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Coherence

C-1

a) What is the maximum order of interference that can be observed before the fringe visibility becomes
zero if the light source has a spectrum which extends from 500 nm to 550 nm?

b) Assume that this source is used in conjunction with a Michelson two beam interferometer and estimate
the maximum difference between the lengths of the two arms for which distinct interference effects can be
observed. (By estimate we mean, pick a convenient point on the visibility curve and regard it as the point up to
which "distinct" fringes are seen.)

¢) Under these conditions, can we conveniently observe the circular fringes localized at co, or should we
adjust the interferometer for the observation of the interference fringes of equal thickness?

Solution

The coherence function is given as the normalized Fourier transform of the source distribution function. Let the
average frequency be given by v, and let ov be the frequency spread. The coherence function is given by

jv°+§V/2ei (2nvr) dv

¥ = FullSimplify[ 2 ]
Ivo—év/z
e2intvo Sin[név t]
Tov T
ov is given by
1 1
sv=c (_ . _);
X A

Let Ax be the path difference so

AX
T=—;
c
Y
2 1 7T AX v, -
e~ Sin[rax (-L++ )1
i T
JTAX (_T + E)
m a)

There are two ways to solve this problem. First, we can solve the above expression for y to determine Ax for the
first zero in the coherence function.
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1 1
7T AX (—— + ——) =n. Thus
A1 A2
l -
=T 1
A1 A2

It is instructive to rewrite this as

A1 A2
A1 - A2 ?

Let AX = mAayg. Then,

AX

m= 5
Aavg
Al + A2
Aavg = T;
221 Ao

(A1 - A2) (A1 +A2)

m/. {A1»550nm, A »500nm} // N
10.4762

Thus the maximum order of interference that can be observed before the fringe visibility becomes zero is 10.

We need to clear some variables so we can work the problem using a different approach.

Clear[m]

There is a second interesting approach for solving this problem that gives a physical feel for what is really
happening. This second approach will not give as precise an answer as is given above, but it is generally close
enough. The second approach is to break the spectrum into two-halves and find the path difference such that for
each wavelength in the first half there is a corresponding wavelength in the second half that produces interference
fringes approximately one half period out of step with the fringes produced by the corresponding wavelength in
the first half. We can approximate this by saying

mAan=Ag (m+%) or

MAL = Ao (M+1)

Sol == 1

0 ve[m)ta\,g == (m+ -é-) ) m]
A

m- =%l

A2

A =X

m/. {x1 -»550nm, X - 500 nm}
10
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m b

First we will plot the visibility function as a function of round trip path difference.

Clear[AXx]
A1 = 550; A, = 500;

Sil’][ﬂ'AX (——1- + —l-)]

Plot|

0.8¢
0.6
0.4

0.2

: : : : : — AX(nm)
2000 4000 60800 8000 100 12000
-0.2+¢

A convenient point on the visibility curve might be 0.1. Solving for the path difference we get

Sin[rax (-+ + L
FindRoot[ [ ( )]

== 0.1, {AX, 4000, 6000} ]

(AX > 4993.61)

For a visibility of 0.1 the round trip path difference is 4994 nm (= 5 um). The difference between the lengths of
the two arms is one-half of this or 2.5 um.

mC

Let us first look at circular fringes. On axis 2d = my Aag, Where d is difference between the two arms. Off-axis
2d Cos[6] = my Aayg. Thus the difference in the order number on-axis and of-axis is

A 2d (1-Cosl[e]) _

Aavg

If the maximum value of d is 2.5 microns, Aaq is 525 nm, and a reasonable maximum value of 6 is say 20
degrees, then



3Coherence.nb Optics 505- James C. Wyant (2000 Modified) 4

Am /. {d>2.510% , e » 20 Degree}
0.574356

Thus, for the small path differences for which reasonable contrast fringes can be obtained, only about one-half
circular fringe can be obtained if we limit ourselves to 20 degrees. Therefore, we should look at the fringes of
equal thickness instead of the circular fringes.

C-2

A certain helium neon laser has five longitudinal modes. That is, the laser output consists of five distinct
wavelengths, all of which satisfy the equation 2nd = mA, where n is the refractive index within the laser cavity,
which we will set equal to one, d is the cavity length, i.e. the distance between the laser mirrors, m is an integer
called the order number (Am between consecutive laser lines is one), and A is the wavelength of each separate
laser line. Let the cavity length be 1 meter and assume for simplicity that the intensities of all five wavelengths
are equal.

a) If the laser is used as a light source for a Twyman-Green interferometer, what is the fringe visibility as
a function of path difference between the two interfering beams?

b) What path difference gives maximum fringe visibility and how does this path difference depend upon
the laser wavelength?

