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Holographic method of determination of refractive
Index of solutions

An attempt has been made to determine the refractive index of solutions by holographic method. Equa) inciination and equa!
thickness fringes have been formed hoiographicaiiy. An expression was derived to compare the refractive index of distiiied water
with that of a solution connecting the radii of curvature of circular fringes. Results obtained by this method favourably compare with
those determined by classical methods. The special advantage of this method is its applicability to the dynamically varying situations
which cannot be realised in the classical methods.

1. Introduction cell containing distilled water, and Ej, the reference
beam, then the intensity 7, of the first exposure is
In principle, fringes of equal inclination can be )

formed if two parallel wavefronts, one lagging behind /= 1E,+BJi = EME2+E*E+EE*. ()
the other, are made to interfere, whereas fringes of
equal thickness can be obtained when the interfering
wavefronts are inclined to one another. Holographic
interferometric method has been employed here to

If Ep is the complex amplitude of the retarded
wave recorded in the second exposure, the intensity 7
with the same reference wave is

form such fringes. In the case of formation of fringes [2 = EMEMNE*Ep+EPEX. 2
of equal inclination, a rectangular cell with a liquid ) )
of different concentrations, was used in the path of Thus the total intensity of the double exposed

the object beam to produce phase lag between the hologram is
interfering parallel wavefronts. Employing this method
an attempt has been made to compare refractive index
of liquid at different concentrations.

By keeping two plane parallel plates, one fixed
and the other movable to various inclinations in the
path ofthe object wave, different sets of equal thickness
fringes were formed. Alternatively these equal thickness
fringes can also be produced by keeping a small wedge E.E*(E.+Ep).
cell containing a liquid of different concentrations in

+E*(E,+Ep). ?3)

In expression (3) the last term which denotes the
resultant held at a given point is of interest. On recon-
struction we have this term in the form

the path of the object beam On assuming to be unity, it is only the sum
The speciality of holographic interferometry is (_)ff the complex amplitudes which appears (E.+Ep)
that the superposing wavefronts need not exist simul- IT one sets
taneously, as it is the basic requirement in classical E. = aexp(KP)
interferometry. Sequential recording of wavefronts and
holographically generates interference fringes. This Ep = aexp(:(0-t-<?))
property of holographic interferometry made it possi- \ynere
ble the comparison of two wavefronts, one differing
from the other. rfc0sO.
2. Equal inclination fringes Here, ” is the path difference between the wave-

fronts, and O the angle the line of observation makes

The circular fringes can be analysed on the basis with the common axial line of the wavefronts. Then

of double exposed hologram. Let E,, be the complex N€ intensity is given by

amplitude of the object wave that passes through the i —2a’(1+cos<7)
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From (4) it can be seen that the intensity /is a period-
ic function, the argument of which being aiso a pe-
riodic function of the inciination angie 0. Consequ-
ently, the fringes obtained are circuiar. Hence it may be
interpreted that the circuiar fringes obtained are of
a constant inciination type.

3. Fringes of equai thickness

In this case let 0 be the angie of tiit or inciination
between the wavefronts, and iet / be the distance of
point of observation from the thin end of the wedge.
Then the path difference at that point is /0. If n is
the fringe order, then we have a relation /0 = fiA
and the phase diHerence at that point is

In this case the intensity distribution in the inter-
ference fringes can be aiso expressed as
/=4<XcosM, (5)

where a is a linear function of 0. Here evidentiy the

fringes formed shouid be straight, therefore, they can
be considered as fringes of equal thickness.

4. Estimate of refractive index of solution
at different concentrations

In the case of distiiied water we consider the fol-
iowing equation [i]:

l4fcos(9, =?qA, (6)

where /4 is the refractive index of distiiied water, ?
is the length of the iiquid path, n, is the number of the
fringe, Ais the wavelength of tight used.

In case of a soiution of particular concentration
the corresponding equation is

/¢'?cos(9, = /2 A, @
where /4 is the refractive index of the soiution.
We may write
r, cot(9, = /-jcot(9", (8)

where r, and r] are the radii of /?,-th ring in each
case, respectively.
In each case we choose another ring of order
and the equations (6), (7) and (8) with subscript 2.
From equation (6) we have
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sinO, =
k/4?
. nA
cot(9i =
/9A
cot(9, = a

Then equation (8) takes the form
r'"iA
/64'3;3-n?A3

PiHA
t";2-n?A2
Squaring on both sides we get
~.12(/4'3;3-n?A2) = A),

,2/\ n?AI(r?-r;i)

©)
Simiiariy, from the second set of readings
3= 10
(rnorn) (10
(9) and (10) give ? whence {4 and /4 are known.
= ('143
(H)

This expression aiiows to compare the refractive
indices of soiutions with different concentrations.

