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The first seismograph was invented in 132 
A.D. by the Chinese astronomer and 
mathematician Chang Heng. He called it an 
" ear thquake weathercock.“  Each of the 
eight dragons had a bronze ball in its 
mouth. Whenever there was even a slight 
ear th tremor, a mechanism inside the 
seismograph would open the mouth of one 
dragon. The bronze ball would fall into the 
open mouth of one of the toads, making 
enough noise to aler t someone that an 
ear thquake had just happened. Imper ial 
watchman could tell which direction the 
ear thquake came from by seeing which 
dragon's mouth was empty.

In 136 A.D. a Chinese scientist named 
Choke updated this meter and called it a 
" seismoscope."  Columns of a viscous liquid 
were used in place of metal balls. The 
height to which the liquid was washed up 
the side of the vessel indicated the intensity 
and a line joining the points of maximum 
motion also denoted the direction of the 
tremor.





As it moves, the instrument records displacements of case relative to the mass as they change 
with time. The record is known as a seismogram.



Seismographs are the pr incipal 
instruments of the researchers 
who study ear thquakes and those 
who map the Ear th's inside.

The Ear th's motion dur ing an 
ear thquake is measured in terms 
of its movement relative to some 
object that remains independent 
of the ground motion.

In a seismograph, this object is a 
seismometer which consists of a 
mass suspended on spr ings within 
a case. Dur ing an ear thquake the 
mass remains still while the 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” ), Tr illium Comp act combines the super ior per formance of a broadband seismometer 
with the installation convenience of a rugged geophone. The instrument incorporates a symmetr ic 
tr iaxial force feedback sensor with a response flat to velocity from 120 seconds to 100 Hz. 
Scientists no longer need to compromise on per formance in applications demanding small, highly 
por table seismometers. Bandwidth -3 dB points at 120 s and 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 center ing 
required.



The  Nanometr ics Titan is a force balance 
accelerometer providing exceptional 
per formance over a wide frequency range 
from DC to 225 Hz. The Titan is aimed at 
higher precision strong motion and 
structural monitor ing applications, where 
scientists and engineers require 
exceptional dynamic range combined with 
ultra-low self-noise per formance 
comparable to that of some broadband 
seismometers.

The Titan is the first accelerometer to 
incorporate digitally selectable full scale incorporate digitally selectable full scale 
range and offset zeroing capabilities. 
These features make it ideal for 
applications where the instruments are 
difficult to access or where site visits need 
to be kept to a minimum. The tr i-axial 
sensor and electronics are housed in a 
rugged, compact aluminum case featur ing 
a single bolt anchor ing slot, adjustable 
leveling screws and an integrated bubble 
level.



Map of IRIS/IDA (Incorporated Research Institutions for Seismology/ International Deployment 
of Accelerometers) seismograph stations across the globe. In GREEN: IDA 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 is a seismograph whose output is propor tional to ground 
acceleration (in compar ison to the usual seismograph whose output is propor tional to 
ground velocity). Accelerographs are typically used as instruments designed to record 
very strong ground motion useful in engineer ing design; seismographs commonly 
record off scale in these circumstances. Normally, strong motion instruments do not 
record unless tr iggered by strong ground motion.

Seismogram:

A seismogram is a graph that shows the motion of the ground versus time. 
Seismograms are the records (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 there is NO EQ reading there is just a straight line except for 
small wiggles caused by local disturbance or " noise"  and the time markers.



Seismograph.

A seismograph is a sensitive instrument that can detect, amplify, and record ground 
vibrations too small to be perceived by human beings. Seismographs are instruments 
used to record the motion of the ground dur ing an EQ--installed in the ground 
throughout the wor ld and operate as seismographic network. The first one was 
developed in 1890. The ear liest " seismoscope"  was invented by the Chinese 
philosopher Chang Heng in A.D. 132. This did not record ear thquakes, however. I t 
only indicated that there was one occurr ing. A seismograph is securely mounted onto 
the sur face of the ear th so that when the ear th shakes, the entire unit shakes with it, 
EXCEPT for the mass on the spr ing which has iner tia, and remains in the same 
place. As the seismograph shakes under (in the example below) the mass, the place. As the seismograph shakes under (in the example below) the mass, the 
recording device on the mass records the relative motion between itself and the rest 
of the instrument, thus recording the ground motion. In reality, these mechanisms 
are no longer manual, but instead work by measur ing electronic changes produced 
by the motion of the ground with respect to the mass.

