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Abstract. The opportunities of a novel optical scheme for measurement 
of large angles by a laser interferometer are investigated. The interfer
ometer is based on a rotatory plane-parallel plate placed in the one 
arm of a Michelson interferometer. The preliminary theoretical results 
are confirmed experimentally and angles in the range of ± 60 ° with an 
average sensitivity of 2" have been measured. The explored scheme 
could be used for investigation of the refractive index of transparent 
solid and liquid materials. 

PACS number: 06.30.Bp, 07.60.Ly 

1. Introduction 

The interferometers designed for measurement of angles are devices that trans
form the rotational movement in a change of the optical path. The sensitivity 
of the interfer0metric methods is usually better than that of the mechanical go
niometers, although they have a limited range of measuring, determined by the 
type of the optical scheme and the sizes of the optical elements. A resolution of 
0.0057" in the range of ±3 ° was achieved by the use of Michelson interferom
eter (1]. In Refs (2] and (3] the authors achieved resolution of about 1" in the 
range of ±35 ° by rotation of a plane-parallel plate in Gamen interferometer. 
A shortcoming of these schemes is that the interfering beams, reflected by the 
interfaces of the plate, rotate in the space with the rotation of the plate and that 
practically complicates the registration of the interference by photodetectors . 
Shi and Stijns [4- 6] investigate in details the various opportunities of Michel
son interferometer with triple prisms for measurement of angles. They achieve 
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resolution of 0.1" in the range of ±60 ° by their modification of the mechanical 
fixing of the measurement prisms, that transforms their rotation into a linear 
translation. Such scheme is hard to implement, because of the errors in the 
mechanical transform of the rotation in translation, caused by the plays and the 
rough of the mechanical construction. 

In the present report a scheme of a laser interferometer for angle measurement 
in wide range is proposed and examined. It combines the advantages of the 
Michelson interferometers, that have triple prisms, with the ones of Gamen 
inter erometers and it does not require mechanical transforms of the rotation. 

2. The Optical Setup 

Let us put a plane-parallel plate in the one arm of a Michelson interferometer 
with triple prisms. Then we can detect the change of the optical path of the 
laser beam through the plate, caused by its rotation (Fig. 1). The way of the 
rays through the plate at its initial position and after rotation of angle a is 
shown in Fig. 2. The plate is put on a rotatory table and rotates around an axis, 
that is normal to the plane, determined by the laser beams, whereas the triple 
prisms and the beam splitter remain fixed. 

Pl 

PDl 

laser BS 

RT p 

PD2 

Fig. 1. An optical setup of interferometer with a rotatory plane-parallel plate for angle 
measurements 

PDl , PD2 - photodetectors; RT - rotation table; P, Pl - triple prisms; BS - beam 
splitter 

The optical path 6.0 in a glass plate with refractive index n
9 

and thickness 
d, placed nonnally to the laser beam, is 

When the plate 1s rotated by angle a the optical path through the plate 

Large Angles 

changes by 6.P: 

where f3 = arcsin (na sing 
ng 

is a and na is the refractive 

laser 

BSl 

PDl ~ 

Fig. 2. 
p -

The number of interferen 
of the interferometer, is de 
when the plate is rotated, a1 
be taken into account 

Thus the whole change o 
Then m = !:J. / >.,where J 
The number of fringes 1 

photodetector versus the an 

m 2na 
-=-
d >. 

where n = n9 /na. 
The rotation angle o: as , 

o: = arccos [ ~ 



, S. Sainov 

eir modification of the mechanical 
forms their rotation into a linear 
ent, because of the errors in the 
ation, caused by the plays and the 

rferometer for angle measurement 
combines the advantages of the 
risms, with the ones of Gamen 
nical transforms of the rotation. 

of a Michelson interferometer 
hange of the optical path of the 
otation (Fig. 1). The way of the 
and after rotation of angle a is 
table and rotates around an axis 
laser beams, whereas the tripl~ 

RT p 

tatory plane-parallel plate for angle 

P, Pl - triple prisms; BS - beam 

fractive index n9 and thickness 

optical path through the plate 

Large Angles Measurements by Laser Interferometer 117 

changes by 6.P: 

6.P = 2n9d (co~{3 - 1) 

where {3 = arcsin ( ~: sin a) is the angle of refraction when the rotation angle 

is a and na is the refractive index of the air. 

laser 

Ml 

BS! 

RT 

PD! BS2 

PD2 

Fig. 2. The rays path through the plate 
P - triple prism; M2 - mirror 

p 

The number of interference fringes m, passed by the detectors PD 1 and PD2 
of the interferometer, is determined by the change in the whole optical path 
when the plate is rotated, as the change of the optical path in the air 6.a must 
be taken into account 

A dl - cos(a - {3) 
L.l.a = 2na {3 . cos -

Thus the whole change of the optical path is 6. = 6.P + 6.a. 
Then m = 6./ >., where >. is the laser wavelength in vacuum. 
The number of fringes on one unit thickness of the plate, passed by the 

photodetector versus the angle of rotation is 

~ = 
2~a ( V n 2 - sin

2 a - cos a - n + 1) 

where n = n 9 /na. 
The rotation angle a as a function of the number of detected fringes is 

a= arccos [~ ( m>.n
2 

-
1 

- m>. - n +i)] · 
2 2dna - 1 + n 2dna 

(1) 

(2) 
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The sensitivity S of the measurement, defined as the number of fringes for 
one unit of plate thickness and for one unit of angle change, as a function 
of the angle between the plate and the laser beam, is obtained by finding the 
derivative of (1): 

7f l loml 7f sin(a)na I J 2 I S = - - - = - 1 - cos( a )n2 - sin a 
180 d oa 90 >. 

