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Instruments used in the Study.

The linedr strain seismograph end its action hsas
been dfscribed by Benioff (1). Essentially the instrument
consiéts of two piers 20 meters apart in a north-south
direction. A rod'is connected rigidly to the southern
pier and extends t0 within a short distasnce of the northern
one. At equal intervels along the rod ere supports which
permit only longitudinel movement of the rod. Attached
to the northern pier is an electromechanical transducer (2).
The rod is insulsted with asbestos, and the whole instrument
is placed in a long insuleted tube to reduce temperature
effects on the rod.

An incoming wave from an earthquale produces a varisation
in the separation of the piers,which causes a change in
the sepasrstion of the free end of the rod and the northern
pier. This sets up an induced e.m.f. in the transducer
proportionasl to the velocity with which the displacement
tskes place. The induced e.m.f. activates a gelvanometer,
the deflection of which is recorded photogrephically.

There 1is no damping on the rod, soO that it behaves

essentially as a rigid body (1). Its period is approximately
0.014 seconds. The period of the galvanometer can be
veried at will. By using the transducer one or more gal-

venometers can be run from the same instrument, thus making

it possible to record with both a long period and short



period gelvanometer simultaneously.

The pendulum instruments recording varied somewhat,
but in general consisted of Eest-West and North-South
short period Wood~-Anderson Torsion seismometers; long
period East-West and bhorth-South seismometers either of
Wood- Anderson or Benioff types; and long and short period
verticsl torsion or Benioff seismographs. In addition a
strong motion seismograph &nd occasionally other experi-

mental instruments were recording.

Shocks Studied

For this investigetion it was though best to use
records of shocks which would meke the characterisfics
of the instruments stand out. For this reason shocks
were selected having directions of focﬁs as nearly
perellel, at right angles, and st 45° to the eaxls of the
striin seismograph as possible, and yet have sharp impulses.
Those shocks which best satisfied these cdnditions were

the following:

Shock Date A Approx. Dir.
o Shock
Psnema 7-17-34 420 S 450 E
Baffin Bay 11-20-34 46° N 450 E
Japan B- 2-33 759 N 45° W
New Guinea 09-19-35 104° W
India : 1-15-34 115° N 45° w
Beluchésten 8-30-35  117° N 450 W
Sumeatrea 12-27-35 135° N 45° W

In sddition various other records were more briefly examined

both of distant and locsl shocks.



Response Characteristics

Longitudinal Waves.

The response of the strain seismograph for P-waves
is maximum when the direction from the shock to the station 1is
parallel to the axis of the instrument, and & minimum when at
right angles. Thus there are two directions of maximum, and two
directions of minimum response. This is the same type of response
as given By a pendulum instrument except that for the strain in-
strument the response 1is identicel for'shocks originating 180°
spart, while for pendqgum instruments the response 1s reversed
in direction.

The incoming waves from the New Guinesa shock of 1935 arrived
almost at right angles to the axis of the otraln instrument. Here
the early part of the. record does not have cheracter, alﬁhoagh
it shows distrubance. ¥No sharp impulses are found. Small am=-
plitude waves are slso found on the shorter period pendulum North-
South instrument, but are not as sharp as on the strain. This is
largeiy due to the poorer focus of the light beam and lower
sensitivity. On the East-West instruments the impulses come 1n
much more distinctly than on any of the North-South instruments.
The East-West seismographs are all shorter period instruments than
the strain seismograph so possibly would record the shorter period
P-weves better. The short period torsion East-West and North-
South instruments have nesarly the same characteristics and
these show but little difference in amplitude of the recorded waves
slthough there is more character to the East-West torsion record
than the North-South one.

The other shocks make directions of sbout 45° to the axés

of the instruments. They &1l showed about equal
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response on the North-South and East-West torsion and
pendulum instruments, and good strength on the strain
instrument. This is true even for the more distent shocks
where the angle of emergence becomes greater eand the
horizontal component less. There iz, of course, a decrease
in amplitude with this increasing distance, therefore the
more distant shocks neturally become less strong than

those with a closer epicenter,

If the charscteristics of the verticel, north-south,
and east-west seismographs are nearly the same, then by
tsking the ratio of the amplitudes and the direction of
movement,the direction of the shock can be determined.

