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Accelerometer, the hart of the broad band
seismometer and the accelerometer

)
mass
i Force R | “olt out ~
et | coil acceleration

Displacement _tl

transducer —F

Simplified principle behind Force Balanced Accelerometer. The
displacement transducer normally uses a capacitor C, whose capacitance
varies with the displacement of the mass. A current, proportional to the

displacement transducer output, will force the mass to remain stationary
relative to the frame.



Rotation rate
Rotation sensor
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Ground velocity
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Earth mound

Single Component
Rotation (Wz)

. Entrance tunnel DAQ
Control |
[]

Beam splitter prism Detector

Mirror mount

Mirror enclosing tube

UHV-
Interface

Laser excitation
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Observation of rotational deformations after earthquake

the Great Shillong Earthquake in 1897, India



Wi Array-derived rotations
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ACCELERATION Z-COMP
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Portable rotational ground motion sensors for local earthquake

F5RE: Sagnac effect
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* Rotational motions ("2 ) = Torsional motions ( _L7Z )

* The lateral and torsional modes are coupled if the structure is asymmetric,
that is center of stiness differ from centers of floor mass

e Rotational motion was responsible for the splitting of peaks in their
resonance frequencies (Ghayamghamian, M.R. & Matosaka, M., 2003)

* the local rotational motion may appear to be due to wave propagation in
heterogeneous soil layers at the site

* The effects of torsional response and or coupling of motions may
remarkably change the site amplification characteristics at the site



www.sciencemag.org/news/2017/04 /buried-lasers-will-sense-earths-spin-and-quakes-doing-twist

Ring of truth

Buried near Munich, Germany, is Rotational Motions in Seismology (ROMY), a giant ring laser. It will
sense the rotation of Earth and tiny wobbles of its spin axis—helping calibrate GPS satellites. It
also will detect twisting motions from earthquakes, which researchers have typically ignored.

Ground level

Around the corner Pumping station

Mirrors keep the lasers circulating. Light leaking from Midway through the near-surface arm of each rin¢
opposite beams is combined into a signal that a photo-  steel tube shrinks to a small glass capillary, where
detector analyzes for clues to rotation. laser is pumped.




BlueSeis-3A

Nanao array is organized by

Wu-Cheng Chi (since 2011) You are welcome

to request data.
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Straln Deformatlon
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Strain Deformation

1935 Central Taiwan Earthquake
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1999 Chi-Chi Taiwan Earthquake
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Hualien Large Scale Seismic Test (HLSST)
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Array recorded translation ground motions (Vertical component)
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Array recorded translation ground motions (EW component)
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Dynamic Strains and rotations (aftershock)
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Previous Rupture process reports of the Chi-Chi EQ
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(a) Point source

(b) Bilateral rupture
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Tohoku, Japan Earthquake: Finite Fault Model
U. California, Santa Barbara

1W'F 140°F 41'E 142 14F 14°E 145F WRF

Version 1 Version 2
NEIC Hypocenter JMA Hypocenter
(50 km ESE)

19'F 140°F HIE 142€ 14TF 144°E 4EF

Version 3

Body & Surface Waves
realigned using the
03/09/2011 Mw 7.3
foreshock.

Figures courtesy of Guangfu Shao, U. California, Santa Barbara
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__% NPP 20 km radius
=mm= Primary Faults

== Other Faults (offshore)
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Review of GPS positioning

Dealing with errors

Clock « {5 Orbit Error
| e er:rors (-7~ Clock Error
. * Epsilon (SA)
Earth body deformations Dither (SA)
Orbit errors
\
lonospheric
refraction
ﬂ\
Tropospheric
- - refraction
Receiver Noise .

Clock Error &=0——— Multipath



PBO Network
Permanent GPS
Campaign GPS
Borehole Strainmeter
Long Baseline Laser

Tectonic plate movement observations from GPS
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AB43 (CapeSpenceAK2007)
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* Undifferenced observable
* Estimate both receiver and satellite clocks

» Precise Point Positioning — Fix prior satellite clocks and estimate only
receiver clocks

« Parameter hungry




Similar precision possible in 24 h solutions

* PPP requires extra care
« orbit/clock errors (some periodic) map 1:1 into positioning



GPS as a Instrument

GEONET Station 0133/ Tokachi—oki Earthquake East Component

: GPS
: Seismometer 1
L Seismometer 2




GPS as a Instrument

East Component

1. High rate GPS is an extra sensor
2. No clipping

3. Strong motion

——aPS
f Seismometer 1
. Seismometer 2




Event: 1103110550 15.0 38.10N 142.86F 23 Mw=9.
40° ' - | .

*

110° 115° 120° 125° 130° 135° 140° 145°
Near east coast of eastern Honshu, Japan

AV. DIST (KM) = 2636.9
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118° 119° 120° 121° 122° 123°
Near east coast of eastern Honshu, Japan

NUM (STA) = 149 AV. DIST (KM) = 2642.6
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Snapshots of Ground motions
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Distributed Acoustic Sensing

(DAS)
The fiber is the sensor

Measurements all along a 10km fiber = 10,000 sensors!!

Backscattered light provides
measurement point every 1m




optical
scattering

Probing box fiber optic
cable

vibration
source

Processing box

"/\IL acoustic trace per

>  meter of cable




AR RENNS
|

1200




645237 o 39°00

3900

ar a2oanw

gy
64°52'34" <o

Waas

3800
I

r 3730 arasar
64'5230" ) Fairbanks
i A Permafrost

Sl Eam =S Experiment

Station

‘ ¥ 3700
-147°4030" 147°40'26" -147°4023" -147°40"19" 147 40"16" 12230 12300 12230 ~$22'00'



(a) 160
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Hypocentral Distance [km]
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Seismic Veloc:lty3 [km/s]
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