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This note gives historical perspective of the Haidinger fringes. These fringes were first observed with thin mica sheet
illuminated with light from a broad source. After the arrival of laser, it has been used for testing parallelism of surfaces,
angle of wedge plate etc. © Anita Publications. All rights reserved.
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1 Introduction

Wilhelm Karl von Haidinger observed a system of fringes in a thin mica sheet in 1849 [1]. These
fringes came to be known as Haidinger fringes and are also called fringes of equal inclination. These fringes
are formed, both in reflection and transmission, when a broad source of light illuminates a thin plate of
dielectric material. These are localized at infinity and can be seen with relaxed eyes or photographed at
the focal plane of a lens. Raman and Rajagopalan observed the Haidinger fringes in bent mica sheets [2].
They also described the methods to view these fringes in transmission as well as in reflection. Further, they
also pointed out that these fringes can also be observed when the plane parallel plate is illuminated with a
diverging wave from a pinhole illuminated by a mercury lamp. Pfund studied the formation of Haidinger
fringes in transmission from partially silvered faces of a thin mica sheet (0.07mm thick) and observed a system
of two intersecting fringe patterns; one of them could be eliminated using polarized light [3]. Obviously,
the fringes were sharp due to multi-reflections inside the mica sheet. With a thicker mica sheet (0.13mm
thick), moiré between these two patterns was also observed. He also demonstrated that the fringes in the
two patterns were elliptical with their major axes perpendicular to each other. Billings provided theoretical
treatment to the observations of Pfund [4].

Fabry and Perot in 1897 demonstrated that very narrow Haidinger fringes are formed in transmission
from a partially silvered plane parallel plate [5]. This eventually came to be known as Fabry-Perot
interferometer or Fabry-Perot etalon and has many applications in optics and spectroscopy. The Haidinger
fringes were forgotten. After the advent of laser, a couple of papers were published to measure the wedge
angle of optical flat or to measure the parallelism of two surfaces [6-9]. These made use of the fringes of equal
inclination obtained by illuminating the object with diverging spherical wave. None of the papers mentioned
these as Haidinger fringes though Raman and Rajagopalan mentioned in their paper that Haidinger fringes
can be seen when the mica sheet is illuminated with a spherical wave. However, in the first edition of the
book Optical Shop Testing, several configurations of the setup to measure wedge angle are described and
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the fringes thus obtained are called the Haidinger fringes [ 10]. We used the Haidinger fringes to measure the
parallelism of Brewster windows in 70’s and 80’s.

Zhiwen et al described a method to measure angular error and pyramidal error of a scanning prism
using Haidinger fringes [11] . Testing accuracy of 0.5 was claimed. Parks et al. used Haidinger fringes
to measure thickness and total thickness variation of silicon wafer [12]. They used 2mW DFB diode laser
operating at 1.55um and IR vidicon as a detector. The silicon wafer is illuminated with convergent beam and
Haidinger fringes in transmission are analyzed. Murty presented a paper in the Optical Society of America
meeting in which he described the use of Haidinger fringes to measure the thickness of dichromated gelatin
films before and after exposure [ 13].

An interesting paper reports the use of Haidinger fringes to change the spatial structure of an
incoherent source for controlling the temporal coherence | 14]. Since spatial coherence is controlled, it offers
better possibility in optical tomography and profilometry. Using a cyclic interferometer Chatterjee and Kumar
obtained Haidinger fringes in white light [ 15].

Rue et al obtained the refractive indices of lithium niobate crystal [16]. They used 1mm thick x-cut
plate and recorded the Haidinger interferograms in transmitted light using a polarizer suitably oriented. Park
etal [17] and Lee et al [ 18] used Haidinger fringes to measure thickness profile and wavelength of the light.
It is very difflicult to obtain white light Haidinger fringes in a Michelson interferometer. Azhari and Tagmouti
obtained white light Haidinger fringes using a Michelson interferometer by inserting a plane parallel plate in
one arm of the interferometer [19]..

