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The Design of a scismometer for Local Earthquakes

INTRODUCTION

In the design of structures to withstand earthquakes it is
necessary to know or to make assumptions as to the magnitudes of the
forces involved. The static forces, those due to the weight of the
structure itself and to the load which it 1s called upon to sustain,
can be found r=zadily enough from the various Engeéncers Handbooks or
from the local Building Codes. The values obtained from these sources
have been tested by time and anyone using them has no doubt as to
their being adeguate for his purpose.

#nen 1t comes to the dyneamic loads, those produced by the
earthquake itself, an entirely different picture presents itself.
For instead of any well crganized, authentic body of information
regarding the forces of earthquakes, being available, there is no
place to which an engireer can turn for any reliaple information
of this nature. All that is left for him to do is to assume sone
arbitrary windload and nope that it will take care of actual
eartnguake conditions or else tc make an assumption as to the force
of any earthquake wihich the structure is likely to encounter.

Now that more and more attention is being directed to tae
design of structures to withstand earthquakes and to busing this
design on more than some unproved assumptions 1t is necessary that
there be some dependable tables of engineering information concerning
earthouakes which would be abailsble to all interested in the
subject and whicn could be used by one with the assurance that the

values present were at least accurate enough for engineering purposes.,

<



Some of the items which it would be important to know are:

1. haximum acceleration of earthquakes at the ground
surface.

2. Comparison of accelerations experienced by a structure
at different floor levels.

3. Comparison of accelerations experienced by structure
built on rock and those built upon alluvial soill.

Since an earthquake is a dynamic affair, the acceleration
produced can be taken as a measure of the force acting or of the
intensity of the snock. Thus if the acceleration of an earthquake
is known it is possible to have a rather definate idea as to the
intensity of the quake,

In order to ascertain tae values of tne accelerations
experienced with definiteness and accuracy it is necessary to resort
to instrumental measurements. Such an instrument is the seismograph
which records the motion of an earth particle during an earthquake.

Seismographs as developed for scientific purposes are quite
satisfactory and are yielding mucn information which is of inestimable
value in the determination of the structure of the earth. From
the viewpoint of the engineer, however, there are many drawbacks to
the present seismograph. It is a delicatg¢, costly, and complicated
instrument. Its installation requires great care and skill, and
its operation 1ls expensive and a severe draugnt upon the patience
of the observer. The probapility of securing from it a record of
an earthquake which is valuable to the engineer is usually vepy
small as most seismograpns are bulilt to record lignt quivers and a
severe or destructive shake, wanich i1s of much more engineering
interest, is apt to wreck the entire installation.

Gbserved data, in order to be most useful for study and



analysis ought to be numerous and well aistributed over the affected
areas. But seismograpnhic observations must, from their coétly,
complicated, snd exacting nature be very few and far bedsween. It

has therefore been necessary to resort to other means of securing the
desired data.

The method in use at the present time is to classify earthquakes
according to their effects upon persons and upon their distinctiveness.
Several scales of clsssification nave bsen brougnt out within the
last fifty years. Perhaps the one most generally accepted is the
Rossi-Forel Scale proposed by Professor di Rossi, of Rome in which
quakes are dividea into ten classes varying from very weak to
extremely strong. This scale is reproducea on page /2.

Professor Omori of the University of Tokio after a series
of tests involving the forces required to topple columns nas made
an attempt to classify shocks upon an absclute scale of accelerations
in sm/sec. His scale is shown on page /2 and a comparison of his
scale and the Kossi-Rorel on page /3.

Wnile these scales are to e commended as attempts at
classifying earthouakes, they fall far short of being accurate enougn
for engineering purposes and it is evident that we must rely upon
instrumental metnods for obtaining the desired knowledge. To be of
real service the instrument wmust fulfill the following requirements:

L. It must be effective over a great enough range to handle
all possible eartanquakes of engineering importance, which would
range from those just barely perceptible to those of the greatest
destructive force.

2. It must have an accuracy sufficient for engineering
purposes.

3. It must be simple in construction and require s minimum



of éttendance when in operation.

4. It must e cheap enocugh that installation can be made
throughout the entire country in sufficient number to give comprehensive
data upon any snocck that takes place and to give a record of the
variation in the accelerations experienced from place to place
witnhin any locality, such as from floor to floor in a building or
from one type of building to the next.

