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Thefirst seismograph wasinvented in 132
A.D. by the Chinese astronomer and
mathematician Chang Heng. He called it an
" earthquake weathercock.“ Each of the
eight dragonshad a bronzeball in its
mouth. Whenever there was even a slight
earth tremor, a mechanism insidethe
seismograph would open the mouth of one
dragon. The bronze ball would fall into the
open mouth of one of thetoads, making
enough noiseto alert someonethat an
earthquake had just happened. Imperial
watchman could tell which direction the
earthquake came from by seeing which
dragon's mouth was empty.

In 136 A.D. a Chinese scientist named
Choke updated thismeter and called it a

" seismoscope.” Columns of a viscousliquid
were used in place of metal balls. The
height to which the liquid was washed up
theside of the vessel indicated theintensity
and alinejoining the points of maximum
motion also denoted the direction of the
tremor.






Asit moves, theinstrument recor ds displacements of caserelative to the mass asthey change
with time. Therecord isknown as a seismogram.



Seismographs arethe principal
instruments of theresearchers
who study earthquakes and those
who map the Earth'sinside.

The Earth's motion during an
earthquakeis measured in terms
of its movement relativeto some
object that remainsindependent
of the ground motion.

In a seismograph, thisobject isa
seismometer which consists of a
mass suspended on springswithin
a case. During an earthquake the
mass remains still whilethe case
around it moves with the ground.



Nanometrics Trillium Compact. Standing at just 128 mm (5.04") tall with a diameter of only 90
mm (3.54”), Trillium Comp act combines the superior performance of a broadband seismometer
with the installation convenience of a rugged geophone. Theinstrument incor porates a symmetric
triaxial force feedback sensor with aresponse flat to velocity from 120 secondsto 100 Hz.
Scientists no longer need to compromise on performance in applications demanding small, highly
portable seismometers. Bandwidth -3 dB pointsat 120 sand 100 Hz. Clip level 26 mm/s from 0.1
Hz to 10 Hz. Extremely low power consumption of just 160 mW. No mass lock, no mass centering
required.




The Nanometrics Titan isa force balance
accelerometer providing exceptional
performance over a wide frequency range
from DC to 225 Hz. The Titan isaimed at
higher precision strong motion and
structural monitoring applications, where
scientistsand engineersrequire
exceptional dynamic range combined with
ultra-low self-noise performance

compar ableto that of some broadband
seismometers.

TheTitan isthefirst accelerometer to
incor porate digitally selectable full scale
range and offset zeroing capabilities.
These featuresmake it ideal for
applicationswheretheinstrumentsare
difficult to access or wheresitevisits need
to be kept to a minimum. Thetri-axial
sensor and electronicsare housed in a
rugged, compact aluminum case featuring
asinglebolt anchoring dot, adjustable
leveling screws and an integrated bubble
level.



Map of IRIS/IDA (Incorporated Research Institutions for Seismology/ I nter national Deployment

of Accelerometers) seismograph stations acrossthe globe. In GREEN: I DA stations equipped with

gravimeters,; in RED: IRIS GSN Broadband Stations; in BLUE: independent station of IDA Data
Collection Center; in ORANGE: stations under construction.



Accelerograph:

An accelerograph isa seismograph whose output is proportional to ground
acceleration (in comparison to the usual seismograph whose output is proportional to
ground velocity). Accelerographs are typically used asinstruments designed to record
very strong ground motion useful in engineering design; seismogr aphs commonly
record off scalein these circumstances. Nor mally, strong motion instruments do not
record unlesstriggered by strong ground motion.

Salsmogram:;

A seismogram isa graph that showsthe motion of the ground ver sustime.
Seismograms ar e the recor ds (paper copy) produced by seismographs used to
calculate the location and magnitude of an EQ. They show how the ground moves
with the passage of time. On a seismogram, the HORIZONTAL axis = time (measured
in seconds) and the VERTICAL axis= ground displacement (usually measured in
millimeters). When thereisNO EQ reading thereisjust a straight line except for
small wiggles caused by local disturbance or " noise" and thetime markers.



Salsmograph.

A seismograph is a sensitive instrument that can detect, amplify, and record ground
vibrationstoo small to be perceived by human beings. Seismographs are instruments
used to record the motion of the ground during an EQ--installed in the ground
throughout the world and oper ate as seismographic network. Thefirst one was
developed in 1890. The earliest " seismoscope”’ wasinvented by the Chinese
philosopher Chang Hengin A.D. 132. Thisdid not record earthquakes, however. It
only indicated that there was one occurring. A seismograph is securely mounted onto
the surface of the earth so that when the earth shakes, the entire unit shakeswith it,
EXCEPT for the mass on the spring which hasinertia, and remainsin the same
place. Asthe seismograph shakes under (in the example below) the mass, the
recording device on the massrecordstherelative motion between itself and therest
of the instrument, thus recor ding the ground motion. I n reality, these mechanisms
are no longer manual, but instead wor k by measuring electronic changes produced
by the motion of the ground with respect to the mass.

Salsmometer.

A seismometer istheinternal part of the seismograph, which may be a pendulum or
a mass mounted on a spring; however, it is often used synonymously with
" seismograph" .