Seismometer.

A seismometer is the internal par t of the seismograph, which may be a pendulum or 
a mass mounted on a spr ing; however, it is often used synonymously with 
" seismograph" . 



When you look at a seismogram, the wiggly lines are all the seismic waves that the 
seismograph has recorded. 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 things that 
cause some shaking of the seismograph. There may also be some little dots or marks 
evenly spaced along the paper. These are marks for every minute that the drum of 
the seismograph has been turning. How far apar t these minute marks are will 
depend on what kind of seismograph you have.



P WAVES: compressive waves, longitudinal waves; 1st to ar r ive at seismic stations, 
travel at 1.5-8 km/sec in the Ear th's crust; shake the ground in the direction they are 
propagating or travel through the Ear th's core.

S WAVES: shear waves, 2nd to ar r ive 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 Ear th's outer 
core).



The P wave will be the first wiggle 
that is bigger than the rest of the 
little ones (the microseisms). 
Because P waves are the fastest 
seismic waves, they will usually be 
the first ones that your seismograph 
records. 

The next set of seismic waves on 
your seismogram will be the S 
waves. These are usually bigger 
than the P waves. I f there aren't any 
S waves marked on your S waves marked on your 
seismogram, it probably means the 
ear thquake happened on the other 
side of the planet. S waves can't 
travel through the liquid layers of 
the ear th so these waves never made 
it to your seismograph.





Earthquakes generate three types of seismic waves: P (pr imary) waves, S (secondary) waves and 
sur face waves, which ar r ive at seismic recording stations one after another. Both P and S waves 
penetrate the inter ior of the Ear th while sur face waves do not. Due to this, P and S waves are 

known as " body waves" . Sur face waves arr ive last and are the least interesting to seismic 
tomographers because they don't penetrate deep inside the Ear th.



The sur face waves (Loveand Rayleigh waves) are the other, often larger, waves 
marked on the seismogram. They have a lower frequency, which means that waves 
(the lines; the ups-and-downs) are more spread out. Sur face waves travel a little 
slower than S waves (which, in turn, are slower than P waves) so they tend to ar r ive 
at the seismograph just after the S waves. 

For shallow ear thquakes (ear thquakes with a focus near the sur face of the ear th), 
the sur face waves may be the largest waves recorded by the seismograph. Often 
they are the only waves recorded a long distance from medium-sized ear thquakes.



The acceleration time histor ies of the Loma Pr ieta 1989 ear thquake in Oakland, California. These 
two instruments were 21.8 and 22.8 km from the epicenter respectively.



Each seismogram (LHT, LHR and LRZ) shows something different. L means " long per iod"  
which typically refers to a sampling rate of one measurement of Ear th displacement per second. 

H means " high gain"  which means the instrument is not intended to be placed in the 
neighborhood of active faults.



The graph shows 
seismographs from three 
stations located at different 
distances from an 
ear thquake. 

I t is obvious that seismic 
waves take longer to ar r ive 
at stations that are far ther 
away. By dividing the change 
in distance by the change in 
time, which is equal to the 
slope of the line connecting slope of the line connecting 
ar r ivals, one can determine 
the average velocity of a 
wave. 

Var iations in the type of rock 
through which the waves 
travel are illustrated by 
var iations in slope, thus 
var iations in velocity.



Basic Principles of Instrument s Used  to Measure Vibrations.

The figure below shows a simple ar rangement for an instrument that could measure 
the vibrations of a foundation-soil system. Notice that the system consists of all the 
elements we developed before: mass, spr ing and dashpot, all mounted on a base that 
vibrates. The instrument monitors the relative motion of the mass m with respect to 
the vibrating base. 
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Assume that the motion of theba secan be given by,
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and the motion of the massm is,
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therefore, thedifferential equation of motion for the mass is,

mz c( z z ) k( z z )

In order to simplify, let z z z and z

wwww

wwww

=

=

+ - + - =

- =

�� � �

�" 'z z

therefore,

- =� �

( ) ( )

2

2 2
1

2 22

'

'

therefore,

mz cz kz m Z sin t

A solution similar to past analyses,

z Z cos( t )

where,
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so, Z Z which is theabsoluteacceleration of thevibrating base.
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Displacement response ratio for a SDOF system subject to simple harmonic motion.



Acceleration response ratio for a SDOF system subject to simple harmonic motion.
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