The strain seismograph can likewise be used with the east-
west and north-south pendulum selsmogrephs to
determine the direction of the focus. The rstio of the
amplitudes and direction of displacement on the normal
seismogrephs gives the directiop the earth is moving slong
the 1line which joins the epicenter with the station.

It does not tell on Whi;h end of the line the shock occurs.
‘he strain instrument records compression and dilafation
of the earth. lherefore, by determining which occurs in
the initiel vhase on the strain selsmograph and comparing
with the . - pendulum instruments, the direction

of the focus can be determined.

This‘analysis of ground movement can also be applied
to other emerging phases, but only when the instruments
have become essentielly wuiet, or‘when the emergihg phease
is sharp enough,éo as not to be altered greatly by other

3 ‘ L3 + a -
minor movements of the 1ns§pment. A comparison of differ-



ent shocks that have sharply recorded components shows that
the response of the strain and pendulum instruments can
thus be correlated if instrument chsaracteristics are

similer enough.

Transverse Waves.

Uniike the pendulum seismometers which have their
maxiumum response when the direction of propagetion of
the wave 1s perpend¥*vulsar to the instrument orientation,
and minimum response when they are parsllel, the strain
gseismogreph has its maximum response when the direction
of wave propagétion and axis of the instrument are at
45° to each other., This gives four directions of maximum
and four of minimum response, the four of minimum response
being parallel and perpendicular to the direction of
wave propagstion. (1)

In general, the response to‘the S=-waves for the strain
seismograph is complicated and needs caution in interrcreting.
By the time the S-waves arrive, the instrument is in a
disturbed state and interference may seriously influence
the appearsnce of the wave as it is recorded. Besides
the directioconal effect, there is the effect of the plane
in which the wave is vibrating. A transverse wave that
is vibrating in a vertical plane will produce the same
effect on the horizontal strain instrument as a longitudinal
wave traveling the same direction but the angle of incidence
rotated 90°. However, if conditions are favorable on
the north-south strain seismometer, and there is & component

of motion
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6
of the ground in the north-south direction, then the strain
instrument will record this ags a dilatation or compression.

As mentioned earlier, the New Guinea earthquake has
a focus nearly due west of Pasadena, and as & result should
record no S-waves on the strain seismograph. As with the
later P-waves, S-waves are recorded but are much weaker
than those recorded from shocks which make a direction of
about 45° to the axis of the instrument. The north~south
pendulum instrument“fecords these waves clearly. The
. exphkanation for this recording of both the P- and S~ waves
on the strain instrument probably lies in the fact that
the shock did not originate due west of Pasadeng, so had
a slight north-south component, or motion of the instrumentis

not due to north-south motion of the ground.

Surface Waves,

Since the Love and Rayleigh waves are propagated at
the surface of the ground, the motion of the surface of
the ground is the true motion,with no distortion &s is
fouhd in the ground motion due to the angle of incidence
of the P- and S- waves. Thus the instruments give a true
picture of the wave for the surface waves.

The Rayleigh waves travel slower than the Love waves.
The moticn of & particle is elliptic and retrograde with
the major axis of.motion usﬁally vertical. The retio of
the vertical amplitude to thevhofizontal amplitude of motion
is about three to two, aﬁd there should be no component of
motion making sn angle with the direction of propagation.

The Love waves travel faster than the Rayleigh waves,



and have as a limit the velocity of the S~-waves. The form
is that of & shear wave which lies in the horizontel plane.
Theoretically they should have no vertical component,
however, they commonly have a small one similar to the smsll
component perpendi;ular to the direction of propagation

for the Rayleigh waves (3).

On pendulum instrument records, the surface waves
are distinguished by this difference in strength of
vertical components.

On the strain inStrument, especially the one recording
with the long period galvanometer, all surface waves &re
well recorded no matter from what direction they originste.
Sirce the verticallcomponent is dominant for the Rayleigh
wgves they tend to be recorded with far less amplitude than
the Love wsves. The Reyleigh waves act similar to longil-
tudinal waves so far as response characteristics on the
strain selsmograph are concerned. The Love waves, on
the other hand, have a response on the strain seismograph
similer to the transverse waves with the same directional
charszcteristics.

