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Aﬁjiaaaizmw af %@i&m@gr&%@g. == The modern

station selwmosraph, which provides the writben record of
sarbhguakes and earth ?i%?&ii@ﬁ%gyi% & cwmpley device and
has Leen the subject of extensive theoretionl and experi-
@%ﬂﬁ&l resnarch, This i pri ncipally due to its impertance
ia purely selentifls studies. ‘These atudies inelude the
meamurgnent and identification of the various modes of
p?%ﬁaﬁﬁﬁiaf %r?mgi@ﬂt earthquake waves in the earbh and
the é@%%; the d@i@?@iﬂ&ﬁi@ﬁ of earthquake foel! the nabure
and origln of microssismic vibrations in the earth? and
vhe evaluabion of the phyelesl snd peolesiesl congtitution
T the earthfs erust and interior,

The transportable so Asnograph s also of selentifle
Inporbonos &ar the 1@9& zed delineation of zenlogiesl
stractures dn the erust of the earth and atudiea of over-
burdeas sueh as glaclers. Tae econonie iﬁp@wtaﬁa@ ol this
type of essismogreph in the exvloration for oil snd obher
posaible ain@yﬁimh@ﬁriﬁg gpoaolosical sﬁragt&r@&, and in
sleilar enpineering applieations, is of eourse wall knawa.

At the @?@%ﬁﬁﬁ tdme {(1949) these iﬂﬁtrum@ﬂﬁﬁ have

alse becone iﬁ?ﬁf%@ﬁi in matters of national defonse and



diplonacy. iselosures’ in the press 1@%13%@@ thatb
geissopraphs have been included in the arrvay of lnstruments
for the survelllsace and debeciion of maremade "mtomis”
‘@xgiaﬁi@mg by forelan powWers,

Finally, the technigue of measurement ol wevhanie
eal vibravions in arbifisiel shructured s yehicles, ships
and airplanpe, is of extreme iﬁgwr%aﬁﬁ@ in technalogy.

The devices ubilized in these sppliecabicns are variously
identified as aceeloromsiers op vibratlon nebers) Logether
with their assoclated yvecupding medhanlens, %ﬁﬁy wre in

many cases enblrely snalogous to saimmosraphs. In Ghe.

@

interest of sonciseness, mention will be made ﬁ%ﬂé@fﬁrﬁh
only of seiswnographs. Ib 43 %o be undersiood thal the .
discussions will also @@r%aih in most iﬁ&%ﬁﬁ&%@‘t&
vibrographs unless &@ﬁiﬁi%@ly ghated otherwise.

The Meed for Testing Pelsuopraphs. == In all the

instruments previcusly menbioned, the data ovbained are a

weitben ontpubl record as 2 precise Dunctlon of Lims.

Fince the true mavements of the garth ﬂf"%ya#tur@, 1y

the exact time of arrival of wavelels, are the deslred

data in most applications, it i@ mé@aaﬁaryA%@ deduce this
iﬂf@ém&%i@n from the wribtien record, It fﬁll@@ﬁ@ therefore,
that the funcbional relationship @&%ﬁ%ﬁn the actual inpub

vibrations and the written cubpubt regord is of Tundmaantal

© *gge for example "U.d. Uetects Atoale flast in
fussia”, Life, Volume 27, Humber 1ly, Ushober 3, 1949, pps 17=21,
b L8, ] s ? » PP
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jmporbance and must be preeisely determined. This relations
ghip 18 a measurs of the deviatdon in the redorded

gotanorram from the brue soblous, and sleo a measvrs of Lhe

ime delay in the vegording appsvabus belween the true
srrival times of wavelebs and the recorded evenb,

This fungbional relationship way be derived on
theovebieal prounde, 17 the physloal systen is suffieiently
simplified, Under ‘these conditiens, the response of the

arh to dmpressed feorces and mobions may be compubed)

'%h@ converse 1s é&&@ possible buﬁ'mn&ﬁ m@rﬁ‘ﬁiffi@alt.g

There ls, however, no guaprantee that bths mabhew
matioal &ﬁalygia will bé valid for any plven physlesl ap-
parabus, Hecourse Lo a physieal measursment is therefore
ultimabely vequired to valldsbe theoretical expectations
for any epacified im%tru%&n@a.

f@?ﬁh@rﬁ@réﬁ axperience with even the simplest of
physlesl deviees of precision demonetretes the a@vi@;
ability of a standapdizing tesb procedurs. The rellabllity
of the reasding of as simple a device as a mloromeber, for
exanple, 1s g?%%@l?-@ﬁh%ﬂ@&ﬂ hy'bh@ availability of a
-ghandard page bloek, For %ﬁ% infinltely mopre aé@pl@x

selsmopraph, a slandardizing test is doubly necessary.

