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Abstract. In the present paper we suggest some possibilities for ob
jectivity improvement, automation and also for increasing the accuracy 
and range of measurement of a laser refractometric method, based on 
measuring the critical angle, described earlier by Sainov and Dushkina. 
This is achieved using an interferometric device for the angles measure
ments. As an experimental verification, the refractive index differences 
between low-concentration sucrose-water solutions and distilled water 
are measured for the wavelength of He-Ne laser (.A = 632.8 nm) with 
accuracy tln = 2.4x 10-5 . Further improvements of this method could 
result in range of measurement of the refractive indices from 1.25 to 
1.65 and accuracy tln = 10-5 . 

PACS number: 07.60.Hv; 42.62.Eh; 07.60.Ly; 06.30.Bp 

1. Introduction 

In recent years, due to the lack of commercial refractometers with laser light 
sources, many researchers suggest different methods for determination of re
fractive indices for the laser wavelengths [1-5]. A simple and in the same time 
reliable laser refractometric method, based on measuring the critical angle, was 
described by Sainov and Dushkina [6]. Later a detailed theoretical analysis of 
the errors was made [7]. 

In the present paper some possibilities for objectivity improvement, automa
tion and also for increasing the accuracy and range of measurement of this 
.method are suggested. 
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2. Basic Equations and Errors Analysis 

The value of the critical angle, when the above-mentioned method is used 
is determined by the disappearance of diffraction orders in the reflected laser 
beam. The investigated liquid is hold between the hypotenuse wall of the prism 
and the diffraction grating as shown in Fig. 1. 

laser 

G 

Fig. 1. Optical scheme 
Pr - prism; S - sample; DG - diffraction grating; G - goniometer 

The unknown refractive index n is given by the relationship 

n = N sin (a+ sin-1 siu;o~ ) (1) 

where a is the refraction angle, N is the refractive index of the prism and Boe 
is the critical angle in the air. · 

By partial differentiation of (1), the expressions that define the error of the 
refractive index b..n as a function of the error in determining the values of N, 
a and Boe could be derived: 
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The error associated with the terms N and a is small (less than io-5
), since 

these quantities, at fixed temperature, are constant for the given experimental 
setup and could be measured with high precision (the terms in front of b.N and 
b.a are always less than N). Thus, b.n depends mainly on the value of b.Boe 
and therefore on the accuracy of the goniometer. From consideration of low 
dimensions and low cost in the experiments held [6, 7], the relatively cheap 
and compact rotary stage KC-100 is used. This instrument however permits 
fine adjustment in a narrow range (±5°) by a micrometer screw with scale 
resolution 30 arcsec/ div, hereby limiting the range and accuracy of refractive 
index measurement (n = 1.40- 1.57 with b.n = 10- 4 for N = 1.723044 and 
a~ 60°). 

For that reason we suggest to determine Boe by means of interferometric 
angle-measuring device. In this case: 

a) one and the same laser is utilized both for registration and precise deter
mination of the critical angle; 

b) objectivity and automation is achieved; 
c) the accuracy and range of refractive index measurement could be in

creased. 

3. Interferometric Devices for Angle Measurements 

Below we present two devices, considered to be suitable for this purpose -
Michelson interferometer with two right-angle prisms and Jamin interferometer 
with a plane parallel glass plate. 

3.1. Michelson Interferometer 

One modification of Michelson interferometer for angle measurements (the so 
called "balanced setup") was suggested by Chapman [8] (Fig. 2). Because of the 
symmetry, the expression describing the change of the optical path difference 
after rotation at angle e is quite simple 

b.l = d sin B (5) 

if we take B = 0° as a starting position. The resulting shift in the interference 
pattern is measured by the detector D, which counts the number of fringes m 

passing it 

b.l 2d . 
m = 2- = -smB. 

>. >. 
(6) 

Hence we could determine the angle of rotation 

1 (m>.) B =sin-
2

d . (7) 
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D 

laser 

Fig. 2. Michelson interferometer - balanced setup 
BS - beam splitter; M - mirror; TP1 and TP2 - right-angle prisms; D - detector 

Using this method, a range of ±5° was obtained by Shi and Stijns [9] with 
a sensibility 10- 4 degree (0.36 arcsec) per fringe. Later [IO] the sensibility 
was increased to 10- 5 by an electronic fringe divider and for a larger distance 
between the two prisms. The range in both cases was limited by the decrease 
of the light fluxes at the detectors. 

