  are  fringes  of  equal  thickness  and  they are
nearly straight.

I - 16
a)  I have broken the compensator plate in my Michelson interferometer.  Why can't I compensate for the change
in optical path by moving one of the mirrors an appropriate amount?
b)  I shine a red light of wavelength 633 nm into my swimming pool.  If the refractive index of the water is 1.33,
what is the wavelength of the light under water?

Solution

ü a)

Due to  dispersion  the OPD is  a  function  of  wavelength.   To  match paths  for  all  wavelengths  we  must have  the
same dispersion in both paths.  Therefore, we need the compensator plate.

ü b)

λ =
λo
ccccccc
n

=
633 nm
ccccccccccccccccc

1.33
= 475.94 nm

I - 17
Show that for a plane parallel plate (Murty) lateral shear interferometer the shear, S, is given by

S =
t Sin@2 θD

cccccccccccccccccccccccccccccccccccccè!!!!!!!!!!!!!!!!!!!!!!!!!!!!
n2 − Sin@θD2

where t is the plate thickness, q is the angle of incidence, and n is the refractive index.
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Solution

s

θ

θ

t

‘
l

s

θ

θ

t

‘
l

l = 2 t Tan@θ'D; s = l Cos@θD;

Sin@θD = n Sin@θ'D; Cos@θ'D =
"#############################1 − Sin@θ'D2 =

è!!!!!!!!!!!!!!!!!!!!!!!!!!!!
n2 − Sin@θD2

cccccccccccccccccccccccccccccccccccc
n

s = 2 t Tan@θ'D Cos@θD =
2 t Sin@θD Cos@θD
cccccccccccccccccccccccccccccccccccccccccccccè!!!!!!!!!!!!!!!!!!!!!!!!!!!!

n2 − Sin@θD2
=

t Sin@2 θD
ccccccccccccccccccccccccccccccccccccè!!!!!!!!!!!!!!!!!!!!!!!!!!!!

n2 − Sin@θD2
;

I - 18
A quasi-monochromatic extended source of wavelength l is used in a lateral shear interferometer setup as shown
below.  The source is square with a width W, the focal length of the lens is f, the lens diameter is D, and the shear
is S.  The interferometer is adjusted to give straight equi-spaced fringes.

a)   Without  changing  the  amount  of  relative  shear,  how  would  you  adjust  the  interferometer  setup  to
change the number of straight equi-spaced fringes.

b)  If the extended source is replaced with a point source unity visibility fringes are produced.  In terms of
l,  W,  f,  D,  S,  and  any other  pertinent  quantities,  what  fringe  visibility is  obtained  when the  extended  source  is
used in the interferometer?  Assume the source size is small compared to f and D.
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W

S

Plane parallel 
plate

Source

c)  Repeat part b for the following setup.

W

Source

D

Polarizer

Wollaston 
   Prism

Analyzer

S

D21

Solution

ü a)

Change the distance between the source and the lens.

ü b)

Using the Van Cittert Zernike theorem the visibility goes as the Fourier transform of the source distribution.  For a
slit source we know the Fourier transform is a sinc function.
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An  alternate  way  of  calculating  the  fringe  visibility  is  to  break  the  extended  source  into  a  collection  of  point
sources and add up the irradiances produce by all the point sources.  If f is the focal length of the lens and x is the
position along the extended source we can write the irradiance as 

i = ‡
−wê2

wê2i
k
jj1 + CosA 2 π

ccccccccc
λ

 x
s
cccc
f

+ φEy
{
zz Åx

w +
f λ Cos@φD Sin@ π s wcccccccccf λ D
ccccccccccccccccccccccccccccccccccccccccccccccccccccc

π s

Thus, the visibility is given by

visibility =
Sin@ π s wcccccccccf λ D
cccccccccccccccccccccccccccπ s wcccccccccf λ

ü c)

Same result as for b except f is replaced with L, where L is the distance between the source and the first lens.

I - 19
A  plate  having  a  wedge  of  10  seconds  of  arc  is  used  to  check  a  2  cm  diameter  helium  neon  laser  beam  for
collimation.  The plate produces a shear of 2 mm.  Let the plate have a refractive index of 1.5 and let it be oriented
such that the shear is horizontal.

a)  If collimated light is present, horizontal fringes are obtained.  What is the spacing of the fringes?
b)   If  the  beam  incident  upon  the  beamsplitter  has  a  radius  of  curvature  of  100  meters,  what  angle,  in

degrees, will the fringes make with respect to the horizontal?