¢) How does the path difference for maximum fringe visibility depend upon the number of longitudinal
modes present?

Solution

What is the frequency difference between adjacent longitudinal modes?

From my favorite equation
2d=mx= m_vc or 2dv=mc
Hence, 2dAv =Amc

For adjacent lines Am = 1. Therefore,

8
Av = % _3x 102 mm/sec = 150 mHz, independent of wavelength

V2 i2nve 4 .
_ Jv1 G[V] e dv Zn:O (e]Lvant

viel= VVfG[v] dv 5

That is
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e:ﬁ.27rvot

4
T[t_] == = ZeiHZNAvr
n=0

Next we wi Il multiply thisby (1-e'27%" ") anddivideby (1 -e!274v ")

Simplify[y[t] (1-ei27avT)]

(1_eiZ7rAvt)
eZ]'l)Ttvo (71+(e101'1nﬂvt)

5 (1,(821‘17TA\/I)

Now we will multiply the numerator by
(e>172v 7y and divide the numerator by (€372 7).
We wi Il also multiply the denominator by (e’ 2V F)
and divide the denominator by (e!”2v®) .

e2:|'1.7r'1:\/0 @dirave Fullsimplify[(_1+elOinAvr) /e51'17rAv1:]
eiﬂAvt FullSimplify[S (l_e21'17rAv1:) /einAvt]
%e“””*z”wo Csc[mavt] Sin[5rAav t]

Thus the visibility is given by

Sin[5Av ]

visibility = Sgr = o

T is given by

2L
C

where 2 L is the round trip path difference

or
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We will now plot the magnitude of the visibility.

Sin[5x (X)]
5Sin[ x (X) ]
PlotLabel -> "Visibility vs path difference in units of laser cavity length",

PIot[Abs[ ] {x, 0, 3.5}, Background -> White,

1,‘ T ' T T T T ]

0 0.5 1 1.5 2 2.5 3 3.5
L/d

Remember that the round trip path difference is 2L. L is the difference in the length of the two arms of the
interferometer.

If the number of equi-spaced modes were N the visibility would be given by

visibility =

= b)
For maximum fringe visibility
7 () 2 =nn
or

round trip pathdifference=2L =2nd

That is, the round trip path difference should be an even integer number of laser cavity lengths, independent of the
wavelength.
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mC)
For two or more equi-spaced longitudinal modes the path difference for maximum fringe visibility does not
depend upon the number of modes, however as the number of modes increases, the peaks of the visibility function
become sharper and it is more critical that the round trip path difference is nearly equal to an even integer number
of laser cavity lengths.

C-3

A Michelson two-beam interferometer is used with a quasi-monochromatic extended light source having an
average wavelength of 600 nm, and observations are made at an effective plate separation, d, of 3 mm.

a) Do the fringes at the center expand or contract as d is increased? Explain.

b) What is the angular separation between the fringes?

c¢) If the interferometer mirrors are round and 50 mm in diameter and observed with the naked eye at a
distance of about 500 mm, about how many fringes appear across the field of the mirror?

Let the extended light source be replaced with a point source.
d) How does the shape of the interference fringes change?
e) How does the fringe localization change? Explain.
Let the light source have the following spectral distribution.
I(v) =1lo vl<v =v2

I(v) =0 vl>v >v2

f) What is the fringe visibility as a function of effective mirror separation?

Solution

My favorite equation is

2dCos[6] =m2x

m 3)

For constant m, as d increases Cos[6] decreases, therefore 6 increases and the fringes expand.

= b)
-2dSin[e] 56 = X ém
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aém 0.6 x1072 (-1)

56 = — = =
-2dSin[e] -2 (3) Sin[e8]

=10"* Csc[o]

m ()
At the center of the pattern

o 2d.
Y

The largest angle we see in the fringe pattern is 52T50 = % . Therefore at the edge

2dCos[ 451
A

my =

numberFringes = IntegerPart[my-my +1] /. {d ->3, A ->0.6 x107%}
13

= d)

The shape does not change.

me)

With a point source the fringes are non-localized.

= f)
Vzei27rvr dv
yio[t] = ==
dv
v1
AV AV
But vl:v—7 andv2:\7+7.