The design of an instrument winich will fulfill these

conditions is the purpose of tnis investigation.

STATEMENT OF PROBLEM

The problem undertaken in tnis thesis 1s that of designing
and perfecting a seismograph which will record the maximum acceleration
of local earthquakes; which will have a range from .00l "g" to "g",
and which can be produced for aovout twenty-five dollars.

The lower limit of sensitivity was set at .00l "g" as being
one which would be adcquate to record the slightest shock which
mignt be felt by the averapge individual. The upper limit was set
at "s" in order to handle the largest possible shock which might be
experienced.

The cost 1limit of about twenty-five dollars was thought to
be one which would make it poseible for the instrument to be
distributed in sufficient quantity to insure the securing
of sufficient data tc be of value. Of course it was realized that
the first model would cost many times the twenty-five dollars set
as a limit, but it was intended to try to perfect the design so tnat
when manufactured on a production basis the cost of the apparatus

would be within the specified limit.



PROCLDURIS

Upon undertaking this thesis tne assistance of Dr. Sinclair
Smith of the Carnegie Institute was proferred as was also the use ¢f
the egquipment of the Institute.

An attempt at the solution of the problem had already been
made by the Carnegle Institute and a model had been constructed.

This model was essentially the same as that shown on Plate 1I

with the exception of the indicating mechanism. When taken over this
mechanism consisted of the primary lever and the pointer which were
connected by means of a straight piece of wire. The changes made were;
to add a device by .wnich friction could be applied to the primary lever;
to substitute a coil spring connection for the straight wire connection
and to introduce oil damping on the pointer.

Some difficulty was experienced in obtaining the proper spring
to use as it was necessary to have a very light spring with an elastic
elongation of about 100%. Various attempts were made to produce
a spring whnich would be satisfactory using steel or tungsten wire
and wrapping 1t about différent sizes of mandrels. Tne most
successful seemed to be those made of tungsten wire .001 "or .0025"
in diameter wrapped around a wire .04" in diameter. .fter the
wrapping, the tungsten was heated in a flame until it became a cherry
red and then quenched in water. This treatment preserved the shape
of the spring after it was remcved from tne mandrel and permitted of
the high elongation required.

The indicator after the changes had been made is shown in
Plate I and the complete instrument as set up is snown on Plame II.

The purpose of the olil damoing was to prement the pcinter from

developing wmomentum whnich would carry it past its rightful position.



The friction was applied to the primary lever to enable it to
maintain its positition against the pull of the spring. The principle
of its operation 1s that the arm with the weight activates the
orimary lever which moves to 1its auvpropriate position and remains taere
by virtue of the friction on the sanaft. The spring is elongated and
put in a state of sutress whicn is removed by the slow motion of the
pointer through the damping oil which continues until all of the
stress has been removed from tne spring and the pointer nas reached
its rightful position. The pointer arm 1s balanced about the shaft
so that it will have no tenaancy for motion begause of the quake.

In order to test the seismograph as simply as possible it
was determined to apply various accelerations by applying different
forces to the weight arm. From the expression f=ma 1t is seen that
in order to apply different percentages of "g" acceleration to the
instrument it is necessary to apply a force of the same percent of
the weight of the arm and wéight to the weight arm. Thus for an
acceleration of .00l "g" it is necessary to apply a force equal to
.001 of the mass of the arm and welght combined.

To make it possible to avply an accurate;y measured force it
was decided to use calibrated springs. Three springs were obtained
and calibrated for elongation against force. The calibration curves
of these springs are snown on pages &/, 22,and 23.