Solution

ü a)

The wedge of the plate in radians is given by

wedge = 10 seconds i
k
jjj 1 °

cccccccccccccccccccccccccccccccccc
3600 seconds

y
{
zzz 

π
cccccccccccccc
180 °

;

When we have collimated light the fringes are a result of only the wedge and not by the shear.  The angle between
the two interfering beams 2 n wedge.

angle = 2 n wedge ê. 8n −> 1.5<;

The fringe spacing is given by

fringeSpacing =
λ

cccccccccccccccccccccccccccccc
Sin@angleD ê. λ −> 0.633 × 10−3 mm

4.35219 mm
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ü b)

From above we know the opd due to the wedge is given by 2 n a x, where a is the wedge angle.

opdWedge = 2 n α y;

The opd due to the shear is

opdShear =
x2

cccccccc
2 r

−
Hx − sL2

cccccccccccccccccccc
2 r

êê Simplify

−
s Hs − 2 xL
cccccccccccccccccccccccccc

2 r

Therefore the opd is given by

opdWedge + opdShear

−
s Hs − 2 xL
cccccccccccccccccccccccccc

2 r
+ 2 n y α

For a given fringe this is a constant.

Solve@opd == opdWedge + opdShear, yD
99y → −

−2 opd r − s2 + 2 s x
cccccccccccccccccccccccccccccccccccccccccccccccc

4 n r α
==

Thus, the equation giving the loci of the fringes is

y = −
−2 opd r − s2 + 2 s x
cccccccccccccccccccccccccccccccccccccccccccccccc

4 n r α
;

The slope of the fringes is

slope =
s

ccccccccccccccccc
2 n r α

ê. 8s −> 2 mm, n −> 1.5, r −> 105 mm, α −> wedge<
0.13751

The slope in degrees is given by

ArcTan@slope DêDegree
7.82963

I - 20
A lateral shear interferometer produces a lateral shear given by 

S” = a i
ˆ

+ b j
ˆ

Give an expression describing the loci of bright fringes if the phase distribution J(x,y) of the wavefront under test
is given by J(x,y) = AHx2 + y2 ), where A is a constant.
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Solution
2 π m = A Hx2 + y2L − A HHx − aL2 + Hy − bL2L; m is an integer

2 π m = −A Ha2 + b2 − 2 a x − 2 b yL

I - 21
Newton's fringes are observed with a quasi-monochromatic light of wavelength 500 nm.  If the radius of curvature
of the lens forming one part of the interfering system is 10 meters, what is the radius of the 20th bright fringe?

Solution
Due to phase change upon reflection the center of the fringe pattern will be a dark fringe.  The OPD for the 20th
bright fringe is 19.5 l.

sag =
y2

cccccccc
2 r

; opd = 2 sag;

SolveA y2

ccccccc
r

== 19.5 λ, yE ê. 8r −> 1000 mm, λ −> 0.5 × 10−3 mm<
88y → −3.1225 mm<, 8y → 3.1225 mm<<

Radius of 20th bright fringe is 3.12 mm

I - 22
The  following  interferogram  was  obtained  using  a  Twyman-Green  to  test  in  transmission  a  window  having  a
refractive index of 1.5.  The wavelength of the source is 633 nm.

a)  What is the maximum thickness variation in units of microns in the window?
b)   The same window is  tested using a  Mach-Zehnder  interferometer.   In  25  words  or  less,  describe  the

difference between the Twyman-Green and the Mach-Zehnder interferograms.
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Solution

ü a)

Maximum fringe  error  is  approximately  1  fringe  that  corresponds  to  an  OPD of  1  wave.  In  the  Twyman-Green
interferometer the window is tested in double pass.  If Dt is the error in the thickness,

opd=2(n-1) Dt.  Thus,

∆t =
1 λ

cccccccccccccccccccccccccccc
2 H1.5 − 1L ê. λ → 0.633 µm

0.633 µm

ü b)

In  the  Mach-Zehnder  the  window  is  tested  in  single  pass,  so  one-half  the  aberration  is  observed.   Thus,  the
peak-valley error will be approximately one-half fringe.

I - 23
A  radial  shear  interferometer  giving  a  maximum  shear  of  10%  of  the  diameter  of  the  beam  is  used  to  test  a
wavefront having a phase OPD of the form AHx2 + y2 ) + BHx2 + y2L2 .  A and B are constants.  Give an expression
describing the loci of the bright fringes.

Solution
If the maximum shear is 10% of the diameter it is 20% of the radius.