5. Expérimentai set-up

In the usual of-axis holographic arrangement a lig-
uid cell idled with distilled water was placed in the
path of the object beam as shown in fig. la. After
giving the first exposure, distilled water in the cell
was replaced by a salt solution of a known concentra-
tion. The wavefront that passes through the solution
is naturally retarded in view of the increase in refract-
ive index. In the second exposure the retarded wave-
front was recorded, thus making a double exposed
hologram. On reconstruction, circular fringes were
observed. Further holograms were made similarly
each time using solutions of different concentration.
Variation in number of fringes with different concen-
trations are shown in fig. 2. The photographs of the
circular fringes for two different concentrations can
be seen in figs. 3 and 4.
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Fig. 1. Schematic diagram of the expérimentat set-up for
making a) equat inctination fringes, and b) equat thickness
fringes

Fig. 2. Variation in number of fringes, with
different concentrations of sodium chtoride in
distilled water

Fig. 3. Equat inctination fringes for 30% content
of sodium chtoride in distitted water

In the second set-up, as shown in hg. Ib, two
plane parallel glass plates were kept in the object
beam in such a way that the plates were perpendicular
to the wavefront normal, and the first exposure was
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Fig. 4. Equat inctination fringes for 40%
content of sodium chtoride in destitted water

recorded. Then one glass plate was rotated through
a measured angle, in order the wavefront passing
through it be tilted with respect to the first recorded
one. The recording of the tilted wavefront was also
made on the same photographic plate. The reconstruc-
tion of the hologram revealed a set of straight fringes.
Holograms with various tilts were recorded and on
reconstruction it was observed that in each case the
number of fringes was proportional to the angle of

Fig. 5. Variation in number of fringes, with dif-
ferent angies between the glass plates

tilt. VVariation in number of fringes with different angles
are shown in hg. 5. The photographs of these fringes
for two sets of tilts are displayed in figs. 6 i 7.

6. Results

The following are the values obtained for differ-
ent variables of the equations (6), (7) and (8).

1 For 20 grams of sodium chloride in 100 c.c.
of distilled water

n, = 2, H=5
1.3cms, 2= 3.0 cms.
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By inserting the above values to equation (11)
we get

M
— = 1.085.

Thus the result appears to be consistent within the
order of a magnitude with that expected, as the value
obtained for the same solutions with Jamin's interfe-
rometer is 1.078.

This method is applicable not only to the solutions
of different concentrations but also to gases of diffe-
rent pressures and temperatures. The advantage of
this method lies in its applicability to the dynamically
varying situations using pulsed laser.

Fig. 6. Equal thickness fringes for 0.5°
tiit between the giass ptates

Conorpacguueckme MeTofbl onpeaeneHus
KO3(h(pULMEHTA MPENIOM/IEHUsI pacTBopa

MonbiTanuch  onpefennTb  KOIM(ULMEHT MPENOMIEHNS
pacTBOpPOB Fonorpagryeckum MeTogom. [1ofiocbl 0AMHAKOro
HaK/oHa 1 OAMHAKOBOMN TO/MWMHbLI GblNM MOMYYeHbl ronorpa-
(hueckn. BbiBeieHO BbIpaXeHue [ COMOCTaBMeHNs Koaghdu-
LIMeHTa NPenoMIeHNs AMCTUNNIMPOBAHHOW BOAbI ¢ KO3(h(ULMeH-
TOM NpenoM/eHWsi pacTBopa, KOTOpOe CBSA3bIBAaeT COOTBET-
CTBYIOLLME PaAUYCbl KPYroBbIX MOMOC. Pe3ynbTaTbl, MOMY-
YeHHblE 3TVM METOAOM, CHMTAKT MOSOXUTENbHBIMK MO CPaB-
HEHMWIO C K/1AaCcCUMYeCKMMU MeTogamu. OcobeHHasi nosb3a aToro
MeToAa 3aK/H04aeTcsl B BO3MOXHOCTM €ro MpUMeHeHWst B CU-
Tyaumsx AMHaAMUYeCKU MepeMeHHbIX, KOTOpble He MOryT GbiTb
uccnefoBaHbl KNacCUUYeCKUMU MeTofamu.

Fig. 7. Equal thickness fringes for 1.0° tilt
between the glass plates
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