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Laser Distance Measurement Using the Light Modulated
by Two Frequency Intermode Beats
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Research Institute of Electronics, Shizuoka University,
3-5-1, Johoku, Hamamatsu 432

A distance measurement technique using a two axial mode Zeeman laser is described. The
light from this laser is composed of two sets of 7 and ¢ components which are orthogonally
polarized. The distance is determined by measuring the phase delay of the light wave modu-

lated by intermode beat between @ components.

The phase can be readily measured because

the frequency of measured signal is converted into 60 kHz by mixing the intermode beat of 7

components with that of ¢ components.
and a cause of its limit is also presented.
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Fig. 1 Intramode beat frequency versus the
magnetic field at the tuning state for simultane-
ous oscillation of two axial modes.
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Fig. 2 Dependence of the intramode beat on
the detuning obtained for the magnetic field
of 174 G. 2m1 and 2m: mean the ranges of
simultaneous oscillation of two modes. Arrows
show the tuning states for two modes with
equal intensities. S is a slope for the curve at
each arrow.
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Fig. 4 Block diagram of the two axial mode Zeeman laser, TMZL.
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Fig. 5 Square root of thejAllan¥variance for

the optical beat between a TMZL and a stabi-

lized transverse Zeeman laser, STZL.

Table 1 Comparison of the performance for a
mode-intensity balanced laser and a two axial
mode Zeeman laser.

MIBL | TMZL
Detected signal DC AC (~300 kHz)
No. of detectors 2 1
Polarization
splitting Yes No
No. of modes 2 4
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Fig. 6 Schematic drawing of the mode struc-
ture in a TMZL (a) and basic principle of
the method for measuring a distance (b). PBS:
polarization beam splitter, PD: photodetector.
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Fig. 7 Experimental arrangement for the dis-
tance measurement by the use of the TMZL.
ATT: optical attenuator, CC: corner cube,
APD: avalanche photodiode, DBM: double
balanced mixer, LPF, BPF and HPF : low, band
and high pass filters, respectively, M: mirror,
Pss: linear polarizer with 45 degree azimuth,
CR: chart recorder.
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Fig. 8 Waveforms of reference (upper trace)
and measurement signal (lower trace) (a) and
response of the phase change of measured
signal to the change of optical path difference
L (b).
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Fig. 9 Phase deviation D between the mea-
surement and calculated phase as a function of
L for the two polarization beam splitters.
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tion spectroscopy by heterodyne optical beat.
SBC: Soleil-Babinet compensator.
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Fig. 13 (a) Mode spectra of STZL and TMZL.
The spectrum of optical beat, Beatl, between
the STZL and the upper mode of TMZL is
shown in (b) and the beat spectrum for Beat 2
is shown in (c).
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Table 2 Components of angular frequency in
7 and ¢ polarization of TMZL.
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