- Av
V+ .
T2 el2nvrqgy
V-7 ]

V+ Ay
[ Zav
V-7

yi2[t] = FuIISimpIify[

e2irtvsin[nay ]
TAV T

BUt © - 2dCos[o] . 2d

C (6]
ssibili Sin[rav (24)]

(
TTAV (%)
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C-4

Taking the angular diameter of the sun viewed from the earth to be about 1/2 degree, determine the diameter of
the corresponding area of coherence (area over which visibility >0.88) neglecting any variations in brightness
across the surface. (Let A =550 nm.) What does this coherence diameter tell you about the fringe visibility you
would obtain using the sun as a light source for a Young's double slit experiment?

Solution

Let
a=angular subtense of source
x=distance between points at which coherence is being measured, i.e. distance between pinholes in Young's

experiment

S 2 BesselJ[1, %X
visibility = M[X i ] ;
A

2BesselJ[1, 1] - 0.88

o X

That is, thevisibility = 0.88 when N =1.
. x 0.55pum
X= = — G651 0.5 2 =20.0616 um

m Young's Experiment

If a narrow spectral bandpass filter is used so A = 550 nm a slit separation of 20 um gives a fringe visibility of
0.88. Larger slit separations give smaller visibility as given by the Bessel function above.

C-5

A quasi-monochromatic spatially incoherent source is used for a Young's double slit experiment.
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Ay
t
| ¢
I'l
| v
Source
<< L > < D >

a) Let the radiance of the source be given by the function
1(Yo)=1lo[1 +cos(2nY,/T)],
where lo and T are constants. Let the width of the source in the Y, direction be a, where a >>T. How does the

fringe contrast depend upon T, L, D, h, and the wavelength A?
b) Repeat part a for the source radiance distribution

Iy —» '
> I_.|4 T |q Y. =0 many periods
2 2 0
Solution
la)
2 10yo] CoS[ 22 (yo M vy N)]dy,
R i : S =il (1+Re[yi2[T]])

Jfa I [yO] dlyO
a
If 7 is zero then y=0

[Z (1+Cos[ 2~ yo]) Cos[ 22 (yo {)] dYo
2

J% (1+Cos[ %" yol) dyo

Re[y12[0]] =

m Calculations (messy, but the results are worth it)

Denominator
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an
a+ N T ]
VA
. Sin[&zr
denominator = a [1+ a[,rT ]
n
If a >>T then denominator = a
First part of numerator
N z 2x h
FullSlmlefy[j Cos[— (yo —)] dyo]
2 A L
LASin[ahr
h
This can be rewritten as
H 7 h
Sin[7% ]
1l nrna h
a A L
Second part of numerator
%Cos 2n Cos 2”( h) d
J_Ta [TYO] [T YOT ] Yo
LTASin(22hTLA 1 | TaSin[ 22 (hTLy |
27 (hT-Lx) - 27 (hT+Lx)
This can be rewritten as
1 (Sin[z (-] Sin(EE (e 1)) ]
1 h A 1 h A
2 5 (T -7) = 5 (T T)

. . Sin[Z& ﬂ] 1 Sin[ﬂ(i,l” Sin[ﬂ(LJrL)]
visibility = Lk t 5 LT + LT
ST = (T -7) za (b4

Conclusions

The visibility does not depend upon D.

The visibility function has 3 peaks. One peak is for h = 0 (no surprise) and the other two are for h =+ % L.

The larger a, the size of the source, the sharper the peaks.

Even without doing any calculations we should have been able to guess these results since the coherence function
goes as the Fourier transform of the source distribution.
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= b)
The result will be same as above except now we have the Fourier transform of a 50% duty cycle binary grating
instead of a cosine distribution.
V1Yol Cos[2E (yo )] dYo
JZ 1Yol dYo
=z

Re[v12[0]] =

FT[(+ comb[ ¥ ] »rect[2¥]) rect[ % ]]
a

2

Re[v12[0]]

—
>

visibility =T (comb[%] sinc|

a
T

The comb gives peaks of h equal to a positive or negative integer times AT—L . However, the first sinc function will
cause all even integer peaks (except zero) to disappear. Thus, we will have peaks in the coherence function for h
being a positive or negative even integer times AT—" The width of the peaks is determined by the last sinc. The

larger the size of the source (width a) the sharper the peak. (The mathematical form of the coherence function is
the same as the mathematical form of the Fraunhofer diffraction pattern of a 50% duty cycle binary diffraction

grating.)

]) +sinc|

-

2L A

C-6

Using Lloyd's mirror, interference fringes are observed on a screen a distance L from the source. Assume y<<L
and Yo<<L. Assume the reflectance of the mirror to be unity.

AY

observation
screen

mirror

TY e Source
{
<

a) If the "point" source has a spectral radiance distribution 1[v], how does the irradiance distribution on the
observation screen depend upon I[v]?

