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Variable wavelength interferometry
I. Fringe-field method for transmitted light*

Maksymilian Pluta

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

A new interferometric technique has been developed for measuring the optical path
difference over the entire visible spectrum. The technique depends on using mono-
chromatic light with continuously variable wavelength. One of the basic advantages
of this technique is a simple procedure of identifying the interference order in case of
large optical path differences. This new method is especially recommended when
used together with the Biolar Pl double-refracting interference microscope which
enables the wavelength of monochromatic light to be measured id real time.

1. Introduction

The main task of interferometry of any kind is to determine correctly the inter-
ference order in the image of the object under study. This task may be simplified
significantly by using a new interferometric method. This method, using the
monochromatic light of continuously variable wavelength, will be called shortly
VAWI.

The idea of this method has been reported in 1983 in a conference communi-
cation [1], but only recently it has been verified experimentally in a broad
range of applications. The procedure is somewhat reverse to that applied in the
well-known FECO method. The latter is used mainly in systems of nraltiple-
beam interferometry, since only then the interference fringes of equal chromatic
orders are narrow sufficiently to attribute relatively accurate light wavelengths.
Moreover, a spectrometer or spectrograph is usually installed behind the FECO
interference setup, while in the VAWI method a monochromator is placed
in front of the interference system. In both the methods, however, the directly
measured parameter is the light wavelength.

In order to experimentally verify the VAWl method an interference micro-
scope developed by the author many years ago [2, 3] and produced by the
Polish Optical Works in Warsaw was used. Now this microscope is named

Biolar P1; it offers the important possibility of measuring currently the wave-
length of the monochromatic light.

* This work was carried out on the Research Project PR-3.20.
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2. Principle of the VAWI method

Let a transparent object be placed in the object plane of the light transmitting
interferometer, for example, a stripe of a thin dielectric layer deposited on a glass
plate. It is assumed that this object as well as its surrounding medium are
characterized by typical runs of the refractive index spectral dispersion (Fig. 1),

and that the interference fringes appear in the field of view of the interferometer
(Fig. 2). If the optical path difference between the light rays passing through
the object and the surrounding medium is greater than the light wavelength,

Sjlm, - g3)b3 Fig. 2. [Illustrating Eq. (1)
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then the situation may be described, in general, by the following equations:

= (N[—n"*t= m.A, (1a)
2= ("2—nt)t= (ml+gdl2 (Ib)
B= (»W~ndt=(mi-g3A3, (Ic)

where the indices 1, 2 and 3 denote three different wavelengths, dis the optical

path difference, t and n are the thickness and the refractive index of the examin-

ed object, respectively, n' is the refractive index of the surrounding medium

in which the object is immersed, g is an arbitrary integer or fraction number

(Fig. 2), and mlis an integer number, called interference order, which in this

case is the initial order for the light wavelength A;; and 2< A while 83> A.
From Equations (la) and (Ib) it follows that

M = g2 2
a V21/11 _Zz (@)
where
n2-n 2
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A
mi —3 ] )]
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where
N3_N3
* nf[—n1 )

The parameters A2land N 3lappearing in these formulae may be called factors
of similarity of the spectral dispersion of the refractive indices of the object
and the surrounding medium. If »(A) = const and n'(X) = const, N2 = N3
= 1 and the formulae (2) and (4) take a simpler form

yav

mi —02 ’ (6)

™ = 3 ™

The formulae (6) and (7) are valid also when »(A) ~ const, and »'(A) ” const,
but ri (A —n (A = const. In this case both the refractive index n of the examined
object and the respective index n' of the surrounding medium show spectral
dispersion, but all distances between the curves «(A) and n'(A) (Fig. 3) measured
in the vertical direction are the same.
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From the formulae (1) it follows additionally that
Na- 02401

and
Na - aa0l.
Q
n
n'U) - const
n (A) - const
1500 500 * 600" T

Fig. 3. Illustrating Eqs. (6) and (7)
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Therefore, the factors N 21, \3L may be determined not only from the graphs
of the spectral dispersion of refractive indices (comp. Fig. 1), but also from
the graph of the spectral dispersion of the optical path difference (Fig. 4). The