(3) 

The range of the measured angles at this scheme is limited by the shift of the 
laser beam h0 , passed through the plate. That leads to its failure to coincide 
with the reference beam at large rotation angles 

h0 = dsin(a)Vn2 - sin2 a. (4) 

After reflecting from the prism and a second passing through the plate, the 
beam turns out to be shifted on a distance of 2h°" normally to the reflected 
beam in the case of normal falling on the plate. This shift may be avoided, 
changing the scheme, by an additional mirror M2, returning the laser beam 
after its second passing through the plate, and replacing the supporting triple 
prism with a plane mirror Ml (Fig. 3). Thus a doubling of the sensitivity and 
reducing of the number of the used triple prism are obtained. 
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Fig. 3. A setup with doubled sensitivity, avoiding dispersion of the interfering beams 
at large rotation angles of the plate 
PDl and PD2 - photodetectors; BSl and BS2 - beam splitters; P - triple prism; RT 
- rotatory table; Ml and M2 - mirrors 

The next equations ( 5 - 7) related to the modified scheme correspond to the 

Large Angles .M 

previous equations (l - 3): 
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previous equations (1-3): 

~ = 
4~a ( V n 2 

- sin 
2 a - cos a - n + 1) (5) 

a= arccos [~ ( m>.n
2 

-
1 

- m>. - n + 1)] 
2 4dn,. - 1 + n 4dna 

(6) 

_ 7f 116ml _ 7f sin(a)na I / 2 . 2 I 
S - 180 d 6a - 45 ).. 1 - cos(a)y n - sm a . (7) 

In Fig. 4 are shown the number of fringes on one unit of thickness and the 
measurement sensitivity versus the rotation angle. The computations are done 
in the case of glass with n 9 = 1.51510, na = 1.00029 for 20 °C at normal 
atmosphere pressure and for the wavelength of He-Ne laser. 

By these graphics one can determine the plate thickness that corresponds to 
the needed sensitivity in a given range of the measured angles. 

The range of the measured angles ±amax, with a certain plate thickness is 
limited by the size of the used triple prism P, the size of the mirror M2 and 
the length of the plate. For a given plate thickness, the range of the measured 
angles ±amax can be achieved by triple prism aperture and mirror size that are 

. 4homax 4homax . 
bigger than -d- and a plate longer than d (see Fig. 2). 
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Fig. 4. Number of fringes on one unit of thickness and the sensitivity versus the 
rotation angle 

3. Experimental Results 

Experimental investigations of the abilities of the optical scheme in Fig. 2 for 
measurement of large angles have been performed. The used source of light is a 
frequency stabilized He-Ne laser with an expander, providing 10 mm diameter 
of the laser beam. We have used two plane-parallel plates with thickness of 
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9.9S mm and 20 mm, lengths of 60 mm and 110 mm, refractive indexes for the 
laser wavelength of 1.47308 and l.S2098 respectively. The triple prism aperture 
and the mirrors aperture is 40 mm. The plates are placed on the rotatory table 
of goniometer GS-S possessing angle resolution of 1" and overall error of S" 
for the whole scale. The number of the passed fringes m, is detected with two 
photodetectors, connected to a personal computer by a block, that performs 
amplification of the signals, forms and counts reversibly the corresponding 
impulses. Every passed interference strip corresponds to 4 impulses detected 
by the computer. 

In Fig. Sa are shown the theoretical and experimental dependencies of the 
number of impulses, detected by the interferometer, from the rotation angle of 
the two plates, as the corresponding thickness is taken into account. 
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Fig. 5. Theoetical and expeimental dependeences of: 
number of the impulses versus the rotation angle (a) ; sensitivity in sec/ impulse versus 
the rotation angle (b) 

In Fig. Sb are shown the theoretical and experimental dependences of the 
sensitivity of the angle detection from the rotation angles of the two plates. 

The experimental results are obtained from 0° to 60° at every 2°. The 
sensitivity is averaged for ±20' interval around the recorded angles. 

4. Discussion 

A good agreement between the experimental data and the theoretical values. is 
observed. The main differences are due to errors in angle measurements with 
the goniometer and errors in detecting the impulses from the interferometer, 
caused by vibrations and temperature expansions of the reference arm. 

The performed investigations approve, that the suggested scheme can b~ ~s.ed 
for angle measurement in a range larger than ±60 ° with an average sens1ttv1ty 
better than 2" per impulse. The sensitivity could be improved substantially if 
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thicker plates are used and an additional electronic division is employed in the 
impulse forming. 

The scheme could be used for angle measurement in the determining of 
the refractive index with the method of the disappearing diffracting picture, 
described in [7] and [8]. 

This optical scheme could be used also for a direct determining, by an inter
ferometric method, of the refractive index of plane-parallel plates and liquids 
in vessels with plane-parallel walls. In order to achieve this task, the rotation 
angle of the plates or vessels must be detected by an additional goniometer 
with the needed accuracy. 

A theoretical and experimental analysis of the errors of angle measurements 
with the proposed method impends and these will be presented additionally. 
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