Ahse, for instance, br. Florence Hobertson, "4
Hathomatiesl Analyvais of Humerleal Integration and its
Application to Blectrumagneble Selsmograns (Fh, D,
disgerbation, lept, of Osophysies, faint Louls Unlverasity, 1945).
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To som up, methods of testing seissographs are
wesefuls (1) bo determine or v&lid&ﬁ% the funebional
relation betwesn impressad Torces or actiona, and the
seismograph recordy (2) te evaluate the workinz “con-
shants” used in the mathemabical analysla of the physiesl
sysheny  and {3) o provide a standard of conparison for

rapidly asvertaining the operational stabus of the deviee,

‘ﬁaiam@gﬁayh f@%@igﬁ,?ﬁéﬁ%§quﬁag == The techniques
of besbing seisnoprarhs’ may be placed broadly in two
eatogories, depending uwpon whebhey the %@i%ﬁ@%&@&?lfﬁamam
work and maviﬁg mass or pondulum is rlzidliy sounted vpon a
pler or, the Tramework 18 moveable amdym@y ba ?lﬁc&dv
upon 2 besbing appesretus koowm as g 'shaking” table or
platform. Tesbs have been devised f@r woth eatezories
which previde translent maﬁiaﬂﬁ and sustained mobtlonn,

It is clear thabt testlng technigues in bhe Mirst

eategory produce notlons of the gelsmometer mass ox

ndalug relative to the Lixed framework of the selew
nopeter frasework and pler, In the second eategory, the

palsaomebter Ivasework ils set igbo wobisn, aad this in
At -4

turn influences the selsmomeler sprung mass or pendulum
into a resultant motion, In bobh methods, the relative
moblon between the selssomeber maps or pendulum and the

selsmometer framework serves Lo asctuate the recording (or

ror n 1ist of references on the testing of selmmoe
graphs, see Jechion 2 of the Bibliography.
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indieat Aiﬂ%} mochandlen, Since earthquakes are irresistible
movenmanbs of the earth’s surface and obiects abimehed
thareto, it is clear iﬁaﬁ.t&@ use of the movine platfors
eategory of test mgr@.ﬁlaé@ly simulates the actusl
operation of thae davices,

ﬁh@ @ﬁ%@@n& of permanently mounited seismos yﬁﬁhﬁ

a

may be performed by inject

# mlnute duanbiby of energy
inte the physieal svebem which will reault in a moblon of
the suspended @ﬁ%% @r'gﬁné%lumg and actuate bthe r@ﬁ@rﬁing
mechanisn, ”hi@ is a vunvani@m@ @@ﬁﬁaa, particularly if
the ﬁﬁ%@iﬂ% of the d@?ﬁﬁ@ ean h@ varied over wide 1limits,
and furnishes a weans whereby many of the intrinsic
"constants” of the device may bo deduced, For bhie bype
of test, reference may be mode to Gelitsyn él,%), and
Hacelwane® and Sﬁ&gm‘£3.3$}.

For selsmographs provided with galvanometrie
regletration, the additien of a mechanical , or preferably
optieal, lever @y@t%m will provide a means of deternining
the selsnomeber parameters when the electromagnetie eoil
gyetem le energized hy'a sultable oseillator or source of
electrorotive fores of variable Treguaency. This is
similar to the precedure followed in palibrating the
galvanoneber recorder associsted with the selsscmeter and
has been described briefly by Hed Land {(2.9)

Finally, it is possible to deduce the seisaometer

Aumbers in parenthesss are bibllozrarhical references
in the seetlione indicated by the lesdins digit of the symbol.
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and galvancmeber “constants™ by means of purely electrical
taste, using an im@aﬁam&@yﬁridg@ measurenent of whab g
knoem ag the sobional impedance. 7This 1o 8 mebhod whieh
may be adapbed {rom technigues originally vesed by

Fennelly (L&) and more vecently by loodwin {he2) and
giibert {(Le8) in work on permanentemapnet , movable-coil
insbruments. |

whilé these bechunlquea in the first catezory are
in many ways very uselul in practice, parbicularly due to
thedr sluplleity, bhey ars nob entirsly sabtisfaciory because
of th&i% i@fl@xibiliﬁy¢ and the lisited informatlon they
usually provide,

the superierlby of the moving plabtiorn or shaking
Lable technlgues of tedbing %@iﬁ@@%?&?ﬁ&’%&% vevognised
very savly in the developmant of the science of
selemopraphy, a8 will be seon from the historieal survey
in the next chapler. ’

The vesearch described in bhis dissertabion was
dirscted bowards i@prmviég the versatiliby and exvending
the selentific usefulness of mechanieal oseillators or
ghaking tables Tor testing selsaographs and vibregraphs.
fhe complete btransient tesbing trensduser or shaking table
deviged @n& eonstrugted during the course of this research
ig illesbrated in Figure 1. |

The exach objectives and the resulis achloved in
this r%&éargh will be wmore clearly undershood frw& the

paraspecbive of the historical develommend of thase devices,
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in exaelh sbabenant of the objechbives ia therefove defeyred
anbil after the sections on the hisborieal survey and the

8

prief swmmary ol the puesible classifieations of shaking

tables.