latter possibility is of extreme importance in the VAWI method. However, in
both the cases the light wavelengths AL 2. or A for which there appears the

situation described by Eqgs. (1) must be known exactly.
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As already mentioned, the parameter q is the integer number or factor
expressing simply the increment or decrement of the interference order with
respect to m1when passing from the wavelength  to /2 or A3, respectively.
As shown in Fig. 2, g2 = c¢2/b2or g3 = c3b3, where b2and #8are the interfringe
spacings for the light wavelengths 22and A3, while c2and c3are the displacements
of the interference fringes in the image of the examined object, measured from
the undeviated fringes with the integer interference order difference equal to
mx. The lesser is the parameter q the smaller the wavelength differences —X2
and k3—/j. If these differences are small, the coefficients N2l and N3l in the
Egs. (2) and (4) are practically equal to unity. In this case the formulae (2) and
(4) may be replaced by (6) and (7), provided that q 4,1, thus the interference
order m1may be determined even when the coefficients N 20.and N 3lare unknown.
This is obvious, especially when the initial interference order m1may be chosen
in the long-wavelength (red or orange) part of the visible spectrum. Within
this spectral range the refractive index dispersion curves of the object and its
.surrounding medium show a lower and lower slope as  increases, by the same
means the factors N approach closer and closer the unity, when the wavelengths
a2and k3differ only slightly from k1.

It may be noted, moreover, that if the graphs of the spectral dispersion of
the refractive indices n and n' have a run, as shown in Fig. 1. i.e., they tend to
diverge in the short-wavelength part of the visible spectrum, then the value w,
calculated from Eqgs. (6) and (7) will be theoretically slightly greater than it

Fig. 5. Kefractive index dispersion
curves converning in the short-wave-
length part of the visible spectrum

follows from Eqgs. (2) and (4). If in this case from formulae (6) or (7) it follows,
for instance, that ml — 8.6, then the real order mi may be at most equal to 8.
Conversely, if the graphs n(k) and n'(k) will tend to converge in the short-wave-
length part of the spectral range (Fig 5), the value of m1calculated from Egs.
(6) and (7) will be theoretically slightly lower than it follows from Egs. (2) and
(4). If in this case Eq. (6) or (7) gives, for instance, the value m1 = 8.4, then the
real order m1cannot be smaller than 9.



380 M. Pluta

3. Selection of the most convenient procedure for measuring
the optical path difference

As already mentioned, the initial interference order m1lis most conveniently
chosen in the long-wavelength part of the visible spectrum (red or orange).
When knowing the order m1lthe optical path difference 8 may be measured for
arbitrary wavelength Awithin the whole visible spectrum range. Depending
on the actual object under study more or less convenient measurement situations
may occur. If the object introduces significant optical path differences (several
times greater than A), it is convenient to accept the measurement situations
following from Eqgs. (la) and (Ib), developing the latter into several further
equations with the parameter g, equal successively to 0.5, 1, 1.5, 2, 2.5
Then the following family of equations may be written:

g —migl; (10a)
€ = (% + 00 A, (10b)
03 = (mj+ 1)A3, (10c)
= (Wi+ L5)A4, (10d)
& = (ml+ 2)As, (10e)

for A> R> B> A> /..., respectively. By changing in a continuous way
the light wavelength, the interference fringes deviated by the object under
study form with the undeviated ones a collinear structure (Fig. 6a) or pass each
other by one half of the interfringe spacing (Fig. 6b). Such positioning of the-