3.2. Jamin Interferometer 

A Jamin interferometer applied to the continuous measurement of angles has 
been proposed by Malacara and Harris [ 11] and further theoretically investigated 
by Tentori and Celaya [12). It works by counting fringes formed by the rotation 
of a plane parallel glass plate illuminated with a collimated laser beam (Fig. 3). 
The change of the optical path difference after rotation of the plate from angle 
81 to 82 is given by [11) 

(8) 

where N 0 is the refractive index, d is the thickness of the glass plate, 8~ and 
8; are the angles of refraction corresponding to the angles of incidence 81 and 
82 . On the other side, the condition for destructive interference is 

(9) 

where >. is the wavelength of light, m is an integer. Using the Snell's law, for 
the number of fringes passed the detector we obtain 

(10) 

Laser Refractometer wit 

Hence, knowing N0 , d, . 
determine the angle of rotati 

8 = 82 - 81 = arcsinf 

We could also calculate m 
sensitivity S (in fringes per 

Substituting m from Eq. (H 
function 

s 
d 

graphically presented for a i 

250 

e 
~ 200 
OJ) 

" "C 
';;; 150 
" OJ) 
.:: 

@, 100 
"1j 

t0 50 

Fig. 4. 5 



, S. Sainov 

laser 

- balanced setup 
right-angle prisms; D - detector 

ained by Shi and Stijns [9] with 
inge. Later [ 1 O] the sensibility 
divider and for a larger distance 
ses was limited by the decrease 

ous measurement of angles has 
further theoretically investigated 
g fringes formed by the rotation 
a collimated laser beam (Fig. 3). 
rotation of the plate from angle 

(8) 

kness of the glass plate, e~ and 
o the angles of incidence 81 and 
ctive interference is 

(9) 

teger. Using the Snell's law, for 
obtain 

(10) 

Laser Refractometer with an Interferometric Angle-Measurement Device 133 

D 

PL 

Fig. 3. Jamin interferometer for 
angle measurements 
C - collimator; PL - plane
parallel glass plate; D - detec
tor 

Hence, knowing Na, d, >., m and the initial angular position Bi, we can 

determine the angle of rotation 

e = 82 - 81 = arcsin NJ - (2>.d) 
2 

[
2: VNJ - sin

2 
81 + b..m]

2 
-81. 

(11) 

We could also calculate another important characteristic of the device - the 
sensitivity S (in fringes per degree) defined as 

s 
d 

7f 18m 
180° d 882 . 

(12) 

Substituting m from Eq. (10) and performing the differentiation, we get the 

function 

s 
d 

7f sin 82 cos 82 
900 >. .j NJ - sin2 82 

graphically presented for a few values of Na in Fig. 4. 
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In both studies [11, 12], experimental results are not reported, but is men
tioned the possibility to conduct measurements of angles in a relatively wide 
range (8 = 82 - 81 ;:::;:: 45°) with accuracy better than ±1 arcsec. 

4. Experimental Results and Discussion 

For experimental verification, the refractive index differences between low
concentration sucrose - water solutions and distilled water are measured for the 
wavelength of He- Ne laser(>.= 632.8 nm). All measurements are carried out 
at 20 °C. Jamin interferometer is used as an interferometric angle-measuring 
device, mainly because of the simplicity and reliability of its optical scheme 
and the wider range, compared to the Michelson interferometer. The plane
parallel glass plate (d· = 9.484 mm, N 0 = 1.51466) is mounted on the prism 
with refractive angle a= 45°2'12" and index ofrefraction N = N 0 = 1.51466. 
The hypotenuse wall of the prism is split into three sample cells to provide direct 
comparison of the refractive indices. The angle of incidence of the collimated 
laser beam on the glass plate is set equal to the angle of maximal sensitivity 
(see Fig. 4) and in this case 1/ S = 18.6 arcsec/ fringe. 

The results from the measurements are given in Table 1, compared with 
values calculated from the empirically obtained relation [13] between b...n and 
the concentration C, 

b...n = 0.00146C (in %) , (14) 

for sucrose solutions. 

Table 1. The rresults from thee measurements in comparison with calculated values in 
(13) 

c (%) m t::,,f) (10- 4 rad) 6.n ± 0.24 (10- 4
) 6.n (13] 

0.1 3.8 3.4 1.5 1.46 
0.2 6.8 6.2 2.8 2.92 
0.4 14.4 13.0 5.8 5.84 
0.6 20.5 18.5 8.3 8.76 
0.8 28.5 25.7 11.5 11.68 

Each experimental value is averaged over 5. measurements. The error due to 
the visual determination of the number of interference fringes m is of the order 
of 1/2 fringe i.e. b...8oc ;:::;:: 10" and for n ;:::;:: 1.33, N = 1.51466 from Eq. (4) 
we get b...n = 2.4 x 10- 5 . 

If an electronic ">./8" fringe-counting system is used, it would be possible 
to measure angles in a 40° range (i. e. for angles of incidence on the glass plate 
8 = 25 - 65°) with an error less than ±3". In this case, for a prism made from 

Laser Refractometer with 

optically denser glass, e. g. f\ 
b..n = 10- 5 could be achieve1 
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optically denser glass, e. g. N > 1. 75, a range from 1.27 to 1.65 and accuracy 
b.n = 10-5 could be achieved. 
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