L >

b) Let the "point” source be replaced with an incoherent extended source having a radiance distribution 1[Y0].
Assume the extended source can be considered to be quasi-monochromatic having a wavelength A. How can you
determine I[YY0]? Explain your technique in both physical and mathematical terms.
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Solution
We will assume the mirror reflectance is 1 and the phase change due to reflectance is ¢. Near glancing incidence

¢=m.
1[y] =10 (1+COS[ZT]T (2Yo) %-*—(j)}); %: %

ma)
We will let ¢ = 7.

iy _J:i[v] (1—Cos[2n ( 2g°) % v]) dv

ReU;i [v] el27m (52) £v dlv]
jg"i[v] dv

1-

i[y] =1

The Fourier transform of I[v] is displayed along the y axis.

[Ti1Yo] dYo

[ b)
iy] :Liwo} (1-(:03[% (2 Yo) % ]) daYe
i 125 (2Ye) ¥
i[y] = io {1_ Re[[Ti[Yol e . )

i[Yo] is obtained by Fourier transforming the varying portion of the irradiance distribution as a function of y.
All we need to do is to scan fringes and determine visibility and fringe shift from the ideal position as a function

of y. That is, the Fourier transform of i[ Y] is displayed along the y-axis.

C-7
In the Young's two pinhole experiment shown below the source is displaced off axis 1 cm. Assume the pinhole
diameter is comparable to the wavelength. Let the source have a spectral distribution shown below. Where is the
fringe visibility a maximum? Give the two values of y closest to the maximum fringe visibility where the fringe

visibility goes to zero.
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Source Distribution

y
lcm D=5cm
v \ 10
; ¢ D 21:400m
# 22:60cm
A=600nm >
< >ie »> ' V1 Vo v
Z, Z, A5 500nm

Solution

Lety, be the y coordinate for zero OPD and maximum fringe visibility.

Z3
Yo=-— (1cm);
Z;

Yo=Yo /- {z1540cm, z -60cm} // N
-1.5cm

We will now solve for the locations of zero visibility closest to the position of maximum visibility.

Vo+8v/2 1 2xve)
Ivo-ﬁv/ZE dv

ylz_] := T ;yltl
J‘vo—év/Z
JE- 17T (6v-2v0) 1EV 7T (6v+2v0)
2t - 2t
ov

This can be simplified to give a sinc function. Using Mathematica to do the algebra we get

temp = FullSimplify[ExpToTrig[TrigExpand[FullSimplify[¥[z]]1]1]1];

y[t_] :=temp; y[z]
E2V7tvo Sin(x 6v T

név e
ov is given by
1 1
sv=c (____.);
A A

Let Ax be the path difference so

AX
T=—,
c
¥zl
21 1AX vo - 1 1
E= ¢ Sln[nAx(—T+X)]
TAX (-2 + 2

w T og)
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1 1
For zero fringe visibility 7 Ax (_T + T) =+, or
1 2

1
AX=t——o— /_ {21 »600nm, A2 -> 500nm}

(% - =)

+ (3000 nm)

But opd is given by

Opd=d(y_yo);

Z2

Setting the opd equal to Ax and solving for y yields

Solve[ax ==opd, y] /. {d> 5cm, z, » 60cm, z; » 40cm, nm- 10" cm} // N
{{y->12. (-0.125cm+ + (0.0003 cm) ) }}

yl=12 (-0.125cm + 0.0003cm) // N
-1.4964 cm

y2 =12 (-0.125cm - 0.0003 cm)
-1.5036 cm

Thus, the positions of the zero visibility near the maximum visibility position are -1.4964 cm and -1.5036 cm.

C-8

A Michelson Stellar Interferometer working at a wavelength of 500 nm is used to measure the separation of
binary stars. What is the separation of two stars, in seconds of arc, if the first minimum of fringe visibility is
obtained with a mirror separation of 3 meters?

Solution

Let h be the mirror separation.

ho =

N

A 0.5x10%m 1 sec
0= — = =0.017 sec
2h 2 (3m) 4.85 x107
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C-9

Point source S, located a distance 1 mm below the Z axis has two distinct wavelengths whose mean wavelength is

500 nm. The source illuminates two pinholes separated 1 mm. In the resulting interference pattern the fringe
visibility is 1 for the zero order fringe. As we move away from the zero order fringe the fringe visibility gradually
reduces until the fringe visibility becomes a minimum of 0.5 at a Y distance of 2.5 mm away from the zero-order
fringe. Ata'Y distance of 5 mm from the zero-order fringe the fringe visibility is 1.

a) Give the value of Y for the location of the zero order fringe.

b) What is the wavelength separation between the two lines?
b) What are the relative intensities of the two lines?