Pig. 6. lllustrating Eqgs. (10)

deviated interference fringes with respect to those undeviated may be easily
evaluated by the eye without need of measuring the g parameters, since the
known vernier principle is applicable. This principle functions especially well,
if the object under study is flat and causes no bending of the interference fringes.
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If, however, the object is non-flat (e.g., a cylindric fibre), it deforms the fringes
in a more or less parabolic way and the vernier principle is perturbed. In this
case we can use an ocular supplied with a focal plate with a line indicator accord-
ing to which the collinear or half-period shifted positions of deviated and unde-
viated interference fringes are adjusted. It is worth noticing that if a large number
of Egs. (10) is satisfied and the coefficients N are known, or with a good appro-
ximation can be accepted to be equal to unity, then the interference order m,
may be determined from the combination of different pairs of those equations,
for instance; from: (10a) and (10b), (10a) and (10c), (10a) and (lOd), (10b) and
(10c), (10b) and (10d),....... In the opposite case this operation should be limited
to two or four first equations referring to the long-wavelength part of the
visual spectrum. Thus, in order to determine the initial interference order m1,
it is not always necessary to apply small parameters g and by the same means
small differences in the light 'wavelengths. The acceptance of the parameter
g 1 requires that the same parameter be measured with a high accuracy, in
any case better than 0.01 A

If the object under study introduces a small difference 6 of optical path,
it may happen that only one measurement possibility with the integer order
of interference (mx) occurs within the whole visible spectrum or even only one
half-order (TQ + 0.5) will appear. In such a case there exists no other choice
and mlshould be determined by measuring small values of parameter g. If Eq.
(la) with integer order (m,) or half-order of either type (m1-\-0.5 or mx—0.5)
is fulfilled in the middle or within the short-wavelength part of the visible
spectrum, the measurement procedure described by Eq. (Ib) should rather be
rejected using instead Eq. (le) jointly with Eq. (la).

4. Additional confirmation of the initial interference order

The first step in the VAWI method is to determine the initial interference order
m1. Next, the optical path difference §is measured for various light Avavelengths
in the whole visible spectrum. The interference fringes deviated by the object
examined and those undeviated are displaced as the light wavelength Ais changed
and the measurement procedure described by Eqs. (10) or by the more general
Egs. (1) are easily observable. The graph of the optical path difference $is
plotted as a function of wavelength A When knowing the thickness t of the
examined object, the dispersion of the refractive index «(A) may be determined
from the graph 6(A) or vice versa, when knowing n{X) the thickness t may be
found if the dispersion n'(X) of the immersion surrounding medium is known
in both the cases.

In order to make sure that the initial interference order mlhas been correctly
established the factor

n
- P (11)
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should be analysed (here F and C denote the spectral lines of wavelengths A°
= 486 nm and A = 656 nm). If the interference order mlis wrongly accepted
and differs from the real one by +1 or —1, then the factor N'FC will differ
incredibly from that characterizing the known dielectric substances of normal
dispersion of the refractive index. The factor N FCis obviously read out from the
graph of €A made before.

Thin films, fibres, stiipes of foil, plate-like microcrystals and other solid
preparations may be measured at best (if possible) in the air medium. In such
conditions the VAWI method is especially suitable for interferometry. Thus,
if the air plays the part of an immersion surrounding medium, then in Egs.
(1)—10) n’ should be assumed to be equal to unity. In such a situation the formu-
la (11) takes the form

AFC (12)

In Table 1 the values of the factor NFC are given for several characteristic
substances of refractive index nD contained within the 1.5-2.4 interval. It

Table 1. Dispersion factors APcofsome characteristics substances transpa-
rent in visible spectrum

b Refractive indices nF—1
Substance «D *F ne ATE = e
W ater 1.3330 1.3377 1.3312 1.0196
Optical glass FK3 1.4645 1.4694  1.4623 1.0153
Zeiss refractometric plate 15133 1.5170 1.5090 1.0157
Immersion oil 15169 1.5256  1.5135 1.0236
Optical glass F2 1.6241 1.6321 1.6150 1.0278
Carbon disulphide 1.6277 1.6523 1.6181 1.0553
Optical glass SF10 1.7283 1.7465 1.7208 1.0357
Optical glass SF6 1.8052 1.8277 1.7961 1.0397
Optical glass SFS1 1.9229 1.9545 1.9104 1.0484
Cargille liight dispersion

liquids: 1.500 1.5134  1.4943 1.0386

1.550 15664  1.5437 1.0418

1.600 1.6196 1.5924 1.0459

1.650 16718 1.6416 1.0471

1.700 1.7263  1.6898 1.0529

1.750 1.7775  1.7393 1.0517

. 1.800 1.8361  1.7850 1.0651

Poly(p-phenylene terephtha-

lamide) fibre 2.360 2.455 2.335 1.0899

should be noted that the criterion (12) is much stronger than (11). This is an
additional argument justifying what was said above that YAWI method is
especially suitable to the interference measurements carried out in the air
medium. Obviously, this constitutes its essential merit.
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5. Measuring examples by using the double refracting
interference microscope (Biolar PI)

