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An improved procedure for visual microinterferometry
iIn moderately monochromatic light

Maksymilian Pluta

Central Optical Laboratory, ul. Kamionkowska 18, 03-805 Warszawa, Poland.

A new procedure is proposed for visual microinterferometry in moderately monochro-
matic light. It consists in determining optical path difference (8) from the relation
B = clpv/bpV,where A~ is the visual peak wavelength, bpvis the visual interfringe spacing
of an interference pattern, and cis the fringe displacement caused by the object under
study. All these quantities are simultaneously measured using a single interference
system (Biolar P11 double refracting interference microscope).

1. Introduction

It has been found [1] that typical interference (metallic-dielectric) filters of
IF- and SIF-type introduce errors into an interference measurement of optical-
path difference in long- and short-wave regions of the visible spectrum. These
errors result from the fact that interfringe spacings observed in a moderately
monochromatic light are different from those in highly monochromatic light
(e.g., laser light) of the wavelength X coinciding with the peak wavelength >
of the light maximally transmitted by the interference filter. This phenome-
non is illustrated in Fig. 1 (taken from [1]) which refers to the biréfringent
prism no. 2 of Biolar Pl double-refracting interference microscope.

Graph 1 in Figure 1 presents the relationship between highly monochromatic
light wavelength and interfringe spacing b of the interference field, measured
with the aid of a micrometric phase screw PS (Fig. 2) of the interference micro-
scope mentioned above. Graph 2, in turn, illustrates the same dependence, but
when a white-light source (e. g., halogen lamp) is used, and is filtered by means
of typical interference filters (IF). As can be seen, interfringe spacings b observed
in blue and greenish-blue light, are larger than those resulting from graph 1.
The reversal divergence occurs in red light. Both the graphs overlap only within
the middle region of the visible spectrum, corresponding to the maximal sensitiv-
ity of human eye. As a consequence, interfringe spacing bmm observed with
the filters (IF), and then measured, slightly differs from the real one bhmwhich
occurs in the highly monochromatic light. It should be pointed out that the
values of bhmare in a good agreement with the theoretical data [1].

Deviations of bmm(X) graph from bhm (A) graph are just the source of signif-
icant errors in the measurements of optical-path difference in short- and long-
wave regions of the visible spectrum [2]. In order to avoid these errors it is
necessary to employ miltidielectric interference filters (DIF), as was stated in
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Pig. 1. Relation between the light wavelength (A) and the interfringe spacing (b) for the
biréfringent prism no. 2 of Biolar Pl double refracting interference microscope. Straight
line bfim- for highly monochromatic light (equivalent to theoretical plot), curve bmm- for
moderately monochromatic light extracted from a white light source (halogen lamp) by using
typical interference filters

Pig. 2. Double refracting attachment to Biolar PI interference microscope. PS - phase screw
(micrometric screw) for measuring interfringe spacing b and fringe displacements ¢, H - handle
for changing biréfringent prisms (in position it is shown the prism no. 2 is included into the
path of light rays)

[1,2], which arc characterized by a more slender spectral profile of transmittance
than that for popular metallic-dielectric interference filters (IF and SIF). It
occurs, however, that this requirement may be moderated and replaced by a sim-
ple remedical measure, not noticed previously, although it is contained in the
theoretical and experimental data given in [1].
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2. Principle of procedure

The measurement of optical path difference is performed in the simplest way-
according to a widely-known rule described by the equation

where A- light wavelength, 6 - interfringe spacing, c- interference-fringe dis-
placement due to the presence of the investigated object, e.g., a thin dielectric
strip on a glass substrate (Fig. 3). Biolar P I interference microscope [3, 4] has
an important advantage, as it allows us to determine in a real-time not only
the parameters ¢ and b, but also the wavelength Aof light forming the inter- \

b

Pig. 3. Illustration of Equation (1)

ference image [1]. The latter measuring possibility results directly from the
relation 6(A), represented by graph 1 in Fig. 1. This relation is unique and
independent of any instrumental and surrounding conditions. Thus, in order to
determine optical path difference §the real values of Aand 6 need not be sub-
stituted into Eq. (1), but it suffices to substitute the real ratio A% which is not
charged with errors resulting from the deviation of graph 2 from graph 1 (Fig. 1).
For a given light wavelength, the ratio A%is a constant (the fundamental feature
of the interference system under consideration). This ratio can either be deter-
mined accurately once for good, or determined in a real time; thus avoiding the
discussed errors [1] of the measurements in moderately monochromatic light.

The suggested procedure is explained in Fig. 4 which illustratesIn an enlarg-
ed scale the upper (a) and lower (b) parts of the graphs from Fig. 1. Let us first
consider Fig. 4a. The red interference filter with peak wavelength of X being
included into the white-light ray path makes Biolar P | interference-microscope
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field of view have interfringe spacing equal to bp. Visually, however, we can
discern not the spacing bp, but a smaller one bpv which will be called a visual
interfringe spacing. The latter being measured in the visual observation of inter-
ference-fringe field. The measurement is carried out with a phase screw PS
(Fig. 2), coupled with a transversal move of biréfringent prisms of Biolar P1

Fig. 4. Top part (a) and bottom part (b) of tbe graphs given in Fig. 1, in an enlarged scale

microscope. Yet, this measured value of bpv (Fig. 4) should not be attributed
to the real peak wavelength (), but to the visual one (V). It occurs that the
ratio Xvlbpvis practically the same as % lbp, since, as has been shown in Fig. 1,
the graph of bhmis almost an ideal straight line [1]. Similar situation occurs
when the red interference filter is replaced by a blue one (Fig. 4b). This time,
however, the visual interfringe spacing (b"p) is greater than the real one (bp)
and to this end of the spectrum the wavelength Ipv slightly greater than Ip
resulting from the graph bhm(X) should be ascribed. The graph bhm{X) obviously
should be prepared using highly monochromatic light. This is a one-time work if
done accurately, its result is valid for good (for a given of Biolar P | microscope).

