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1.TOPIC:- Dual-frequency Laser Interferometer: 
This instrument is used to measure displacement, high-precision measurement of  
lengths, angles, speeds and refractive indices as well as derived static and dynamic  
quantities. It operates on heterodyne principle. The two resonator modes  
(frequencies f1 and f2) are generated in a laser tube such that f1-f2=640MHz. These  
are controlled so that their maxima are symmetrical to the atomic transition. This  
permits a long reliable stability. The frequency stability of He-Ne laser is responsible  
for outstanding performance of the interferometer. 
An amplitude beam splitter branches off part of the laser output create a reference  
beam, which an optical fibre cable relays to a photo detector 1. This detects the beat  
signal of 640MHz frequency difference produced by the heterodyning of the two  
modes. The other portion of the light serves as measuring beam. Via an  
interferometer arrangement it is directed to a movable measuring mirror and a  
stationary reference mirror, which reflects it on to a photo-detector 2. The two  
frequencies in the measuring beam are separated by a polarization-sensitive beam  
splitter so that the measuring mirror receives light of frequency f1 only, whereas the  
light that strikes the reference consists exclusively of frequency f2. With the  
measuring mirror at rest, detector 2 also senses the laser differential frequency of f1- 
f2 = 640MHz. If the measuring mirror is being displaced at a speed v, the partial  
beam of frequency f1 reflected by it is subjected to a Doppler shift df1; where df1 =  
(2v)1. 
Accordingly, detector 2 now receives a measuring frequency of f1-f2 ± df1 (+ df1 or – 
df1) depending on the direction of movement of the measuring mirror. The reference  
frequency f1-f2 and the measuring frequency f1-f2 ± df1 are compared with each other  
by an electronic counting chain. The result is the frequency shift ± df1 due to the  
Doppler effect, a measure of the wanted displacement of the measuring mirror. In a  
fast, non-hysteric comparator, the  
Doppler frequency df1 is digitized and then fed to a counter, which registers the  
number of zero passages per unit time. 
The forward and return movements of the measuring mirror can be distinguished  
by out coupling the measuring signal f1—f2 ± df1 at ‗n‘ phase angles, via a delay line  
and feeding to ‗n‘ mixers. The mixers are connected with the reference signal f1—f2 
(common feeding point for all mixers). Thus n Doppler frequencies get shifted in  
phase by /n at the mixer outputs. They are symmetrical relative to zero. After  
comparison they are made available to low-frequency counting logic as TTL signals 
This system can be used for both incremental displacement and angle  
measurements. Due to large counting range it is possible to attain a resolution of  
2.nm in 10 m measuring range. Means are also provided to compensate for the  
influence of ambient temperature, material temperature, atmospheric pressure and  



atmospheric humidity fluctuations. 
characteristics.  
A wide variety of light sources is available for interferometer work but the  
selection of proper source for any application depends on the requirements of results  
to be obtained by interferometer, cost and convenience. For simple applications like  
testing of surface geometry, where the difference between interfering paths is of the  
order of a few wavelengths only, tungsten lamp with a filter, transmitting only a  
narrow band of wavelengths would be adequate. 
However, sophisticated applications require the use of light sources such as  
mercury 198, cadmium, krypton 86, thallium, sodium, helium, and neon and gas  
lasers. In these sources, the discharge lamp is charged with one particular element  
and contains means to vaporize them. The atoms of these elements are excited  
electrically so that they emit radiation at certain discrete wavelengths. 
Characteristics of various light source are summarized below: 
i) Mercury. It is les expensive source having high intensity, and green line can  
be easily isolated with filters. Since natural mercury contains several isotopes,  
each isotope emits light whose wavelength is very slightly different from each  
other. As a result, natural mercury light source radiates a mixture of  
wavelengths which can be treated as monochromatic only for short path  
difference. 
ii) Mercury 198. It is a pure isotope produced by neutron bombardment of gold. It  
is considered to be one of the best sources of very sharply defined  
wavelengths, and fringes are visible with path difference up to 500 mm. Light  
is emitted when mercury 198 is excited by microwave produced electric field.  
It is the international secondary standard of wavelength.  
iii) Cadmium. This is the only natural material producing a spectral line (red)  
almost completely symmetrical, having useful path difference of about 200 
mm. Cadmium 114 is the official secondary international standard of length.  
iv) Krypton. It has the advantage of being easily excited, so used in some  
instruments. It is not as monochromatic as Krypton 86 because natural  
krypton is a mixture of isotopes. It can be used up to path difference of 375  
mm.  
v) Krypton 86. Krypton 86 lamp produces spectral lines of different wavelengths  
and, therefore, a fairy elaborate monochromatic is required to separate them.  
Further its excitation takes place at very very low temperatures, therefore, this  
lamp is used only in standardizing laboratories. Next to laser, this enables the  
fringes to be observed with maximum path difference (about 800 mm).  
The orange-red line of krypton 86 isotope, produced under specified  
conditions, and at a temperature of 63.3 K temperature of nitrogen triple point,  
is the new basic international standard of length-meter being defined as  
exactly 1,650,763.73 wavelengths of this source, measured in vacuum.  
vi) Thallium. As 95% of its light is emitted at one green wavelength, it can be  
used over a reasonable path difference without the use of my filter.  



vii) Sodium. It is used only in applications where interference path difference  
does not exceed a few hundred wavelengths. Usually yellow sodium light is 
used which contains two separate but closely spaced lines of equal intensity;  
and because of this the interference fringes wash out fad because of this the  
interference fringes wash out for higher path difference.  
viii) Helium. Orange line of helium is used where path difference is not great.  
ix) Neon. As conventional neon lamp has too many closely spaced lines (in red part of the 
spectrum) and not sharply defined, it does not find many applications. Neon in gas laser, 
however, has assumed a uniquely important role. 
x) Gas lasers. In metrology work gas lasers which produce highly  
monochromatic and intense light (1000 times more intense than others) are  
used to great advantage, enabling interference fringes to be observed with  
enormous path differences, up to 100 million wavelengths. (It may be noted  
that high-power, intermittently operating ruby laser is not of interest in metrology). Gas lasers 
are produced by exciting (by an electric discharge or a high-frequency field) a mixture of neon 
and helium 