The YAWI method - as already mentioned in the Introduction - is especially
suitable to be used jointly with the double-refracting interference microscope
Biolar P1 (Fig. 7). This microscope offers an important advantage of making
possible a current measurement of the wavelength of the monochromatic light
entering its interference system.

Fig. 7. Biolar Pl double-refracting
interference microscope. IH - in-
terference head, PM - micromet-
ric phase screw, IF -interference
monochromator (wedge interfe-
rence filter)

There exists a rigorous and constant relation between the interfringe distance
b of the fringe interference field and the value of the wavelength A[4]. This
relation is of an almost linear character in the visible spectrum range (Fig. 8)
and the graph of b(A) may be considered as a basic gauging of the Biolar P
interference microscope system. This procedure must be carried out very careful-
ly by using highly monochromatic light, for instance, the light from lasers of
several standard wavelengths, and is performed only once. The once plotted
graph of b(?) is valid for ever. By assuming a linear relation between b and A
which is true to a high degree [4], the formulae (2) and (4) may be written in

5 —Optica Applicata XV/4'85
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the form
_ h 13
- 8 A":21&1 b2 ( )
b3
= g o (14)
b3 A 3ibi

Similarly, the formulae (6) and (7) may be expressed as

ml= (15)

- (16)

A continuous linear interference filter (IF, Fig. 7) may be used effectively
together with the Biolar P microscope to vary continuously the light wavelength
in the VAWI method. This filter is placed immediately in front of the polarizer

Fig. 8. Dependence between
the interfringe spacing b
and light wavelength A
for the biréfringent prism
No. 2 of the Biolar PI
microscope

positioned in the neighbourhood of the condenser slit diaphragm of the Biolar
P 1 microscope. Since the latter makes it possible - as already mentioned - to
measure currently the peak wavelength of light transmitted through the sub-
sequent narrow segments of the filter limited by the condenser diaphragm slit,
the filter need not be calibrated and supplied with a suitable wavelength scale.
The procedure leading to the current determination of the local peak wavelength
of the filter may be found in the paper [4]. It consists simply in the measure-
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ment of the distance b between the interference fringes produced by the light
of the given wavelength. This measurement is carried out with the help of the
micrometer screw PM, called phase screw, which is associated with the transver-
sal displacement of the biréfringent prism No. 2 in the interference head of the
Biolar PI microscope. The displacement of the prism is accompanied with the
movement of the interference fringes in the field of viewTof the microscope;
the latter is provided with an ocular with a line indicator on which the centres
of the fringes are guided. In this case by measuring an interfringe distance
multiple, for instance, ten distances, between the fringes of plus and minus
fifth interference order rather than a single interfringe distance, a more accurate
determination of b is achieved. When knowing the interfringe distance b the
wavelength Ais read out from the graph of b(A) plotted earlier (Fig. 8).

First measurement example. The tests were performed on some gradient
refractometric plates made of the optical FK3 and F2 glasses of nhominal refrac-
tive indices na = 1.4645 and nd = 1.6200, respectively. The graphs of the
refractive index vs. the light wavelength are presented in Fig. 9. These plates

Fig. 9. Refractivo index dispersion curves for the FK3 and F2 refractometric platea, and tliat
for the Cargille immersion oil

belonging to additional equipment of Biolar Pl microscope) were immersed
in an immersion oil of refractive index nD = 1.5169 (at 20°C temperature). The
difference between the refractive index of the immersion oil and that of the
refractometric plates was so small that the process of connection of the deviated
and undeviated fringes was easily observed (Fig. 10). The interference orders
were thus easily identifiable visually, while the main idea of the experiment was
to state whether the initial interference order observed in the red light is identi-
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cal with the order following from Eqgs. (10). The results are presented in Tables 2
and 3. As can easily be seen, the consistence between the observed order mland
that following from Eqgs. (10) is very high. For the FK3 plate the order mx = 3
was observed in the red part of the spectrum, while the average value following
from Eqgs. (10) was m1 = 3.02, i.e,, also m1 = 3. Similar agreement was observed
in the second case (F2 refractometric plate): m1 = 5 in the yellow light, and
computed from Eqgs. (10) mx = 5.07, i.e., also m1 = 5.

