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This paper describes a new optical seismic sensor for geophysica applications. Following the work done at Institute
Advance studies in Basic sciences in Zanjan, we have built a new vertical short period seismometer based on the Moiré
technique. This seismometer consisting of a spring-suspended mass whose position is monitored using the moiré technique.
The Moiré technique has many applications in the measurement of very small displacements and light beam deflections.
Moiré technique is based on the interference obtained when two transparent plates such as tow gratings are covered with
equally period. If one of the platesis held over one another, they can be aligned so that no light will pass through or so that
al light will pass through. Now, if one of the plates is placed over the other, and their lines have a small angle together,
appear a new periodic structure that called Moiré pattern (Figure 1a). The dark and bright regions are called fringes. The
period of Moiré fringes (d ) is larger than the period of gratings (d). Therefore the use of Moiré technique magnifies the
small displacements.

However, we used the springs of a commercial geophone (SE-10) to build our oscillation system that has a natural
frequency of 8 Hz. Also, to make Moiré pattern we use a pair of similar gratings that one of them is fixed to the suspended
mass and another one is fixed to the seismometer frame. The gratings are installed near together without any physical
contact, which the planes of the gratings are parallel together and the lines of gratings have small angle (less than 6°) respect
together.

Due to a typical impulse, the gratings displace respect to each other, and as a result the Moiré fringes are moved with a
magnification of more than ten times. To detect and record of fringes movements or finally seismic pulses we used a diode
laser (5 mW) was placed in front of one of the gratings, and a light-detector faced the laser source from the opposite side.
Also, a narrow vertical dlit was placed in front of the detector to narrow the light beam. The diode, the detector, and the
slit were all fixed to the instrument frame. The diode laser beam passes through the Moiré pattern then the narrow dlit and
finally detect by the light sensor.

Due to a seismic pulse received by our sensor, the moiré fringes pass through the laser light and the intensity of the light
on detector variesasaresult. The detector recordsthese variations as atime series. The output of the light detector iselectric
voltage, with amplitude proportional to the amplitude of ground motion. As we know, the damping in seismometer is very
important to detect seismic pulses. Our damping system is based on viscose oil. The damping factor is 0.65. Also, a 12 bit
A/D deviceisused to digit the analog responses of optical seismometer. Our seismometer is shown in Figure 1b.
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Figure 1. a) Moir ¢ pattern obtained by superposition two gratings. b) Optical short period seismometer

We carried out an experiment to investigate the performance of our optical seismometer. We subjected our seismometer
(8 Hz) and acalibrated commercial seismometer (6TD Guralp, 0.1 Hz) toidentical impulsesand comparison their responses.
Figure 2 shows the both response of optical and 6TD seismometer to some impulsesin areal and similar condition. Aswe
can see, our sensor response has agood agreement with 6TD response. Al so, the power spectrum of both responsesis shown
in Figure 3.
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Figure 2. The output of optical seismometer (8 Hz) and 6TD Guralp (0.1 Hz) in similar conditions
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Figure 3. The power spectrum of optical and 6TD seismometers

Comparisons with conventional seismometers show that, in terms of both noise and signal fidelity, the optical approach
is quite viable. Also, our sensor has some additional advantages. Optical sensor free of EM noise, the output can be easily
regulated by altering the period and the angle of the gratings or the intensity of the light source. Our instrument is easier to
install, and insensitive to environmental conditions such as temperature fluctuations. Also, in the moiré detecting system,
we can vary the sensitivity to detect the displacement by varying the gratings period, the angle between the rulings of the
gratings. We can a so, enhance the output of detector by enhancing the power of light source and enhancing the proportion
of signal to noise.
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