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Fig. 4.2.1.  Schematic of a laser extensometer. The arrows in circles denote the polarization direction of beams, and the 

broken arrows indicate beams with a delay of a quarter wavelength.  
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Fig. 4.2.2.  Iodine-stabilized laser (right) and offset-lock laser (left). 
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Fig. 4.2.3.  Estimated beam power for an initial beam of 25mm 

diameter. 
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Fig. 4.2.4.  Isolator. The laser beam goes through the 

center of the cylinder.

 

Fig. 4.2.5.  Beam-expander. 
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Fig. 4.2.6.  Non-polarizing beam-splitter. 

 

 
Fig. 4.2.7.  Assumed beam-reflecting positions on the 

mirrors of the retroreflector. The broken circles 
denote outlines of the beams, and the attached 
numbers indicate the sequence of the reflection. 
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Fig. 4.2.8  

 

 
Fig. 4.2.8.  Retroreflector (side view) 
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Fig. 4.2.9.  Beam pattern without the wedge plate. The 

grid interval is 1cm. 

 
Fig. 4.2.10.  Calculated beam pattern. The grid interval is 

1cm. 

 
 
 
 
 

 
 
 
 
 

Fig. 4.2.11.  Wedge plate and correction to beam 
direction. 
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Fig. 4.2.12.  Converging lens (right), the polarizing beam-splitter (cubic glass at the center), and photo detectors 

(connected to cables through BNC connectors). 
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Fig. 4.2.14.  Mirror with stepping motors.   

 
 
Fig. 4.2.13.  Layout of the laser interferometer. 

 

 
Fig. 4.2.15.  Optical part holder in the vacuum chamber.  The beam 

direction is adjusted with the rotation stage and the 
goniometer. 
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Fig. 4.2.16.  Base rock.  

 
 

 
 
Fig. 4.2.17.  Base rock for laser and optical parts of the 

interferometer. 
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Fig. 4.2.18.  Relationship between exhaust velocity of 

a vacuum pump and time to reach the 
pressure of 10Pa. 

 
Fig. 4.2.19. Estimated pressure change for a vacuum 

duct of qD= 1×10-6(Pa m/s) (solid curve). 
A vacuum pump of 250L/min is assumed 
to be used. The broken curve indicates 
the observed pressure change for the 
400m-long vacuum duct. 
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Fig. 4.2.21.  Observed pressure change in the vacuum 

chamber at the evacuation port after the start 
of evacuation by the 400L/s turbo molecular 
pump. 

 
Fig. 4.2.20.  Estimated pressure distribution in a duct for 

outgas rates of (1) qD = 10-3(Pa m/s), (2) 10-5, 
(3) 10-6 .    

 
Fig. 4.2.22.  Pump system. A scroll pump is at the right 

bottom, and a turbo molecular pump is at the 
left.
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Fig. 4.2.23.  Isolation of the chamber from atmospheric pressure. 

The atmosphere pressure loaded on the edge is 
bypassed by rods to the duct so that the chamber 
containing optical parts can be isolated from 
atmospheric pressure. The chamber and the duct are 
connected with bellows (covered with white sheets). 
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Fig. 4.2.24.  Support for the vacuum duct. 

 
Fig. 4.2.25.  Vacuum duct. 
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Fig. 4.2.26.  A5 format used in the LS7000 data-logger for data transmission of 1000 samples/s. 

 
Fig. 4.2.27.  Frequency response of the low-pass filter applied 

to the signal from the photo detector. The vertical 
line at 500Hz indicates the Nyquist frequency.

 
 

 
Fig. 4.2.28.  Antenna for the data-logger. 
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Fig. 4.2.29.  Recording system. 
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Fig. 4.2.30.  Residual distributions for various misfits.  The red ellipses indicate data distribution in Lissajous figures.  

The blue ones are assumed ellipses.  The graph on the right plots the residual distribution as a function of 
the angle around the center of the assumed ellipse.  The residual is measured as the difference in 
distances from the center of the assumed ellipse between the data distribution and assumed ellipse.  (a) 
Too small assumed ellipse.  (b) Too large assumed ellipse.  (c) Horizontal offset of the assumed center.  
(d) Vertical offset of the assumed center.  (e) Difference in ellipticity.  (f) Rotation. 
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Fig. 4.2.31.  Process of ellipsoid fitting. Plots of channels 1 and 2 on the (x,y) coordinate and residuals from the assumed 

ellipsoid are depicted as a pair. The blue ellipsoid indicates assumed data distribution, the black dot indicates 
data, the blue dot indicates average of data on the sectioned range of phase, the red line indicates data 
average, the orange curve indicates the (cos , sin ) component, and the green curve indicates the (cos2 , 
sin2 ) component. 
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