When you look at a seismogram, thewiggly linesare all the seismic wavesthat the
seismograph hasrecorded. Most of these waves were so small that nobody felt

them. These tiny microseisms can be caused by heavy traffic near the seismograph,
waves hitting a beach, the wind, and any number of other ordinary thingsthat
cause some shaking of the seismograph. There may also be somelittledots or marks
evenly spaced along the paper. These are marksfor every minute that the drum of
the seismograph has been turning. How far apart these minute marks are will
depend on what kind of seismograph you have.



Rarsfactiony  Farticle Motion
Comprassion., 1"1 -

| IpRRRE AN

Compressional or P Wave
Travel Direction P~

Shearor S Wave

AR
HEEE

- . ]

L

Particle Mation /

PWAVES:. compressive waves, longitudinal waves; 1st to arrive at seismic stations,
travel at 1.5-8 km/sec in the Earth's crust; shake the ground in thedirection they are
propagating or travel through the Earth'score.

SWAVES: shear waves, 2nd to arrive at seismic stations; 1.7 times slower than P
waves, shake the ground perpendicular to the direction in which they are
propagating; do not travel through liquid (ie. water, molten rock, the Earth's outer
core).



The Pwavewill bethefirst wiggle
that isbigger than therest of the
little ones (the microseisms).
Because P waves arethe fastest
seismic waves, they will usually be
thefirst onesthat your seismograph
records.

The next set of seismic waveson
your seismogram will bethe S
waves. These are usually bigger
than the Pwaves. If therearen't any
Swaves marked on your
seismogram, it probably meansthe
earthquake happened on the other
side of the planet. Swavescan't
travel through the liquid layers of
the earth so these waves never made
it to your seismograph.






Earthquakes gener ate three types of seismic waves: P (primary) waves, S (secondary) waves and
surface waves, which arrive at seismic recording stations one after another. Both P and Swaves
penetrate theinterior of the Earth while surface wavesdo not. Dueto this, Pand Swavesare
known as" body waves' . Surface wavesarrivelast and arethe least interesting to seismic
tomographer s because they don't penetrate deep inside the Earth.



The surface waves (Love and Rayleigh waves) are the other, often lar ger, waves

mar ked on the seismogram. They have a lower frequency, which meansthat waves
(thelines; the ups-and-downs) are more spread out. Surface wavestravel alittle
slower than Swaves (which, in turn, are slower than P waves) so they tend toarrive
at the seismograph just after the S waves.

For shallow earthquakes (earthquakes with a focus near the surface of the earth),
the surface waves may be the largest wavesrecorded by the seismograph. Often
they are the only wavesrecorded a long distance from medium-sized earthquakes.



The acceleration time histories of the Loma Prieta 1989 earthquake in Oakland, California. These
two instruments were 21.8 and 22.8 km from the epicenter respectively.



Each seismogram (LHT, LHR and L RZ) shows something different. L means" long period"
which typically refersto a sampling rate of one measurement of Earth displacement per second.
H means " high gain" which meanstheinstrument isnot intended to be placed in the
neighborhood of active faults.
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Thegraph shows
seismographs from three
stations located at different
distances from an
earthquake.

It isobviousthat seismic
wavestake longer to arrive
at stationsthat are farther
away. By dividing the change
in distance by the changein
time, which isequal to the
slope of theline connecting
arrivals, one can deter mine
the average velocity of a
wave.

Variationsin the type of rock
through which the waves
travel areillustrated by
variationsin slope, thus
variationsin velocity.



Basic Principles of | nstrument s Used to Measure Vibrations.

Thefigure below shows a simple arrangement for an instrument that could measure
thevibrations of a foundation-soil system. Notice that the system consists of all the

elementswe developed before: mass, spring and dashpot, all mounted on a base that
vibrates. Theinstrument monitorsthe relative motion of the mass m with respect to

thevibrating base.



Assume that the motion of the ba se can be given by,
z =7 snwt

and the motion of themassmiis,

Z =7 snwm

therefore, the differential equation of motion for the massis,
mz +c(z - z)+k(z -z)=0

In order tosimplify,let z-z=z and z -z =z
therefore,

mz+cz+kz=mw’Z sinut

A solution similar to past analyses,
z=Zcos(mt+a)

where,

7 = mw'Z and a=tan k- mw/

\/(k- m|/1/2)2+(cw)2 W




mw'zZ
\/(k - m|/|/2)2 +(c:W)2

Z (wiw,)’ b’

Rearranging Z =

7 2 2
J i) a0 (wi ) (o 0% +(200)
Usually the natural frequency w, of theinstrument is small, and therefore
w! w, is goingtobel arge. For most valuesof D thevalueof Z / Z isabout 1.
Under these conditions the instrument works as a velocity monitor .

Alternatively,
Z 1
»

w2 Wj\/ 1- (wiw,)’ 2+4D2(W/ w,)’

0, Zu wZ whichistheabsolute acceleration of thevibrating base.
Therefore, now the instrument isan acceleration pickup.

= constant

1
w,




Displacement responseratio for a SDOF system subject to ssmple harmonic motion.



Acceleration responseratio for a SDOF system subject to ssmple har monic motion.
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