In testing the seismograph the primary lever was so arranged
that 1t just rested against the welgnt arm at a point about .2 of its
length from the shaft. The force necessary to produce a
preditermined acceleration was applied to the arm and the deflection
of the pointer noted. In order to facilitate the transfer from
forces to accelerations a force acceleration curve was drawn which

is shown on pare 24,



Tests were just made using a spring of tungsten wire .0028
in diameter. The observed data of this test is shown in tabular
form on page 2% and in graphical form on page £6.
From the curve of deflections against accelerations it it
seen that an acceleration of .043 "g" is necessary to overcome friction
in the indicating mechanism. It is also seen that the apparatus
can not record one greater than .265 "g" without going off the
scale.
Since the instrument will not record accelerations less than
.043 "g" or more than .265 "g" the problem presents itself of
selecting a new arm which will respond to an acceleration of .001L "g"
and will handle all values up to "g¥
In order to accomplish this the work was organized as foliows:
1. Compute the normal deflection of the present spring arm
under a force of .043 g.
2. Compute the actual deflection of the arm.
3. Determine the difference in deflection due to the frictional
resistance of the pointer.
4. Determine the force of the frictional resistance.
5. Determine deflection of spring corresponding to deflection
of pointer of 1 mm.
6. Assume different spring sizes.
7. Calculate length and welignt for period of 1/6 sec.
8. Calculate force in grams for acceleration .00l g.
9. Determine normal deflection for .00l g.
10.Determine decrease in deflection due to friction.
11l.Determine actual deXflection of spring.

12.Determine actual deflection of pointer.



The develooment of the different formulas necessary in the
carrying out of the above program is shown on page /4 and the
determination of the mass required is shown on page /&

The calculated weight necessary, 45 lbs., was thought to be
too large for convenience, so another test was run on the seismograph
using a tungsten wire spring .00l in diameter in place of the .0025
in. spring used before. The results of this test are tabulated on
page 25 and are shown in graphical form on page £&.Upon calculating
the mass necessary to produce a deflection of 1 mm for an acceleration
of .0C1 g it is found that a weight of 25 1lbs will be required. This
work is shown on pagel7.

Since 25 1lbs seemed a recasonable weight to use, it was
decided to assume different sizes of arms and to calculate the
lengths and defleations. This work is shown in Plate I1I. The arm
selected as best meeting the requirements is 1/4 x 1 1/2 x 18 9/16
with the center of the mass 13 5/16 in from the suppert. The mass
is to consist of two cast iron weights each 5 in. diameter by 1 %1 /88
in high.

Wnen the deflection of the arm was computed for an
acceleration of "g" the value obtained, 0.371 in, was much too great
for the pointer to stay on the scale. Since the allowable deflection
of the pointer was known, the maximum permissable deflection of the
arm was found by assuming a value for the magnification of the
indicator from the curve on page Z0O.

The problem then presented 1tself of cutting down the
maximum deflection of the arm to such an amount as would keep the
pointer on the scale and at the same time to maintain the value of
deflection corresponding to an acceleration of .001 "g". The most

feasible wayv of doing this seemed to be in having some means by



which the effective length of the arm could be decreased at the

higher accelerations. The easiest way of accomplishing this

appeared to be in having two curved surfaces, one on either side of

the arm so arranged that as the amplitude of the motion increased,

the arm would bear upon the surface nearer to the mass, thus decreasing
its effective length. The calculations involved in selecting the proper
curvature for the two surfaces are shown on page /9 . From the
results of the calculations it appeared that it would be necessary to
have a radius of curvature of 4000 in. Since the production of such

a radius of curvature is beyond the realms of practical machine

work, this plan was abandoned as impracticgl.

An alternative idea was to allow the arm its full deflection
and to reconstruct the indicator mechanism to take care of this, In
order to make this change, it would be necessary to make the primary
lever longer on the side where it touched the arm and to arrange the
pointer so that it would be free to make several revclutions. A
graphical analysis of such an arrangement as shown on Plate IV
showed the scheme to be entirely satisfactory. By utilizing tuis
idea 1t was possible to draw up plans for a new instrument which
would fulfill the specified conditions. These plans are shown on
Plate V and the accompanying force acceleration curve on page £7.