2 Theory

Illumination with a broad source

Haidinger fringes are formed when a thin dielectric plate is illuminated with a broad
quasimonochromatic source at near normal incidence. These are localized at infinite and can be seen either
with a relaxed eye or at the focal plane of a lens. Hecht has suggested that they can be seen in window glasses
when properly illuminated with neon lamp [20]. A schematic of observing the Haidinger fringes in reflection
is shown in Fig [1]. A quasi-monochromatic broad source illuminates the film via a beam splitter. The rays
reflected from the front and back surface of the film interfere and the interference pattern is observed at the
focal plane of a lens. These are the Haidinger fringes being observed at near normal incidence on the film.

The path difference A between these two rays shown in Fig 1, can be expressed as,
A

A=2,utcos<9r+§ €))
where u is the refractive index and ¢ is the thickness of the film, 8, is the angle of refraction in the film and ),
is the wavelength of light. Constructive interference will take place when,

A

2,utcosH,+§=m/1 2)

where m is the fringe order.

When we consider another point on the source, the path difference is governed by the same equation
in which @, and ¢ would be different. Since, it is an incoherent source, the irradiance at point P will be the sum
of irradiances due to interference from different point sources on the broad source. The total irradiance will
be maximum when the path difference A is the same for rays coming from different points on the source to
the point P at the focal plane. The change in path difference dA can be expressed as

dA=2utcosf,.dt—2utsiné,.d@,.=2utcosb,.dt— 2t tan 6, sin 0,;d 6, 3)

where 6; is the angle of incidence.
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For a plane-parallel plate, df = 0. Thus, the irradiance at point P will be maximum when d6,= 0. This
amounts to saying that the interference pattern is localized at infinity.

P

Focal plane

Broad Source

Film

Fig 1. A schematic to observe Haidinger fringes.

From Eq (2),

1,2 )
cos9r=_m7;-_,_,singr= 17(m_'1) s> sind, = quZ(m /1) @
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where m' is the fringe order for the dark fringes. This is the formula given in several papers [16,17]. It can,
however, be recast in a simpler form but quite instructive when we consider near normal incidence as:

2 2 A

sin 6, = (m_M) - (M) = Am3 + m? (5)
2t 2t t

where m, is the fringe order for destructive interference for normal incidence. It should be noted that the

fringe order is maximum for 6;= 0, and decreases for the increasing angles of incidence.

The angular width d6; of the dark fringes can be obtained from Eq (4) as:

_ [ cos O,
d6: =" sin20; ©
The fringes are very broad at normal incidence and also at the grazing incidence (6, approaching
90°). The minimum width occurs when the term (cos,/ sin26;) takes the minimum value. It occurs when the

angle of incidence is such that
2

u
tan*0,= —5— 7
,sz 1 ™)

For a glass plate of refractive index 1.512, this occurs at an angle of incidence 49.11° and for mica
(1 =1.56) at 6; = 48.78°. Angular width at this angle for a mica sheet of 0.1mm thickness at the wavelength
of 633nm will be 873x107 rad.
When the Haidinger fringes are observed in transmission, the governing equation is,

2utcos.=mj) ()
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Since the directly transmitted beam is much stronger than the beam reflected in the film and then
transmitted, the fringe contrast is poor. However, the fringe contrast is very good when the film is coated
[3,4].

An interesting case is when an air film is bounded by media of higher refractive indices. In that case,
the condition for destructive interference is,

2tcosl.=mj )
Here, the refractive index of the air is taken as one. The angular width d6; is given by,
A cosB,
d0; = 1122 sin26, (10)

The fringes are broad at the normal incidence and their contrast keeps on decreasing with increase
in the angle of incidence. This continues until the critical angle is reached.

Illumination by a wave from a point source

When a spherical wave illuminates a plane parallel plate at oblique incidence, the reflected waves
from the top and bottom surfaces of the film are sheared and the interference takes place in the overlap region
as shown in Fig 2. For the case when the film is thin and the radius of curvature of the illuminating spherical
wave is large, straight line fringes are observed in the overlap region.

Vi

Fig 2. Oblique illumination by a spherical wave.