Since the surface waves have a resnonse on the strain
seismograph similar to that given by the P- &nd S~ waves,
by using shocks which had surface waves which had traveled
around both arcs of the earth a check on the theoretical
directional response was hoped for. #ost of the shocks
did not record the waves traveliﬁg both directions or else
other distﬁrbing fectors mede comperison impossible. On
the Bgluchistan record the strain and penduvlum instruments

gave records which were 180°'but of phasé; e.1. when the

pendulum moved north or up, the strein instriment moved
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Pert of seismogream of Baluchestan earthquake of Mey 30, 1935
(a = 117°). & and ¢ retorded by short period N - § torsion
selsmogreph (T. = 0.8 sec.), and b and B recorded by short period
strein seismogfeph (Tg = 0.014 sec., Tg = 1.5 sec.). a end b
represent surface waves traveling around the short arc {arriving
from NW) which are 180° out of phase’, end ¢ and ¢ ere the same
waves (?7) traveling around the long sarc (erriving from SE)
which are in phase. Por
e+ Tracings start at 14h 39m 20s,with a timing correction of
-15_seconds. Bresks are minute merks. ¢ and d tracings start
et 15h 51m 00s P.S.T. with the same timing correction. :
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Part of selsmogram of Panesma earthquake of July 17, 1934
(a = 42°), recorded by long period N - S Benioff seisriograph
(To = 0.5 sec., Tg = 13 sec.) and b recorded by short period strain
seismograph (T, = 0.014 sec., Ty = 1.5 sec.). These are surface
waves arriving from the SE and Zre’in phasel! The record for the
long veriod strain (T, = 28 sec.) is identical with that for the
short period strain f%r these waves.

Tracing starts at 18h 32m 00s P.S.T. with a timing
correction of -24 seconds. Breaks are minute msrks.



down indicating a dilatation, when traveling along the
shorter arc, and "in phase" when traveling along the longer
arc. This was also true of the India earthquake. The o~
rétically the pendulum instrument has reversed direction
of response and the strain instrument remained the same,
but difficulty in positively identifying corresponding
surface waves mekes proof difficult. There is also the
possibility that the waves on opposite sides of the epi-
center may not have been in phase in the first place.
Surface waves from the Japanese earthquake were not
recorded on the torsion and pendulum instruments around
both ércs, but’on the strain instrument le and preceeding
waves are found. The waves as they come through Pasadena
épparently caused the same direction of movement of the

strain instrument each time.

Locel Shocks.

The strain séismograph with the long period galvano-
meter is insensitive to the short period waves found in
a local shock, but when it 1s equipred to record with a
sport period galvanometer, it records the short period
waves fully as well as & pendulum instrument of short

period.

General Observations.

If a long period galvanométer is used for recording,
the strain instrument is very usefull for the study of the

long surfsce waves. As indicated before, on the 1933



Japenese records from the strgin instrument Wpy waves
were recorded with good amplitude, but these did not show
up at all on the pendulum instruments. By using the
electromechanical transducer a short period galvanometer
can be run from the same instrument and thus the shorter
period waves can be recorded also With great sensitivity.
The Panema shock showed that even with a short period
galvanometer on the strain instrument the long period
waves could be recorded on it equally as well &s on a

-~
pendulum instrument ofsbout eight times its period.

Recommendations.

This study has brought out several possible improve-
ménts 1in the set up and recording of the instruments.

(1) Since much of the value of the strain séismograph
is derived from the accurate compsarison of its records
with those of the pendulum seismographs, a great improvement
would consist of hsving the strain instrument recording
directly ebove or below (on the same record) a pendulum
instrument of the same charscteristics.

(2) For the study of the short period waves, a short
period galvanometer recording one minute as 60 millimeters
is best, but for a study of the long periods, a long period
galvanometer recording one minute as 15 millimeters is
better than one minute as 60 millimeters.

(3) The instruments being ﬁsed to give components of
motion should have the same characteristics.

(4) An east-west strain instrument of type similar

to the north-south strain instrument would be very valusable
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in the study of the horizontal motion of the ground.
Likewise a vertical stfain seismograph for study of verticsal

strains would be a valusable aset in this work.

Conclusions.

The adventage of the strain seismograph over the
pendulum seismographs for the study of local shocks and
short period waves 1is little. Its most important use
is in the study of the longer period waves.