Professor R.R. Martel of the California Institute of
Technology thougnt it would be well to draw up plans of another
intensity meter which would not attempt to cover such a wide range
as the one just mentioned but which would deal with accelerations
varying from about 1/20 "g" to 1/2 "g" and which would be even

simpler then the other. This sugpgestion was carried out and resulted
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in the design of a seismometer consisting of a horizontal pendulum

with a pencil at the end bearing upon a piece of paper. The displacement
of the pendulum and hence the length of the mark on the paper varies

from about 1/16 in. at an acceleration of 1/20 "¢" to 1 in. at an

n

acceleration of "g". The calculations of this design are shown on

page /7 and the plans on Plate VI

SUKENARY
The work done in the course of this thesis consists of:
1. Perfecting the design of a magnifying, indicator
mechanism.
2. Constructing and testing a seismograph.
3. Apolying the results of this test to the design of a new
seismograph which will fulfill the specified requirements.
4, Designing an additional seismograph of limited range and

simpler construction.
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ROSSI-TOREL SCALF OF EARTHQUAKE SHOCKS

T. Microseismic shock: recorded by a single seismograph or bv
cseismographs of the same model, but not by several seismograprhs
of different kinds; the shock felt by an experienced observer,

IT. Extremely feeble shock: recorded by several seismographs Of
different kinds, felt by a small number of persons at rest,

I77.Very feeble shock: felt by several versons at rest; strong
enough for the direction or duration to be appreciable.

IV, Teeble shock: felt by persons in motion; disturbance of
moveable objects, doors, windows, cracking of ceilings,

V. Shock of moderate intensitv: felt generally by everyone,
disturbance, furniture, beds, etc, ringing orf some bells,

VI, Talirly strong shock: general awakening of those asleep,
crereral ringing of bells, oscillation of chandeliers; stopping
of clocks; visible agitation of trees and shrubs; some startied
persoms leave their dwellings.

VII. Strong shock: overthrow of moveable objects, fall of plaster;
ringing of church bells; general panic, without damage tobuild-—
ings,

VIII., Verv strong shock: fall of chimneys, cracks in the walls
of buildings.

IX, Fstremelv strong shock: psrtisgl or total destruction of some
buildings.

X. Shock of extreme intensity: great disaster, ruins, disturbance
of the strata, figsures in the ground, rock-falls from mountains

OMORI'S ARBSOLUTE SCALE OF DESTRUCTIVE EARTHQUAKES

No,1l, Maximum acceleration = 300 mm, per sec, per sec, The
motion is sufficiently strong that people generally run out of
doors, Brick walls of bad construction are slightly cracked;
furniture overthrown; wooden houses s0 much shaken that cracking
noises are n»roduced; trees visibly shaken; waters in ponds rendered
slightly turbid in consequence of the disturbance of the mud;
pendulum clocks stopved; a few factory chimneys of very bad
construction damaged,

No, 2, Maximum acceleration =900 mm. per sec., per sec. Walls in
Japanese houses are cracked; old houses thrown slightly out of
the vertical; tombstones and stone-lanterns of bad construction
overturned, In a few cases changes are produced in hot springs
and mineral waters, Ordinary factory chimneys are not damaged.
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No. 3. Maximum acceleration =1200 mm, per sec, per sec. About
cne factory chimney in everv four is damaged; brick houses of bad
construction partially or totally destroyed; a few old wooden
dwelling-houses and warehouses totally destroyed; wooden bridges
slightly damaged; roof tiles of wooden houses disturbed; some
rock fragments thrown down from mountain sides,

No.4, Maximum acceleration =2000 mm, per sec. per sec, All
factory chimneys are broken; most cf the ordinary brick buildings
partially or totally destroyved; cracks two or three inches in
width produced in low and sorft grounds; embankments slightly
demaged here and there; wooden bridges partially destroyed.

No.5, Maximum acceleration = 2500 mm, ver sec. per sec. All
ordinary brieck houses are very severely damaged; about three per
cent of the wooden houges totally destroved; embankments severely
damaged; railway lines slightly curved or contoried; cracks one
or two feet in width produced along river banks; waters in rivers
and dAitches thrown cover the banks; wells mostly affected with
changes in their waters; landslips produced.

