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The object of this work wes to design & horizontal, long peried
seismometer which would employ & resisteonce-bridge tranﬁﬁuégr and to
include computetions, specifications, snd working drewings for the con-
struction of such o selemometer. It was further desired to outline the

possibllities for remote pen-recording.

The purpose of e seismogreph iz Yo peke as fﬁiﬁhful end ag legible
s record as possidble of one component of the actusl esrth's motion. The
term seiemograph i usually applied to the entire system which makes
ﬁﬁﬁh records, while i&e tern selsmometer 1s used with referecace to the
instrument vhich containg the "seispic® masa. Becouse s pendulum which
possesses & large mess tends to remain at rest while its support moves,
such arrongements sre usually &mpla&ad, To vecord the certh's motion we
require the sfovementioned "selomic® mase, & means of recording the mo-
tion in different plenes or directions, & mesns of recovding the vibraw
tiong of different frecuencies, 2 damping device, a recording device, a

timing device, and u m&gnifiaatian device.,

A horizentsl seismometer must be zo constructed as to be sffected
only by the horizontal component of the sarth's vibeation. It follows,
therefore, that it must be allaweﬁ to rotete only sbout g vertical axis.
Further, because the motion praéueed_by an earthgueke (seismic waves) is,

in genersl, oscillatory in motion, & linesr oscillster will readily re~



gpond o such motion. Therefore nearly 21l seismometers are forced
linesr aaeillatars.' The equstion for & forced linesr oscillator is giv-
en by'm dx A s &;%‘.C +x = F(T) vhere the restoring force
(the force resulting from Hooke's law, snd pusghing the body of mass (m)
back to ite position of equilibrium (x = 0) N is -kx)thsz demping ‘:ﬁ‘ame
is -s dx/dt, snd F(t} is the foreing function, a function of time. There-
fore & selcmomeder thet is esaentially & lineayr éamp@é~aﬂ¢ill&§ar TEPTG-
gents the best compromise we can make. Sueh a scismometer employs a
restoring force preportional to its displacement and s damping force pro-
portionsl to its velacity. Most modern sciswometers are constructed

secording to this precept.

Figure 1

A common type of horizontal seismometer is shown schematicslly
in Figure 1. The x,y plane ig meinteined verticsl, thug inguring only

horizontel motion snd the mess (#) is hinged to n support so that there



is egual tension on each of the hinges. The pendulum is pletured in-
elined from the horisontsl axis by an angle ¢ to illustrate the effect
of grovity on the a}'sﬁm. If the boom were exsotly horizontsl, the only
regtoring torgue acting would be i:.lm torgue exerited by the hinging sr-
rengement. As pictured, gravity tends to diminish this restoring torque
by en smount proportionsl to the mass (M}, the sine of the sugle ¢ , end
the length of the effcctive moment arm, from the hinge-line to the center
of gravity (X). Such s negative restoring torque ie termed a labilising

Lorgue.

Long period seismometers are those having naturs) perieds of osell-
lation that range from ten to thirty seconds. One method of sdjusting
the period of the pendulum in Figure 1 would be to wvary the incline-
tion (P ). in incresse in its shoen direction would inoresse the peried
until instabllity develops and an inclination of the boom toward or below
the horizontal would decresse the perlod. It is often desirable to have
the seipmometer sdjustsble as to period, covering a range from three or
four aeaanéa up to thirty seconds., Perioed &ﬁju&tﬁa&ﬁ has been provided

for in these designs.

Yhen a linesnr oscillator is con%;&imd. in & freme or support, the
sizmple expression o Lx/qrt = F  msy be applied, whers the force (F)
aocts on the mass (m) whose accelerstion is given by Jfx /4 r*
and % 18 the position of the mass relative to o hypothetlcsl fixed
point. If the support is displaced sn awount y by the movement of the
garth, the force acting on the mass will be the sum of (1} k(y - %), the
force proportionsl to the relative displecement, and (2) ( J%Z- - J%(C_ )

the foree proportional to the relative veloeity, We then have



A = a (4 A2 ) hly-x)
or
”"-42‘% +‘°(§é~‘§%)+k(x—g)=0

Subtracting 4%y /Az™ from both sides will give

kA
m\( A*x _ g2 Ax _ :
2 G ) vl Ze g )t Rl = adiy fue
The reletive displacement (X ~ y) of the mass (m) is the measur-
able varisble for the seismometers herein discussed. If we let this

varicble egusl u (W= x ~ y), we write the equation of motion ss
m 42&/45 tao dafip v b wz—m Azg/Jt'—

and we see thet the messurnble verigble bohaves as though & force had
besn applied whieh is proportional to the masa of the linear oscillator

and the ground acceleration.