The shear will be zero when the angle of incidence is zero. Therefore, this configuration is chosen,
and a laser light is used for illumination. A schematic of an experimental set up is shown in Fig 3.
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Fig 3. A schematic to observe Haidinger fringes in reflection when a plane parallel plate is
illuminated by a spherical wave.

The laser beam is focused on a pin hole in the screen. The spherical wave is reflected from the
front and back surfaces of the plane parallel plate, which is placed at a distance p from the screen. These
two reflected spherical waves appear to originate from two virtual sources located at distances p and p+2t/u
behind the plane parallel plate. These distances are from the front surface of the plane parallel plate. The
interference pattern between the two spherical waves of slightly different radii of curvature results in circular
fringes centered on the pinhole.
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Figure (4a &b) shows the ray paths when the observation is made in reflection and transmission
respectively. In either case, the virtual sources are separated by 2#/u.

The path difference between the rays from the virtual sources at any point P (x, y, 0) on the screen
is given by,

A= J@p+20p)? + 2+ )7 = [op) + 27 +)?

1 2 + 2 1 2 + 2
:(2p+—) {1 +—x—yz}f2p +-% )2} }
2 2 (2p + 2tlu) 2 (2p)
2
+
A2l 2y (11)
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Fig 4. Formation of virtual sources (a) in reflection and (b) in transmission.
If m™ fringe is formed passing through point P, then,
2t ¢ x*+)? ,

wu oo =mA=myl—m'A (12)

where m is the order at the center and m' is the order of fringes measured from center, none of these are
integer orders while my— m'is an integer order. If the diameter of the m™ fringe order is D,,,, then [21]
2
2 ¢ Pw _
L H1ep?
The fringes are circular and non-localized. This analysis is done under paraxial approximation.

m (13)

Similar formulae apply when the observation is made in transmission.

There are several papers that have used these fringes to check the parallelism of surfaces [6.,9], for
aligning Fabry-Perot etalons [ 7], for measuring angle of a wedge plate [8]. Figure (5) shows a photograph
of Haidinger fringes obtained from a 1 mm thick plane parallel plate of borosilicate glass.

However, if the plate has a small angle, that is, it is a wedge plate, then the fringe pattern is not
centered on the pin hole but gets shifted. Figure (6) shows the formation of virtual sources when the wedge
plate is illuminated with a spherical wave. Note that the virtual sources are no longer on the optical axis but
one of them is displaced by 2uap from the optical axis. The fringe pattern center will lie on the line joining
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these virtual sources and hence is displaced towards the thicker end of the wedge plate. We have used the
Haidinger fringes to check the parallelism of Brewster windows in early 70s when we were building our own

lasers. Figure [7] shows a photograph of Haidinger fringe pattern when a wedge plate is illuminated by a
spherical wave.

Fig 5. Haidinger fringes from plane parallel plate in reflection.
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Fig 6. Formation of virtual sources by a wedge plate when illuminated by a spherical wave.
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Fig 7. Haidinger fringes from a wedge plate in reflection.
If the distance between the pin hole and the center of Haidinger fringe pattern is d, then the angle
o. of the wedge is calculated from an approximate formula [21]
D,
=— 14
2w (14)
where ¢ is the nominal thickness of the wedge. In the experiment carried out by us to measure the angle of a
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wedge plate made of borosilicate glass (u=1.512), the nominal thickness of the wedge plate was 1.0mm, the
distance p was 1000mm and d was 50mm. Inserting these values, we obtain the angle of the wedge plate o =
10.94urad (= 2.26 arcsec).

3 Conclusion

Haidinger observed the fringes in mica in 1849. It is, however, not clear which light source he used
for observation. Later studies have used mercury arc lamp or mercury lamp. The fringes are localized at
infinity. It was also mentioned in an early paper that the fringes can also be observed when illuminated by a
divergent beam from a point source of mercury light. Until the advent of laser, Haidinger fringes formation
was just an optical phenomenon and no application was reported. However, with laser as source, it found
several applications.
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