No.6. Maximum acceleration =4000 mm, per sec, per sec,Fifty to
eighty per cent of the wooden houses totally destroved; embank-
ments shattered almost to pieces; roads made through paddy fields
80 much cracked and depressed as to stop the passage of wagons
and horses; railroad lines very much contorted; large iron bridges
destroyed; wooden bridges partielly or totally destroyed; cracks
a few feet in width formed in the ground, accompanied sometimes
by the ejection of sand and water; low grounds, such as paddy-
fields, very greatly convulsed, both horizontally and vertically;
sometimes causing trees and vegetables to die; numerous land-slips
produced,

No,7,., Maximum acceleration much above 4000 mm, per sec., ner sec,
All buildings except a very few wooden houses are totally des-
troved; some houses, gates, etc., projected one to three feet;
remarkable landslips procduced, accompanied by faults and shears
of the ground,

COMPARISON OF SCALES

ABSOLUTE SCALL INTENSITY ROSSI-FOREL
ACCELFRATIONS SCALE

glight 1
2
Weak 3z
4
5
Strong 8
1-300 "y
2-200 Violent -
3-1200 8
4 2000 9
5—-2500 10
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DEVELOPMENT OF FORMULAE

t=7/ m Half period of Simple Harmonie Motion of cantilever
.f7d beam ( ¥irth & Buckinghem - Vibration in Engr. )
m = mass

f/4 = forece reauired for unit displacement

i i a - 3
t:ﬂ / mL3
31
By dimerisional reasoning:
m- FT% slugs E_-F lbs./ftf
L L%
4
I =1L feet4 L =L feet
T= /PT2I%L° - T Which checks,
T.FLA
fonverting the units:
m in 1lbs,.+ 32 =m in slugs =
E in 1bs,/in, x 144 =1bs, /f't]
I in in¥ % 20,736 = ©t7
L in in®+ 1728 = ft7
then
t _gr /mL” 20736 g )m L7
(22)(1728)(3)(E)(144)(I 1152FI
t- 7 /mL? for the half period
34V FI
t:_ggb/ﬁig for the whole period (1)
17V ¥1
Assumptions:
t=,166 ¥, =30,000,000
t%. 7* m from (I)
17*E]
3 z 2 z
L~ 17 1t EI (289)(.166 )EI _ 24,390,000 I

= —
—

Py

m qr2nm m

L = 290%/% (1II)
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3

a - Pl deflection of cantilever beam with concentrated load
3EI at the free end (RBoyd-Strength of Materials, pl48 )
17 = 24,590,000 I E = 30,000,000
m
4 . £4,%90,000PT = a7l P (I11)
(3)(30,000,000)Im m
Neflection due to acceleration of ,001*g"
w=_,001lm="P
ad=(.271)(.001)(m) = ,000271 in, (IV)
m
Deflection of pointer
Magnification assumed 500
Displacement assumed 1 mm,
Displacement of arm = L1 = ,0000787 in, per mm, oOf
(500)(2,54) rointer (V)
FORMULAF USED IN THErSELECTION OF THE ARM
Length to weight from support = 290§/£— (13)

m

Weight of arm - Length + 3 x wt from p49 Carnegie Pocket Oomp,

12
Period of arm- 7 /mL? _ ,1847 /mL?® (1)
17V ¥1 FI

Deflection of acceleratign
d=P(1l - 2)°(21l+a) (Rovd-Strength of laterials

6EI p149)
Deflection of friction
4= P17 ( Roydl — page 148)
3WT

Deflection of pointer - displacement of arm mm,
. 0000787
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COMPUTATION OF WEIGHT USING SPRING ,0025" in diam,

Assume that the weight arm makes contact with the primary
lever .2 of its length from the pivot. ¥rom the curve the mag-
nification is seen to be 500,

From tests the movement of the pointer corresponding to an
acceleration of ,073"g" is %,025 cm, The deflection of the arm
actuated by this force would be =deflection of pointer + magni-
fication,

Qince the weight arm changes its position relative to the
lever, we will assume an average magnification of 200,

Neflection of arm = 3,025 = .0151% cm, or ,00525 in,
200

Detflection of arm, no friction:

d = P(l—a)a(21+a)

6FI
1=6.687 8 = 2,437 E = 30,000,000
I = .0000053% P = 39g =.086 1ibs.

d = (.086)(4,75)((2)(6.687)-2.437) _ .0256 in,
(6)(30,000,000)(.00000533)

Difference in deflection AdAue to frictional resistance:
Diff., = ,0856-,00525 = ,01965 in,
Value of frictional resistance:

d= Pe? ; P _ ZRI4
3EI c?