A validity of the suggested procedure is confirmed by the Table which is the
extended version of Table 5 taken from [1]. The extended part thereof consists
of the columns 5-9. As can be seen, the values of the ratios >vlbpv in short-
and long-wave regions of spectrum are the same as those of the real ratios X lbp
(compare columns 7 and 6). The same cannot be said about the ratios > lbpv
and >vlbp which differ from each other (compare the column 8 and 9) and deviate
significantly from the correct values expressed by > lbp and Xwvlbpv. In the middle
region of the visible spectrum all the four ratios are obviously the same. Their
divergence, i.e., the deviation of Xlbpvand Xvlbp ratios from X lop and Xv/bpvm
short- and long-wave regions of the visible spectrum will decrease by employing
more monochromatic filters of DIF-type instead of the interference filters of IF-
and SIF-type (see the last five rows of the Table).
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According to the results presented above, Eq. (1) can be rewritten as

This equation is practically equivalent to the equation

The latter requires, however, that the wavelength )p be known and that inter-
fringe spacing bp, not observed in the interference image in short- and long-wave
regions of spectrum be formally ascribed to it. Moreover, Biolar P1 microscope
cannot be used for measurement of the wavelength kp of moderately monochro-
matic interference filters, and another instrument, e.g., a spectrophotometer,
should be applied. This obviously refers only to moderately monochromatic
filters (light sources) from short- and long-wave regions of spectrum and to
visual measurement of their wavelength. If, however, a photometric measurement
was made by means of a photo-receiver of the identical sensitivity within the
whole spectral visible region, then the discussed problem would not exist at all.

3. Conclusions

Summing up, it should he stated that the procedure given above allows us to use
the moderately monochromatic interference filters (IF or SIF) with Biolar P1
double-refracting interference microscope. Then the measurement of optical-path
difference is practically not charged with errors resulting from the deviations
of the graph brm (A from the graph bhm (A). It goes without saying that the wave-
length Ipv read from the graph bhm (Fig. 1) must be expressed in the same units
as the visual interfringe spacing bpv measured directly with a phase screw FS
(Fig. 2), of Biolar PI microscope. It is convenient to express the parameter ¢
in the same units, also measured directly with the aid of the mentioned phase
screw. It is the only parameter being permanently measured, since it suffices to
determine the ratio Avlbpv in a given experiment only once as soon as a given
interference filter is employed. Peak wavelength of the interference filters
changes, however, with time, thus the ratio Awvlbpv must he from time to time
carefully checked. The plot bhm (4 does not change with time, that is why it
should be prepared in an exceptionally careful and exact way, best of all with
laser light (He-Ne-, Ar-, Cd-He lasers). In fact, the graph bhm (A) is nothing but
a scaling of the interference system. It should be emphasized that this graph
agrees with the theory [1] very well.

The suggested procedure is valid not only when the fringe interferometry,
but also the uniform one is applied. Taking advantage of [1], the presented
procedure, without a separate discussion, can he easily generalized onto the
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uniform interferometry in Biolar P interference-microscope system. This
procedure has a universal character and is applicable in a visual interferometry
realized by means of any interference system which has a persistently determin-
ed relationship between the light wavelength and the interfringe spacing.
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YcoBepLUeHCTBOBaHHAsA MUKPOMHTepdepoMeTpryeckas npoleaypa
B YMEPEHHO MOHOXPOMATM4YEeCKOM CBeTe

MpeanoXKeHbl HOBble AENCTBUS B BU3YasibHOM MUKPOUHTEP(EPOMETPMM B YMEPEHHO MOHOXpPOMaTUYec-
KOM cBeTe. OHU 3aK/1H04alOTCS B OMPeAesieHUN PasHOCTX OMNTMUYECKOro NyTu (<5) Mo creaytoulei opmyne
5= cl13>1/6pr rge - BU3yasibHasi BEPLUMHHAsA A4/IMHA CBETOBOWM BOSHbLI, HOK - OTBeuvatolee 3TOW BOSHE
ME>KCMEKTPa/IbHOE PACcCTOSIHUE MHTEP(IEPEHLIMOHHOIO MOJISi, C- OTK/IOHEHWE WHTEPMEPEHLIMOHHbIX CreK-
TPOB, BbI3BAHHOE UCC/eAyeMbIM MpeaMeToM. OTU BCe MapameTpbl M3MepPsitoTCA OAHOBPEMEHHO C MOMO-

LWbl0 OAHOM MHTepdepOMeTPUYECKOM CUCTEMbI  (MHTEPtEPEHLIMOHHO-MONMAPU3aLMOHHONO0 MUKPOCKOMa
Brolar P1).