If s good‘vertical instrument were designed and built
together with an east-west strain instrument, then these
recording on both long and short period galyanometers
could be used more effectively than the normal seismo-
graphs in some cases.

In regions with as many seismological stations as
California, the additional information whith they give to
a single station would not repay the expense of building
end maintaining sucl a set of instruments in addition to
a get of pendulum instruments. For a specialized study of
waves, they would give certain additional information whichwea/d

be of importance.

In connection with the preparetion of this thesis
the writer takes pleasure in acknowledging the help and
advice received from Dr. B. Gutenberg, Dr. C. F. Richter,
and Dr. i. Benioff under whose direction this work was

conducted.
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DATA

Paname July 17, 1934
a = 420 Approx. Dir. from Pessdenas S 45° E
Pendulum Instruments J
Phese Time g-D>D B ~-W JIN=-S Strsein Kemarks
Gl m| s | Tg ] T2 | Ts] T2 ] Ts ] T1 | | Ts | 11
Pl 17} 44116 U U 7 W K| N [ fc C
P2 34 D? | D E B S S - ID D%
P, 4 Ju |v |8 | BL1fs | s || |c?| D? | Not sharp
P_4 45 {06 | D | D? || - E? f N | N % c C} Not distinct
PP b2 Wi{E E ST 8 D | D
PcP 46105 | D U E?| B74 St SL || &~ D Di
PPy? arlzs fue|uveffwy| - |- | & [[<f fo |cy
Feo 49158 [ D R OBl Y b > §C C
S, 50|34 D D ||we| wWej sS?| S o |ID
Sg? 20 ot |{Daajw | w s |st|® |- | D | Sharp
ScS 54133 - D - W2 S S I Sl - Pl " Sharp
Baffin Baye November 20, 1934
A=z 46° Approx.v Dir. from Pasadenas N 45° E
Pendulum Instrunents ‘ JJ
Phase Time U=-D E~-W N=~-3S Strain
hi m| s T, Tq Ty retion Ty R
P, 152057 | ©? W s |n c
Py 30{11 | - ¥ d ¢ | ot atstinct
PcP 31|25 D E S 'rs C? || Notodistinct
PP 31|54 U W s b C
PPP 32134 | D E N L D? [Btrain not sharp
P8 35|20 | - E 57 & D |
eS 36 |37 - E N t. D || Not shaprp
Scs 39 145 - - N t D%




New Guines September 19, 1935

4= 104° tpprox. Dir., from Pasadena: West
Pendulum Ingtruments
Phase Time ) E - W N-38 Strain Remarks
him|l s | Ty Ty Ty | Metiom T
oP 18|00 |23 U E N? | 25 [ ¢? [n-s & strain no
definite move-
. ment.
ePP’ 04|30 E - - - Do.
SKS 1123 - W s | § ¢ |Not sharp on
| : ) Strain
iptpt 2552 Ue. E N L D E-W not sharp
iPsS 14(05 “ D B N 18 D
India January 15, 1934
a= 118° Approx. Dir. from Pasadena: N 45° W
Pendulum.lnstruments
Phase Time U-D E-W N %« S Strain Remarks
hi m{ s T T Ty Motiou Ty
P |oo|57|44 || D - - c
PP fo1|03|08 U? E N L ¢ || Not sharp
B XY 12/47 || D E N 13 B
PPS ? )| |13[10 U E s o G
PS ? | : ‘
PPS 13| 21 U B S 134 B?
858 23 41 U we N -t D




December 27, 1935

Sumatrea
a = 135° At ot Approx. Dir. from Pasadena: N 45° W,
I Pendulum Instruments
Phsse Time U-D E - W N-S8 Strain Remsarks
hi m| s T1 Ty T ' Ty
( ipr. | i8[54]|48 D B L D N? on T
(Diffracted : i
-8
iPKS) b8| 22 D% B h C S on TS
PP ) t
1 SKSP ||/7|07] 34 D E? 0 D
u .
i PPS 09| 17 D W t C? Not sharp on
strain.
i 88 15 35 - = W c
1 ss88? 21| 28 U E C
Notes: Strain D = dilatation
C = compression
T{ = long period instrument
Ty = short period instrument

? Phase not sharp or @irection of movement uncertain.

! Phase sharp.