P - (3)(30,000,000)(,00000533)(,01965)
6.6875%

- .0319 1bs,=14,5g

Check;
Trom curve, force to overcome friction = ,073"g" or 23g
Assume the force is applied at the center of gravitvy
Fguivalent force at end =(23)(425) =14.6 ¢,
6,6875

Deflention Aue to frietion from (ITI)

A= (,271)(.0319) — .00865 in.
m m

From(IV)deflection of acceleration = ,000271
Prom (V) displacement required = ,0000787
Ncrmal displ,-frictional disvl, = required displ,

.000271 - ,00865 = ,0000787
m

m(.000192%) = . 00865 m = 45 1bs.
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COMPUTATION O% WEIGHT USING SPRING ,001" IN DIAM,

From curve, force required to overcome friction equals ,01l54"g"
Which is 8,2 g, or .01806 1lbs,

Deflection due to acceleration = ,000271 in, from (IV)

From (ITI) deflection of friction = (,271)(.018068) = ,00489
m m

Prom (V) displacement required = ,0000787 in,
Normal defl,- defl, of friction = required derl,

.000871 - ,00488 = ,0000787
m

m = 25,45 1bhs,

CALCULATIONS WOR APPROXIMATE SEISMOMETER

Prom derivation of (II) L~= 24,390,000I when t = .166
m
For dAifferent values of T, 2
L7=24,390,000 I _t .
m ,1l66
Since the equation for the deflection, 4 = ,271 P is of the form
m
d= P17, the deflection for other values of t will be:
3FI

d=.271 P t°,
m, 166
Tor a force of l/2o"g" it is desirable to have a deflection of
.063 in, To eet this, let P in the above equation equal m/20,
substitute different values of t and solve for 4.

Values of 1 forresronding values of 4
.1658 .01355
.20 .01965
« 30 . 04425
.40 .0755

L = 515{/_1;

Assume frictional forece = 20g or ,0312 1bs,
defl. of Tfrietion =(1,51)(.0319) - ,L0482
m m

Assume necessary deflection equals ,083"

.0755-,0482 = ,063
m

m = 3,85 or sav 4 1lbs,
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L = 513{/f = 32531
Jﬁ_

Assume I = 18" éyf; i
223

Assume an srm 1/8" thick, then a width of 1—1/16" will be required
giving a moment of Inertia or ,0001733

I = .000174

Assune welghts 4" in diam, then length of the arm = 20 in,

= .,708 1bs,

Weight of arm = (,425)(20)

12
Moment of arm = (,708)(10) = 17.08
Moment oi weight = (4)(18) = 72,00
Total = 79,08

6.2, -~ ¥9.,08 _ 168"
4,708

Period = ,1847 /mL® - .1847 /(4.708)(16.8%)
FI (30,000,000)(,0001733)

DT

Il

Defl. for acceleration 1/20"g"

2
d-P(l-a)’(2L+a) _ (.235)(16.8)(43.2)
B8FI (180,000,000)(.0001733)

4 = ,0818 in,
Assume force of .0368 1lbs,

Nefl, of friction
.00944 in,

A - (,0268)(8000)
(180,000,000)(,0001733)

Vet deflection .0918
— ,.00944

08236 in., acceleration 1/20"g"

Net deflection acceleration 1/2"g"
= .918
- 00244

defd, .0918 x 10
.90856 1in,, accel.

1/2ngn



/9

d= g+ dy (-x) + P (1=x)?
ehx B 7

X= rSirn ¢

rarn ¢$= Sirr &

cos ¢

Lel o= rfotal deflecticn
D l= /er;g/h cf carrn
xy = pornt of ‘tangency
L
r = radivs of cwveture
Sind = X Ces ¢ = Y7 ~S/iF~F
r
X
X /—1 = - =
r F R e
e

y =r-rcosp =r(/-cosP) = r(1~Z=x% ) = r-7r==x*
'

od=r—9r*=x +_Xx_(2-x) + P%Z-XZ‘?
} £FE=K= vy
CALCULAT/ION OF CURVATURE
No.| r | x 2 P | rE-x2 [V rTxz  0-x | x (-x) PQ-;Z’ Y
37T e SE7