REREF

1mm

1 :nrm i >Z

< 0.5m >< 0.lm—»

Solution

m )
The location of the zero order fringe is given as

0.1m

yZeroOrder = 1 mm
0.2 mm

m b)

At a distance of 5 mm from the zero order fringe the opd is given by
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5 103m) 10°%um
opd =103 m [ ] -

0.1m 1m
50. um

At the location of this bright fringe

AL AL
m ()La\,g + 7) =(m+1) (/la\,g - 7) = opd, where misan integer.

Solving for AA

- AX AL
Eliminate[{(m+1) (Aavg- 7) == opd, m (Aavg+ 7) == opd}, m]
200. Axpm == -1. AX% + 4. 234

Solve[200. Axpum == -1. AX? + 4. A3y, AA] /. Aayg > 0.5 um
{{a1~0.5 (-200. um - 200.01+/pm? ) }, {22~ 0.5 (-200. pm +200.01+/um? ) }}

Thus,
10°% nm
Aax=0.5 (-200 +200.01) um
1 um
5. nm
m ()

The visibility is given by

e imax - imin
visibilitys ——;
imax + imin

The maximum visibility is 1. For minimum visibility the fringes for the two wavelengths are out of step 180
degrees. Thus, imax is the intensity for one wavelength and imin is the intensity for the second wavelength. If r
is the ratio of the two intensities, the visibility can be written as visibility = % .

Solving for r

r
Solve[visibility ==

-1-visibility
Hr- T <isivimity
-1-visibility
{{r- T

-1l +visibility
{{r-3.}}

}} /- visibility»0.5

Thus, the ratio of the intensities of the two wavelength is 3 to 1.
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C-10

Fringes are observed using a Young's double slit. If the light source has two wavelengths, 550 nm and 560 nm,
and they have equal brightness, how many bright fringes do we have for the 550 nm wavelength before the fringe

visibility drops to zero?

Solution

For a bright fringe of wavelength 550 nm to fall at a dark fringe of wavelength 560 nm we have

1

550 m = 560 (m - 7) ; Therefore, m=28

Therefore, at the 28th fringe for the 550 nm wavelength on each side of the central fringe the visibility goes to
zero. Note that at this location the OPD between the two interfering beams for the 550 nm wavelength is 28
wavelengths and the OPD between the two interfering beams for the 560 nm wavelength is 27.5 wavelengths.

C-11

In the Young's two pinhole experiment shown below the light source consists of two equally bright "point"
sources incoherent with respect to each other. One source is above the axis 1 cm and the other source is below the
axis 1 cm. Let the wavelength be 500 nm. What is the smallest value of D, the slit separation, for zero fringe

contrast? Z; =40 cmand Z, =60 cm.

A
Source
o — ;
+ 2 cm D
a1 v
- Zq - Zo -
Solution

Zero fringe contrast for the smallest value of D will occur when the separation between the zero order fringes for
the two sources is equal to one-half the fringe spacing.

z, =40cm; z, =60cm;
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z
SeparationBetweenZeroOrderFringes = ;?- 2cm=3cm
1

If Ay is the separation between fringes and d is the slit spacing

day
Zy -

A

Ay =6c¢cm; A=0.5um;

d Ay e d]
Z3

{{d>5.um}}

Solve[

Thus, the smallest slit spacing for zero fringe contrast is 5 um.

C-12

I am using a Michelson Stellar interferometer to measure the separation of binary stars.

a) Sketch a Michelson Stellar interferometer.

b) What is the minimum mirror separation required for the fringe contrast to go to zero if the binary
stars are separated 0.05 seconds of arc? Assume the wavelength is 500 nm.

C) Sketch a setup of the Hanbury-Brown Twiss system for resolving the same binary stars. Gives two

advantages and two disadvantages of the Hanbury-Brown Twiss system versus the Michelson Stellar
interferometer.
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Solution
m a)
7
4 |
h d
T 7
Y
= b)
Let 6 be the star separation.
A
ho = >
by 500x107°m
h= — = p- =1.03m
26 2 (0.05 55%e55)

Fringe
Plane
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mC)
Detector
Amplifier
Multiplier
x — 1l
Time delay
Integrator
Advantages

1) Mirrors do not have to be as good.
2) Atmospheric turbulence has only small effect on the results.