immersion oil ' FK3 or F2

Fig. 10. Interference image (b) of the measur-
ing region of the gradient refractometric
plate (a) observed through the Biolar PI
microscope

Table 2. Results of the experiment with the FK 3 gradient refractometric plate
(nd = 1.4645)

Measuring situation s 1 2 3 4 5
Factor g 0 0.5 1 15 2
10 b [p.m] 2192.0 19145 17285 1577.0 1460.0
A [nm] 633.0 559.5 509.5 470.0 439.0
n 1.4629 1.4656 1.4680 1.4705 1.4728
n' 1.5149 1.5192 1.5236 1.5281 1.5328
An = n'—n 0.0520 0.0536 0.556 0.0576 0.0600
K 81 1 1.0308 1.0692  1.1077  1.1539
*32 0.9702 1 1.0373 1.0746 1.1194
N's3 0.9353  0.9640 1 1.0360 1.0791
Ns4 0.9028 0.9306 0.9653 1 1.0417
Nss 0.8667 0.8933 0.9267 0.9600 1
ml {Nsl, A — 3.01 3.05 3.05 3.01
mx (As2, A 3.01 — 3.09 3.08 3.02
("3 > 3.05 3.09 - 3.06 2.96
“i (NSE>?) 3.05 3.08 3.06 — 2.84
mx (Ns5, A 3.01 3.02 2.96 2.84 —_
Mean value wqg {Nss, A 3.03 3.05 3.04 3.01 2.96
Resultant mean value ml = 3.02, hence it appears that : =8
wg (Asl) — 3.8 4.1 4.3 4.5
4.6 4.7 4.9

% ("82) 3.8 —
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Table 3. Results of the experiment with the F3 gradient refractometrio plate
(rad = 1.6200)

Measuring situation s 1 2 3 4 5
Factor q -0.5 0 0.5 1 15
106 [p.m] 2218.5 2010.0 1838.0 1706.0 1578.0
A [nm] 640.0 585.0 539.0 504.0 470.5
n 1.6160 1.6203 1.6249 1.6294 1.6349
n 15140 15169 1.5201 1.5232 1.5269
An = n—n' 0.1020 0.1034 0.1048 0.1062 0.1080
1 1.0137 1.0275 1.0412 1.0588
0.9865 1 1.0135 1.0271  1.0445
As3 0.9733 0.9866 1 1.0134  1.0305
Nsi 0.9605 0.9736 0.9868 1 1.0170
N s5 0.9444 0.9574 0.9704 0.9833 1
mi (ASLA) - 5.09 5.05 5.16 5.04
mi (Ag2,A) 5.09 — 5.00 5.20 5.20
mi Ne 37) 5.05 5.00 - 5.47 5.04
»1 (As4, A 5.16 5.20 5.47 - 4.60
mi Nes> X) 5.04 5.02 5.04 4.60 -
Mean value (Nss, A 5.09 5.08 5.14 5.11 4.93
Resultant mean value rhl = 5.07, hence it appears that =5
»'1 (4n) - 5.8 5.8 6.1 6.1
Tg (As2) 5.8 - 5.9 6.2 6.2

The same values are obtained if the dispersive factors F in the formulae
are taken to be equal to unity. Thus, for example, in the first case (FK3 plate)
m1lcalculated from Eqgs. (10a) and (10b) is equal to 3.8. Keeping in mind what
has been said formerly at the final part of Sec 2 we may assume that in this
case mlis at most equal to 3. Analogically, in the second case (F2 plate) the value
«h estimated from Egs. (10a) and (10b) is m1 = 5.8. This means that m1 may
be at most equal to 5.