Let r =
è!!!!!!!!!!!!!!!

x2 + y2

A r2 + B r4 − HA H0.8 rL2 + B H0.8 rL4L
0.36 A r2 + 0.5904 B r4

I - 24
The  following  interferogram  was  obtained  testing  a  nearly  flat  mirror  in  a  Fizeau  interferometer  using  a
wavelength  of  500  nm.   When  the  right  side  of  the  reference  surface  is  pressed  downward  toward  the  sample
surface the number of fringes in the interferogram increases.

a) What is the peak-valley error, in units of microns, of the mirror surface?
b) Is the center of the mirror a high point or a low point?  Explain.
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Solution

ü a)

The error is approximately one-half fringe which would correspond to l/4 surface height error or 0.125 mm.

ü b)

When the right side of the reference surface is pressed downward toward the sample surface the number of fringes
in  the  interferogram increases  so  the  open  side  of  the  wedge  must  be  on  the  left.   Since  for  a  given  fringe  the
separation between the two surfaces must be a constant, and the center part of the center fringe moves toward the
thin portion of the wedge, the OPD in the middle is too much and we must have a low region in the middle of the
mirror.

I - 25
The  following  interferogram  was  obtained  testing  a  nearly  flat  mirror  in  a  Fizeau  interferometer  using  a
wavelength  of  500  nm.   When  the  right  side  of  the  reference  surface  is  pressed  downward  toward  the  sample
surface the number of fringes in the interferogram increases.
a) What is the peak-valley error, in units of microns,of the mirror surface?
b) Is the center of the mirror a high point or a low point?  Explain.
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Solution

ü a)

Approximately 1ÅÅÅÅÅ2 fringe error so the surface height error is 1ÅÅÅÅ4 wave or 0.125 microns.

ü b)

The  open  side  of  the  wedge  must  be  on  the  left.   Since  for  a  given  fringe  the  separation  between  the  two
surfaces is a constant the center of the mirror surface being tested must be a low region.

I - 26
A Fizeau  interferometer  is  used  to  compare  a  spherical  surface  of  100 m radius  of  curvature  with  a  flat  mirror.
The flat mirror is 100 mm in diameter and the spherical surface is 50 mm in diameter.  The wavelength is 500 nm.
Let the two surfaces touch at the center of the spherical surface.
a) Is the center fringe bright or dark?  Explain.
b) Let there be no tilt between the two surfaces so circular fringes are obtained. If the two surfaces touch in
the center of the spherical mirror, how many bright circular fringes are obtained?
c) What angle will the flat mirror have to be tilted relative to the center of the spherical surface so there are
no closed fringes?
d) The interferometer is again adjusted for circular fringes.  Do the circular fringes collapse to the center or
expand from the center if the spherical surface is moved away from the flat surface.
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Solution

ü a

The center  fringe  will  be  dark.   There  are two ways of  thinking about  this.   First,  if  the two surfaces are in
optical  contact  there  will  be  no  reflection  and  the  fringe  must  be  dark.   Second,  if  the  two  surfaces  are
extremely close, but not in optical contact, the OPD will be essentially zero and one reflection will be from a
high index to a low index and the second reflection will be from a low index to a high index.  One reflected
beam will have a phase change upon reflection of 180 degrees and the second will have a phase change upon
reflection of 0 degrees and a dark fringe will result. 

ü b

Since the spherical mirror has a long radius of curvature the sag can be approximated as r2
ÅÅÅÅÅÅÅ2 r where r is the radius

and r  is  the radius  of  curvature.   When the surfaces are in  contact there is  a dark fringe at  the center.   The first
bright  fringe occurs  when the separation between the two surfaces is 1/4 wavelength,  and hence the OPD is 1/2
wavelength.  After this a bright fringe will appear every time the separation between the two surfaces increases by
1/2 wavelength and the OPD changes by 1 wavelength.  The number of bright circular fringes is given by

1 +

ρ2
cccccc
2 r

− λcccc
4ccccccccccccccccccccc

λcccc
2

ê. 8λ → 0.5 10−6 m, ρ → 25 10−3 m, r → 100 m<

13.

Thus, there will be 13 bright circular fringes.

ü c

To not have any closed fringes the tilt must be large enough that no part of the spherical surface is parallel to the
flat.  The maximum slope of the sphere is given by

maxSlope =
ρ
cccc
r

ê. 8 ρ → 25 10−3 m, r → 100 m< êê N

0.00025

The maximum slope in arc-seconds is given by

maxSlope
1 arcsec
ccccccccccccccccccccccc

5 10−6

50 arcsec

Thus, the flat surface must be tilted at least 50 arc-seconds to not have any closed fringes.
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ü d

If the two surfaces touch at the center the spherical surface must be convex.  For a given fringe the OPD is a
constant.  Therefore, for a convex surface the fringe radii will decrease as the convex surface is moved away
from the flat.
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