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Crustal Strain Measurements Using a Laser Holographic Method
at the Iwakura Observatory

By Shuzo TAKEMOTO and Masaru YAMADA

Synopsis

The technique of laser holographic interferometry can detect two- or three-dimensional
small displacements in terms of the wavelength of laser light, without contacting the object.
We developed a portable holographic recording system consisting of a 30 mW He-Ne gas laser
and associated optical elements. The system was installed in a tunnel having a length of
30 m at Iwakura, Kyoto in 1988. Using the system, small deformations of the tunnel due to
tidal forces were successfully observed. The results are consistent with tidal strains obser-
ved with extensometers which were installed in the same tunnel.
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Fig. 1 (a): Arrangement of instruments in the tunnel at Iwakura. E-1~3; super-invar
bar extensometers, T-A, B ; horizontal pendulum type tiltmeters, b ; barometer, t ;
bimetallic thermometer, TH. 1~TH. 4 ; quartz thermometers.

(b): Laser holography system. L; 30 mW He-Ne laser, PH ; pin-hole, M;~M,;
mirrors, E ; beam-expander, DF ; neutral-density filter, C ; collimator, R ; reference
mirror, P ; photographic-plate and plate holder, T ; video camera, O ; object wall.
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Fig. 2 Schematic view of the holographic recording system
at Iwakura.

HEZLITRus 7 a0 BEshs, BEFOERELEG « 5 « AEOLEO%, BERrRACEECER
L, COEREEL THEREE2R2 &, BREORU S A EBEORT L NEL->TEL 3, =0
%, EROMELZBERIVDTPMET 2L, 53U/ L8R ECEEOTH L E0EbIS, DT
CENS—COREE=2—EaY-FLrEHAS(T) MTEEEE:  WVIS50H) L9 4 A5 SR
EFFVva—F— MTEBEE NVSG0RE) LYV EFtF—F iR+ 3, cOEFALI—5—
i, 1EDOERCTAT—7 (1200) C2REOCFAEELI0HMCho TR T 22 08 TE2
B, 77O 1AMBITE . £, ZOBIRFTS S ABKLEFLY,
BRINALETAT —7E2FLRY, FEBCAVCEQOLALEOYFFva—5—TEEL, B
EERUNN—VF NI Ea—F—2A0TERETZ,

3. BARR

BonlFHL Y —> D% Fig. 3@)HLTH 2, ZDOHIE, BAEOBCEGRLEEBICID AA
RETABRERAT—NVEEDRTVE FY Uy —ZHHERDDTH B, Ay —nid, K (X )
D200~600, B & Vit (Y &) © 0 ~2000EHESEEEERH EO 1 mX1 m OFERICHEYT 2, Mothd

_ 3 —



78 RAP KR FESH #325B-1 F¥1, 4 (1989)

X
| .
(a) 100

B-BB-EB HS Rﬂ
:Bﬂ i

g

X« 200 300 400 500 600

(b) f

Fig. 3 (a) An example of the monitor picture showing the
holographic interference pattern.
(b) relative positions of a~f points on the monitor
picture. Displacements of these points obtained

from interference fringe patterns are shown in Fig.
5(a).
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Fig. 4 Examples of image processing.
(a) Brightness values of the interference fringe pattern along L1~L5 lines (see Fig.
3).
(b) Derivatives of B (dB/dY).
(c) Change of dB/dY during a week.
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Fig. 5 (a) Displacements of a~f points on the object wall obtained from fringe displacement data

shown in Fig. 4(c).

(b) Strain changes observed with extensometers (E-1~3), together with barometric change
(BARO), thermometric changes (TH. 1~TH. 4) and ground-water discharge (W. D.).
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