In Figure 11 the graphs of the optical path difference dvs. the light wave-
length Xare shown for the system: FK3 refractometric plate + immersion oil,
under assumptions that m1 — 3 (graph 1), mx = 2 (graph 2), and m, = 1 (graph
3). From graph 1 it follows that the factor N'FC(3) = 1.1005, while from graphs 2
and 3 we have F'fc(2) = 1.2874 and F'fc(4) = 1.0098. The value of F fc(3)
is within the measurement error consistent with that following from Fig. 9.
On the other hand, the values of factor \MyC(2) and ~ Fc(4), as well as graphs 2
and 3 are nonrealistic; confirm therefore additionally that the initial interfer-
ence order mx =3.

Similar graphs for the system F2 refractometric plate + immersion oil are
presented in Fig. 12 under assumptions that m1 = 5 (graph 1), m1 = 4 (graph 2),
and m1 — 6 (graph 3). From the first graph it follows that F fc(5) = 1.059, from
the second - NFC(4) =1.149 and from the third - N'fc = 1.0014. The first
value is consistent with that following from Fig 9, while the others are unreal.
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Pig. 11. Experimental graphs of the spectral disporsion of the optical path difference $
for the system: FK3 refractometric plate + immersion oil, under assumption that the initial
interference order m1 = 3 (graph 1), m1 = 2 (graph 2), and m1 = 4 (graph 3)

Fig. 12. As in Fig. 11, but for the system: F2 refractometric plate + immersion oil, under
assumption that the initial interference order m1 = 5 (graph 1), = 4 (graph 2), and ml
= 6 (graph 3)
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Thus, also in this case, the above analysis confirms additionally that the initial
interference order is equal to five.

The nonrealistic character of graphs 3 in Figs. 11 and 12 follows from the
fact that, contrary to the experimental observations, they indicate an almost
constant optical path difference in the whole range of the visual spectrum and
thus a constant difference An{X) of the refractive indices of the immersion oil
and the refraetometric plate, whereas the fictitious character of the graphs 2
follows from the indication of an exaggeratedly high spectral dispersion of the
An(h) which was never observed.

Second measurement example. In the second experiment the measurements
concerned the depth t of a groove in the Zeiss refraestometric plate which was
fixed by the producer to be t —10.0230 gm (Fig. 13). The graph of dispersion

» 1 JI:I S Fig. 13. Interference image (b) of the
. . 1 . . .
Do .o measuring region of the Zeiss refracto-
h‘ b h‘ 133 JJJJ metric plate (a), observed through the
111 Biolar Pl microscope

Fig. 14. Spectral dispersion of the refractive index of the Zeiss refraetometric plate (factory
number 620575)

«(/) foi this plate (made after the producer’s data) is shown in Fig. 14. In the
transmitted light and in the air surrounding medium the deflection of the
interference fringes due to the said groove was so high that no connections of
the deflected fringes with those undeflected were seen (Fig. 13b). Therefore,
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first of all the interference order m1 had to be identified by using the VAWI
method. The measurement procedure was, in general, determined by the first
seven Egs. (10). The measured interfringe distence b, the light wavelength
read from the graph b(X) - Fig. 8, the dispersive factors N following from the
graph n(A -Fig. 14, and the initial interference order m1 calculated from all
possible combinations of two different formulae of the equation system (10)
arc given in Table 4. It has been stated that = 8 for the wavelength Xx
= 635.5 nm. Next, for the wavelengths AL A, A3, ... optical path differences 6
satisfying seven first equations of the system (11) were calculated and the
groove depth t was determined. Averaging the individual results yielded t
= 9.990 pm differing only by 0.033 pm from the value given by the producer
of the refractometric plate.