/ /C 5 | /12,9 |ovo/236 75 66 | 79| 4.5¢ |aoe6/ | 5 .96/
2| 2c |5 | /20 lavess| 375 /9.36 | 79 | 204 |0oe/ |2 74/
3 20 & /2.9 .&0&/2\96 336 /8. 33 —4,9 z2.24 |oo//75] 3. 52*
4 | JoC | & | 12.9 |.ooo/236| 9,975 |90.875| 7.9 | 03951006/ c.5&87
s | oo | & |r2.9 |ocwizze 9,936 |99.679| 2.0 | 0393|0.0//75| O 725
6 | 2oo | & |/2.9 |ovoiz36| 39,036 100.64| 2 9 | 0./9¢ |00//75| 038
7 | Zoc | 8 | /2.9 |.000/236 59,936|290.5%4 4.9"_; 0./31 |0.0//175| 0.249 |
8 | sc¢ | 8 | /29 |.000/236|249, 936490.935| 4.9 | 0.0784|0.0)/75| O /55
o | scc | 6 | /2.9 |ovoszzdeso ced| 400964 e.0 | cosrAooso7d o./60 |
/0| Bco | 7 | /29 .000/226|249 95/1499.95/| £.9 | O0826 00253 O./569
/| coo | 8 | /2.9 |.000/236|99936/999.967 4.9 | 00392 |0.0//75 | 0.064
12 | /500 | 8 | 72.9 |.000/1236|2249,93e/290.978, 2.9 | 0.02&/ |0.01175|0.0698
/3 | 2oco | & |/2.9 |.000/236(3999,934/,999,954| 4.9 | 00/9¢ |0.0//75 |0.0473
/4. | 3Co0 | B |/2.9 |.CO0IZ36 |8,999,936/2,999.992 4.9 | 0.0/306|0.0//75 |0.0326
15 | 4Cco | 8 /2.9 |.000/236 V5999934 3,999.99929 0.00980 | 0.0//75 |0.02/5%5
/6 | 5000 | 8 | /2.9 |.000123627999,9364.999.993| 4.9 0002754 |0 01175 |0.0/959
/17 |4500 | 8 |/12.9 :,000/23é20,24539364,4\99.992 4.9 |0.00E872 |0.0/175 |\O.OFL04 7
/8 |8500 | 8 (/2.9 |.000/236(3024993¢|5799.993| 4.9 (0.007/25|0.0/175|0.01EE 7
/9 6000 | & | /2.9 |.000/236|35999934 €000 | 4.9 |0.00653|0.0/175|0.0/E3E
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No,

Spring

TEST OF SEISMOGRAPH

Before

Syring Measurements

After Lengths
Front Rack Front

Syring made from ,0025"

1

.70 6,90

2.65 10,00

1,00
1.00
2.75
2.90
2.90

2.10

Spring made rfrom ,001L"

Kk

2

20

80 Tl

2.45 10,9

1,10
3.75
3.60

2,658

Back Refore After Elong.

tungsten wire,
8.58 8,20 ¥.55

3,60 8,60

10.65 7,35 7.90

11.%5 8,85
11.75 8,85
12,70 9,60

tungsten wire,
9.5 6,3 8.4

J1.10 .48 7,53

11,30 7,70
11,50 7.87
12, 50 8,77

Zw ik
.08
« 35
.42

i3 B2

285

Force Acc., Defl.

« 5308

.001 0

1,0616,002 0

.82

91}

5.7
15,2
24,0

74,€

L0738 %,025
.18 7.00
.18 7.25

.265 7,70

Q01565 0
<0105 .85
.0285 1.46

. 045

JAu]
L ]

P
()]