Disadvantages

1) Need bright stars.
2) Cannot get phase information about coherence function.

C-13

A Young’s two-pinhole experiment is performed using pinholes separated 2 mm and a 100 micron wide slit

source of wavelength 500 nm is located 1 m from the two pinholes. Fringes are observed 0.5 m from the pinholes.

a) What is the fringe spacing?
b) What is the fringe contrast. State any assumptions you are making.
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Solution

Let  d=pinhole separation
L1 = distance from source to pinholes
L2 = distance from pinholes to observation plane
x = fringe spacing

la)
X
diz =~
L2 . .
X = = (0 5m) (O Sum) =125[Jm
d 2x107%m
lb)

Using the van Cittert-Zernike theorem the fringe visibility goes as the Fourier transform of the source distribution.
For a slit source the Fourier transform is a sinc function. The visibility is given by

Sin[rde /]

o e - W
visibility = A6/ where 6 is the angular subtense of the source, 6 = i1
Sin[rde/x 104 m
visibility - 0G0/ A {d->2x10%m, A->0.5x10°m, 6 -> }
rde/A 1m
0.756827
C-14

Point source So located a distance 1 mm below the Z axis has two distinct wavelengths of 490 and 510 nm. The
source illuminates two pinholes separated 1 mm. In the resulting interference pattern the fringe visibility is 1 for

the zero order fringe. As we move away from the zero order fringe the fringe visibility gradually reduces until the
fringe visibility becomes a minimum of 0.5.

a) Give the value of Y for the location of the zero order fringe.

b) Give the two values of Y closest to the zero order fringe where the fringe visibility is a minimum.
c) What are the relative intensities of the two lines?
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4 Y
v sy
1rr_1m >
'y
1 mm 4
v S
1
.SO
< 0.5m > < 0.lm —»
Solution
m a)
1 mm y
0.5m ~ 0.1m
sol 1 mm __
ovvel 55y = ol

{{y~>0.2mm}}

= b)

For the first minimum fringe visibility

maA (m 1]1
= + —
1 > 2

1
Solve[510m == (m . _) 490, m|
2

49
{{m-> 21}
The opd is
49

6.2475 um

The shift in the y position is given by

1mm
100 mm

=6.2475 um;

y = 624 .75 um = 0.625 mm

Thus, the two positions of minimum visibility closest to the position of the zero order fringe is
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{0.2+0.625, 0.2 -0.625} mm
{0.825mm, -0.425 mm}

m ()

For minimum visibility the two fringe patterns are out of step 1/2 fringe. Each separate fringe pattern has a zero
minimum.

Let r be the ratio of the intensities of the two wavelengths.

i = Wi -1
visibility = ~mx = tmin _ [
Imax + Inin r+1l
-1
Solve[ ==0.5, r]
1
{({r->3.}}
C-15

a) A light source has a spectrum which extends from 500 nm to 550 nm. How many interference fringes are
obtained between the first two zeros of the fringe visibility function?
b) This source is used with a Michelson interferometer. The interferometer is adjusted to obtain the maximum

number of good visibility interference fringes. What is the shape of the fringes? Where are the fringes localized?
Explain the reasons for your answers.

Solution

ma)

First zero occurs when fringes for center wavelength are half-period out of step with fringes for shortest or longest
wavelength. Equivalently, fringes for shortest and longest wavelength are in step, but order numbers differ by 1.

A1 ->500nm; A ->550nm
mi = (M+1) A

A
m= —25 /. {1 ->500nm, A -> 550 nm}
A2 — A1

10

Thus there are 21 fringes between the first two zeros.
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= b)

To have best contrast fringes OPD must equal zero someplace in the fringe field. Therefore, mirrors are tilted to
get fringes of equal thickness and fringes are essentially straight and localized near the mirrors.

C-16

A quasi-monochromatic slit source of wavelength 500 nm is used in a Young's two-pinhole experiment. The

source is 1 meter from the two pinholes, and the pinholes are separated by 1 mm. Fringes are observed 0.5 m
from the pinholes.

a) What is the fringe spacing?
b) What is the minimum width of the slit source such that zero contrast fringes are obtained?

Solution

Let  d=pinhole separation
L1 = distance from source to pinholes
L2 = distance from pinholes to observation plane
x = fringe spacing

] a)
X
L2 x 0.5 0.5
X = = ( m)( um) =250[Jm
d 103 m
= b)

We will work this problem two ways.
Let w = source width.