Table 4. Results of the experiment with the Zeiss refractometric plate whose groove depth
t = 10.0230 pm (after the manufacturer’s data)

Measuring situation s 1 2 3 4 5 6 7
Factor g 0 0.5 1 15 2 2.5 3
10b [pm] 2200.0 2066.0 1951.0 18415 174255 1663.5 1578.5
A [nm] 635.5 599.5 569.0 540.0 513.5 493.0 471.0
n 15096 1.5108 1.5121 1.5136 15152 1.5165 1.5182
n' 1 1 1 1 1 1 1
An = n—n' 0.5096 0.5108 0.5121 0.5136 0.5152 0.5165 0.5182
N si 1 1.0024 1.0049 1.0079 1.0110 1.0135 1.0168
n 0.9977 1 1.0026 1.0055 1.0086 1.0112  1.0144
NS3 0.9951  0.9975 1 1.0029 1.0061 1.0086 1.0119
As, 0.9922 0.9946 0.9971 1 1.0031 1.0057  1.0089
A5 0.9891 0.9915 0.9940 0.9969 1 1.0025 1.0058
Asb 0.9866 0.9890 0.9915 0.9944 0.9975 1 1.0033
as7 0.9834 0.9857 0.9882 0.9911 0.9942 0.9967 1
ml (NS1, A — 7.99 8.17 8.06 7.96 8.16 8.06
m1 (AS2,A) 7.99 — 8.38 8.10 7.95 9.21 8.08
mx Ne 3, A 8.17 8.38 — 7.80 7.71 8.14 7.99
»ii (A, A 8.06 8.10 7.80 — 7.61 8.35 8.07
«1 (As5,A) 7.96 7.95 7.71 7.61 — X 8.35
«h (As6,A) 8.16 8.21 8.14 8.35 X — 7.47
»h (As7, A 8.06 8.08 7.99 8.07 8.35 7.47 ,
Mean value mx (Ass, A 8.07 8.12 8.03 8.00 7.92 8.07 8.00
Resultant mean value m1 = 8.03, hence it appears that Tg = 8

Interference orders m. 8(= TQ) 85 9 9.5 10 10.5 11

0 = to A [pm] 5.0840 5.0958 5.1210 5.1300 5.1350 5.1765 5.1810
t = 6/An [pm] 9.9765 9.9760 10.0000 9.9883 9.9670 10.0223  9.9981

Mean value of the groove depth t = 9.990 [Xll

In order to make sure completely whether the initial interference order has
been determined correctly, the graphs 5(2) have been made assuming that m,
= 8 (graph 1 in Fig. 15), m1 = 7 (graph 2) and m1 = 9 (graph 3). As can easily
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be seen both graphs 2, 3 and the factors N FC(7), NFC(9) are highly improbable.
From graph 3 it follows that the refractive index of the refractometric plate
should increase with the light wavelength which, in this case, would be a non-
sense, while factor N FC(7) resulting from graph 2 is as high as that characteris-
tic of substances,of nominal refractive index nD =1.75 (comp. Tab. 1). There-
fore, the initial interference order may be neither 7 nor 9, but solely 8.

Fig. 15. Experimental graphs of the spectral dispersion of the optical path difference 6 due
to the groove of the Zeiss refractometric plate, under assumption that the initial interference
order m, = 8 (graph 1), m, = 7 (graph 2), and m1 = 9 (graph 3)

Third measurement example. The groove of the refractometric plate has been
filled with water distilled and covered with a microscope cover glass. The
purpose of the experiment was to determine the dispersion n'(X) of water. The
results are shown in Table 5 and in Fig. 16. Graph 1 is referred to the groove
depth t = 9.99 gm which has been determined in the second experiment, while
graph 2 - to the depth t — 10.023 pmreported by the producer. As can easily
be seen, the difference At = 0.033 frm causes the difference An' & 0.0005.
The measurements were made at the ambient temperature of 21°C. The graph
of water dispersion according to the literature data for 20°C, given for compara-
tive reasons, is plotted with a broken line. In view of the fact that when the
temperature increases by 1°C the water refractive index slightly decreases,
the assumption that t = 9.99 am gives the more reliable result of measurement,
since by assuming the depth of refractometric plate groove, as reported by the
producer slightly higher values of n' are obtained. The difference An' is really
négligeable and this experiment together with the previous one give a convincing
evidence about the advantages offered by the VAYVI method.
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6. Conclusions