.140 5,36
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SELECT/ION OF ARM

Arm

o | s Center of Gravity . Deflection of Gravity | Frictiorn | Net | Der/
Width| ThickiLengWeighd I W of wil of avm|Toral Mlotal wh c. g. Force| 2-a |22+a |Derl | Force| Der/ (el |Fomier
/ | 25% 2in|.375/985| 428|008 | 496 | 490 | 5450|2928\ /8.6 | /164 |02928| /86 |49 .95,000352.0//47 |.000/90| 000162 2.06m
2|\ 25 |12 |.25 |/1240//635 |\w/985|3/00| /126 |3226|26.64| /2.1 |./658 |02664| 12/ |34.7 |00azs|.01147 | 0oozs8 coorao| 1 75
3|25 | 2 |4375|2385 6.66 | 3955960 9.5 |685.5|31.66 |2/.68 |./633 | 03/66| 2/ 68|58 &87\000349.01/4 7| 000177\ ca0s 72 2./9
4 |25 | 2 |.500|2690846 |.020 |6725|/56.7\7992|3346|2390|./62 | 03346\ 23 90| 6 5E |00AXM4,. 01147000728 aav 792 275
& |25 | 2 |.56252970\/044 | 02968\ 742.5)/ 71.0 | 9/3.5| 3544|2575\ ./55 | Q364425 75| 7235 |\00ae5],01 147 | coorsa8.a0/68 |2 135
6 | 25 | 2 |.250| /245,768 |.002 |3/20|/368|3256826.77|/2.16|./662 | 02677| /1 2./6 | 342E8|\000377.0//14 7| 002366\ Q01404 /. 7525
7| 25 | 2 |/E75\/02/ /1403 |av097\2550| 9 .26 |2e476|26.40|/000 | /66 |.0Fedd /0. 00\2963|000394.0/ /4 7| coozes\aoizs | 162 7
8| 25| & |/25 | 6.82(0695\am3251/705 | 3.4/ |17.54/|25699 6.75 | /666 0257\ 6.75 | 227/ |0ood58,0/147 | aw372| cvz3\0978
9|25 |/Z |r25|625\0605\awrsd/ess | 2957175 |2561|6.70 |.1766 0256/ | 6.70 |2255 00050701147 ciw4/7 | aawao |/ /43
10| 25|12 |.250|/305| 199 | .a0r28326.0| /59734197 26.99|/2.66 | .1653|.02699/2 66 |35 49|000575|.01 147\ w23/ | aorad | £ 83
11| 25 |12 |375 (/1955|419 |078|4880|4725\5352929./9|/8.34|./163 |029/9\/8.34 | 49.3/ | a0aass|.01/47 | canes|.awiss| 1954 |
12| 26| /Z |50 |2eas| 72/ | 0/B23|626.0/04 70\ 730 7| 32.2/| 2270 . /1536 | 0352/ | 22.70 6445 | 000326\ 01147 | awn715| oa0/55) /.97
13| 25| 1 |2so |0ss|osss|\anzas\2 70| esr 2778/ 2598 1068 /666 |,0260|/0.68 | 3087 \aw35/| 01127 cwzed.ae0/5) | 1665 |
/4| 25| /F 250 |11.65/.208\00628|29/ 4| 8.74 30014\ 26.2/|//.45|.166 |.0262|//45 | 3250\ 000362 .0/14 7\ ancse3,00/36 | /. 727
/5| 25 | 2F | 250 |/1420| 2740 | 00293|355.0|25.55|378.55| 27. 74| /364|656 | 0277 |/5.64 | 3798 | 000378,01147 | awzz/| a5/ | /.92
/6| 20 | 17 | /25| 6.66 (0354 |5 |133.2| 1.7/ |/349/|F035| 6.63|./66/ 02035 6.63 |22.35|,aems5|.0//47 | a7/
)7 20 | 12 | 250 | /335 |/ 756 \anasE| 26 70| /4.2 |28IE| 2. 74\/2.92 | . 165 |.02/74/2.92 | 36./3 |aws725|.0/ /47| awass| aws s\ ). /12
/18| 20 | 12 | .375 | p000| 318 | 00659\400.0| 36.6 (436.6 |22/8|/8.82 |./654 |023/8/8.82 |50./8| 003470/ /147 | awzid|.awli? | /. 424
/9| 20 |14 |.500 |\26.70| 566 |01563|5340| 84/ |6/8.) |P566|24./0|./6/6 02566\ 24./0 | 65.0 |am344|.0/ /47| Quei| al30| / 65
20| 20 |13 |.250 |/3375| 1.74 | 001955 2680) /14.56 75226\ 21. 74| /1297 1664 | 02/ 74| /12 97| 39/6 | aarto) 01/4 7\ aurss|.ap b/ /857
2/ 20 |13 |.250 33125\ 1 733\00955| 266 0|/4. /14 |280/4|21 7553|1290 | . /1653|02/78/2 90 |36.03 | can37/| 0114 7| aepss \aws8 | [ 118
22 Same das X/ 2173\/12.90 |36.030 37/ |0//47|\000285037/ |55 717
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