Break source into two parts

The first approach is to divide the source into two parts and find the source size such that each point in one-half of
the source produces a set of fringes shifted one-half period from the fringes produced by the corresponding point

in the other half of the source. If w is the width of the source, the points producing fringe patterns out of step
one-half period are separated a distance w/2.

d
1~

woda _A
2 2
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L1Ax 1m) (O.5um
We - (Im) ( um) - 500 um
d 1073 m

van Cittert-Zernike

The second approach is to use the van Cittert-Zernike theorem. The fringe visibility goes as the Fourier transform
of the source distribution. For a slit source the Fourier transform is a sinc function. The visibility is given by

visibility = % where o is the angular subtense of the source, o = w

L1
S - A w A
visibility =0Owheno = T q
L1 X 1 -
W e _(Am (0.5um - 500 um
d 1073 m

C-17

Newton's rings are observed using light having two wavelengths of 500 nm and (500 + A) nm. What is A if the
fringe visibility drops to zero for the 21st dark fringe for the 500 nm wavelength?

Solution

There is a dark fringe at the center for both wavelengths. If we go 21 dark fringes for the 500 nm wavelength

from the center dark fringe the OPD is 21(500 nm). The OPD for the second wavelength is 20.5 (500 + A).
These two OPDs are equal.

21 (500) = 20.5 (500 + A)

Solve[21 (500) == 20.5 (500 + A) , A]
({r—>12.1951})

C-18

Fringes are observed using a Young's double slit and a light source having two wavelengths, 500 nm and 520 nm.
Each wavelength by itself would give unity contrast fringes.

a) How many bright fringes do we have for the 500 nm wavelength before the fringe visibility becomes a
minimum?

b) What is the ratio of the intensities of the two wavelengths if the minimum fringe contrast is 0.4?
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Solution

la)

Minimum contrast occurs when maximum of one wavelength falls at minimum of second wavelength. We will
get a minimum fringe contrast when

1
m (500) = (m— E) 520

1
Solve[m (500) == (m— 5) 520, m]
{{m- 13}}

The fringe contrast goes to a minimum at the 13th fringe.

Number of fringes = 12+12+1=25

The 1 was added for the zero order fringe.

= b)

Since minimum contrast occurs when maximum of one wavelength falls at minimum of second wavelength we
have

| - Ini IntensityRatio-1
contrast = —— "% 1tyrate 0.4
Inax + Inin IntensityRatio+ 1

IntensityRatio-1

IntensityRatio+ 1
{{IntensityRatio - 2.33333}}

Solve[

== 0.4, IntensityRatio]

IntensityRatio = 2.33;

1

IntensityRatio _ 0.43




3Coherence.nb Optics 505- James C. Wyant (2000 Modified) 28

C-19

A sodium vapor lamp is placed behind a square aperture of side L. The radiant exitance from this aperture can be
modeled as uniform. The spectrum of the source can be modeled as consisting of two spectral lines at frequencies
vy and v,. The width of these lines can be neglected, and it can be assumed that the spacing between them, Av;, is
small compared to v; or v,. The objective of this problem is to discuss the coherence properties of the field
produced by this source in a plane a distance z; from the aperture. The tool to investigate these properties is a
pair of pinholes of spacing d as shown. Fringes are observed in a plane a distance z, from the pinholes.

a) Give an expression for the fringe spacing for fringes near the axis.
b) Discuss the fringe pattern for points off the axis for fixed d, z;, and z,.
C) Discuss the effect of pinhole spacing d on the fringe pattern.
d) Explain how you can deduce the aperture size L from the fringe pattern.
e) Explain how you can deduce Ay from the fringe pattern.
Aperture
Na Lamp
Pinholes Viewing
—3 o
L q Screen
. A
v
) Z e Z2 N
Solution

Let y1 be the vertical coordinate in the source plane and y be the vertical coordinate in the plane of the viewing
screen. The following equation gives the irradiance of the fringe pattern.

irradiance =
L/2 2 d 1
iOJ- (1+COS[—7T—V1 (y_..+y__d)
-L/2 C

cCos[&C”ZZMJ Sin[dt%] Z1

—_

_ L/2 2 d yl
)d1y1+|0J- (1+Cos[—vz (y—-—+—d]])dly1
-L/2 Cc Zy Z;

) { CCOS[ZdCNXVZJ Sin[dLﬁvz
4

121
+ IO Y47} CZ1

drvo

io {L+ dr.
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The source width L will cause the fringe contrast to drop both on axis and as we move away from the axis. The
effect of L on the fringe contrast becomes greater as d becomes larger. Letting v = %be the average
frequency, we can write the irradiance as