The cited experimental results have confirmed the general correctness of the
new interferometric method and indicated its practical value, especially when
high optical path differences, significantly greater than the light wavelength,
are to be measured. Such situations occur in practice very often, especially

Fig. 16. Graphs of the spectral dispersion of the refractive index n of the distilled water,
at 21°C, under assumption that the groove depth t of the Zeiss refractrometrie plate is
equal to 9.99 xm (graph 1) and t = 10.023 p.m (graph 2). The broken curve 3 represents
the refractive index dispersion of the distilled water according to the literature data (at 20°C)

Table 5. Results of the measurement of the spectral dispersion of the refrac-
tive index (n") of the distilled water by using the Zeiss refractometric plate
(at 21°C)

Measuring situation s 1 2 3

Factor q 0 0.5 1

106 []im] 2051.8 1742.0 1505.4
A [nm] 596.0 513.5 451.5
Refractive index n of the plate 1.5109 1.5152 1.5203
mle (from Eq. (6)) — 3.11 3.11
Interference orders ms 3(= wog) 3.5 4

0 = ragA [jun] 1.7880 1.7973 1.8060
n—n' - 06/t = d/9.99 0.1790 0.1799 0.1808
n’ 1.3319 1.3353 1.3395
n-n' = 6/t = 6/10.023 0.1784 0.1793 0.1802
n 1.3325 1.3359 1.3401

when the examined object is surrounded by the air or, for some reasons, it
cannot be located in the immersion liquid in order to diminish the optical path
difference. The VAWI method is suitable also for measurement of thin objects
providing small optical path differences, but in the uniform interference version
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(the interference fringes are infinitely extended in the field of view). This problem
-will be the subject of another paper.

The main advantage offered by the VAWI method is that it allows us to
identify the interference orders when the interference fringes deflected by the
object under study show no perceivable connections with the undeviated
fringes.

Another advantage of the VAWI method is that it enables a relatively
quick measurement of the optical path differences within the whole visible
spectrum, which is especially important for measurements of the spectral
dispersion of the refractive index. When having the graph ¢(A) a more accurate
value of 0 or n may be obtained for a given light wavelength by smoothing the
graph, than by performing a single-wavelength measurement.

The measurement procedure in the VAWI method is simple and relatively
quick. The procedure described by Egs. (11) is reduced to the measurement of
the interfringe distance b and this measurement may be made extraordinarily
accurate, since in a sufficiently monochromatic light a multiple (for instance,
ten times greater) value of b can be measured.

The WAVI method may be especially useful for the measGrement of birefrin-
gence of textile fibres, especially of those characterized by a high degree of
extension. The fibre examined must not be immersed in an immersion liquid
as it is practiced in the traditional microinterferometric procedures. This is
a very important advantage offered by the VAWI method, since almost always
the immersion liquid changes more or less the optical and geometrical properties
of the textile fibre. Another paper will be devoted to the last topic.
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VIHTephepoMeTpUSt € MV1aBHO MepeMeHHoN 4/iHoM BosHbI. . [onocatblii MeTog Ans npo-
XOfSALLEro cBeTa

Pa3paboTaH HOBbI METOZ M3MEPEHMSI Pa3HOCTY OMTMYECKOrO MyTW BO BCEM AMana3oHe BUAMMOrO CrieKTpa.
B 3TOM MeTOAe WCMosb3yeTcss MOHOXPOMATUYECKMWY CBET C MIaBHO MepeMeHHol AnMHOM BoMHbI. Mpoc-
TolA cNoco6 MAEHTUMLMPOBaHWS PSAA MHTEPIEPEHLMOHHDIX MOOC 3TO OAHA M3 F/1aBHbIX MPUMET 3TOr0
MeToZa. Pa3paboTaHHbIA MeTos 0COGEHHO XOPOLLO B3aMMOAEMCTBYET C ABOSIKOMPESIOM/ISOLLUM UHTEpP-
(hepeHLMOHHBIM MUKPOCKOMNOM Biolar P1 MoToMy UTO 3TOT MUKPOCKON MO3BOJISIET U3MEPUTL A/IMHY MO-
HOXPOMATMYECKOrO CBETA B TEKYLLEe BPEMSI.