H dLnv
ioL 2+(COS[M} N COS[Zdﬂyvz]) Sin( o]
C 2 C Zo chzqv

The source size causes the fringe contrast to be reduced by the factor

H dLnv
Sin| oo ]
dLnvy
CZ;

This can be rewritten as

2oL |1+ (Cos[ 41Y 0= v2) | o[ A1Y (et v2) 1) Sin( oy
Cc 2z Cc 2z dcl-zqv

Again letting v = 222 and letting Av = v; — v, We can write the irradiance as

2oL 1+(Cos[m]cOs[2‘12’V]) S'nd[ufil ]]
Ton

The Cos | ”CLZE’V ] term gives us our fringes and the two separate frequencies causes the fringe contrast to drop

off as we move away from the axis by a factor Cos [ 4 7;3;2“ ].-

ma)
For a given fringe

2dnyv  2ndy
Cc2z; 122

The following equation describes the location of a given fringe of order m

y, -
dzﬁzfm)k

A is the average wavelength.

= b)
d influences the fringe spacing as shown in part a and it also influences how the source size reduces the fringe
H dLnav
contrast by the sinc factor, Smd[L#] , shown above.

cz1
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mC)

L can be determined by measuring the fringe contrast on axis and using the equation given in part c.

ld)

Av is determined by noting how the fringe contrast drops as we move off axis as noted in part b.

C-20

A small telescope objective is fitted with a two slit mask having a slit separation of 2.0 cm and a narrow band
spectral filter passing the wavelength of 600 nm. Consider an automobile moving toward the telescope. The
headlights of the auto are 120 cm apart. At a certain distance the interference fringes due to the light from the
headlights vanish for the first time. Assume the ideal conditions that the road is smooth and the auto is traveling
with uniform velocity toward the telescope. The contrast of the fringes due to the headlights is monitored and it is
found that the second time the fringe contrast goes to zero is one hour later. What is the speed of the automobile?

Solution

Let  d=distance between headlights =1.2 m
L = distance from car to telescope when fringe contrast first goes to zero
A = distance car travels in 1 hour
s = slit separation =2 cm

The first time the fringe visibility goes to zero the OPD across the two slits for light from one headlight is

one-half wave greater than the OPD for the light from the second headlight. The second time the fringe visibility
is zero the OPD is 1.5 wave.

d s - A d s 3
L~ 27 (L-a) ° 2
ans:Solve[EIiminate[{—ﬁ—s::—g- (L—dA)—S:?’TA}’ L],A]

{{a- 285

ans /. {d->1.2m, A->0.6x10°%m, s ->2x102m}
{{Ar—53333.3m}}

speed = 53.33 km/ hr
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c-21

A small telescope objective is fitted with a two slit mask having a slit separation of 2.0 cm and a narrow band
spectral filter passing the wavelength of 600 nm. Consider an automobile moving toward the telescope. At a
certain distance the interference fringes due to the light from the headlights vanish for the first time. Assume the
ideal conditions that the road is smooth and the auto is traveling with uniform velocity of 80 km/hour toward the
telescope. The contrast of the fringes due to the automobile's headlights is monitored and it is found that the

second time the fringe contrast goes to zero is one hour later. What is the separation of the two automobile
headlights?

Solution

Let  d =distance between headlights
L = distance from car to telescope when fringe contrast first goes to zero
A = distance car travels in 1 hour = 80 km
s = slit separation =2 cm

The first time the fringe visibility goes to zero the OPD across the two slits for light from one headlight is
one-half wave greater than the OPD for the light from the second headlight. The second time the fringe visibility
is zero the OPD is 1.5 wave.

dS_)k_ d 3—3—A

L~ 2 (L-n) > 2

ans:SoIve[Eliminate[{gS== 2 Ls:: 3—1} L], d]
L 2 (L-n) 2

{{d- 222

ans /. {A->80x10%m, A ->0.6x10%m, s ->2x10"2m}
{{d>1.8m}}

C-22

A 1 mm diameter pinhole is placed immediately in front of a spatially incoherent source of average wavelength
550 nm. The light passed by the pinhole is to be used in a diffraction experiment, for which it is desired to
illuminate a distant 2 mm diameter aperture coherently. Calculate the minimum distance between the pinhole
source and the diffracting aperture. State any assumptions being made.

Solution

Let L be the distance between the pinhole source and the diffracting aperture.

We want the source size to be less than the Airy disk diameter.
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32

airyDiskDiameter = 2.44 A = 2_44 (0-55x 106 m

Solve[2.44 (0.55><10-6 m W) ==103m, L]
X ~m

({L>1.49031m})