5|



6.

The perlod of sn undamped pendulum is given by:

T=z _ JMoment of iner
Restoring torgue per unit sngle

>
il
all

mgam 3

First congldering Figure 2, we have & vector ?ac%izxg on the vector
T vhere Kl is & unit vector meking sn angle of 1> with the y saxie
in the %,y plane. 3; is the force due to gravity (g) acting on the nass
{m) and in vector notation mey be writien as J mg. The veetor r a:c‘z"«
regponde to a pendulum arm snd it is displaced sn angle § in the 2
direction. ‘Then

F=2ix+]y +5h 2 AND R.:-sm#:,.cos 4»1

The torque ebout, By is thens
- -SiN¢ Cos¢ o |
L-'- (Fx¥) = X 3 z ;"'Zmas'w\+

o *ﬂa (-



For #mall sngles of displacement (8in ©=6O), 2 = x O vhere x is
taken as the horizontal distance from the hinge line to the center of
gravity {see § , Figure 1), Tﬁersfam L 5 X ema -f"'V"f ér_, the
torque per unit snguler displacement is =X e N § . If the axis
(represented by the unlt veetor W) s inclined so that =+ SwpT+eosé

the torgue per unit engle is 4+ x mg sin ¢ .

To éemgmme the restoring torgue mpgl&aé by the auapenaian hinges
e fi‘irg% congider Pigure 3 vhich is drewn in the %,z plane. If flat
spring‘ hinges sre used, we esn agpume a cantilever sction wnd use the
elastic curve egquation to czloulate the force (P) necesmery to produce s
displecement xg at x equal to the hinge length £ . The forse (P) (see
Appendix, p. 1) wes found to be P = 3EL zg /13 « (¥ is Young's
modulus of the material, I is the second moment of the cross-seetion of
the hinge perpendicular %o a mutrgj{ axis). Ve now proceed to enleulsie
the strain in g filement on the sides of guch & hinge end ve assupe that
ol (Figure 3) 1s a right engle for small angles of @ . Then &= h Tan ©
whore h is the perpendiculsr distence across the hinge and ‘i’%x: TAn &,

The strain is therefore given by

%: ‘\Tﬂ“éi: J,Z_/_f)( h

£
: , A T S
and dz/dx (see Appendix, p. 1) equels PL /Z ETL . substituting
the velue given for P (above), an/dx =3 3y /L end the strain is given

Y S =32k f24°
The restoring torgue per unit engle crested by the hinges will then
be the foree (P} times the effective moment erm divided by the unit angle.



] .
Figure 4

Figure 4 shows the hinge in relation to the boom aud its sngular
digplacement A . The fipure also shows a hinge line passing through
the center of the hinge. The gqniwlemt axis of rotetion of a hinge
that ig fized at one end and displaced st the other is aprroximstely
one-third of the hinge length from the fixed end (Heilsnd, 1946, p. 100).
Qur pendulum will require two such hinges, one fixed at the opposite end
¥ith respeet to the other. Therefore our actusl hinge line will be
8lightly displuced from the vertical. However, this displacement is so
gmall due to the smsll dimensions of the hingas' eam;saréﬁ% to the length
of the boom snd the Gistence betwsen the hinges that we assume a hinge
line pagsing through the center of each hinge. For small angles of &
(ton @ = © ) we may write 3y (Figure 4) as © £/, and the second moment
of such & hinge whose width is b' and vhose thickness is h is given
by b h /12, Therefore the force (P) ia:

Po3ET e | 2 EUK of
(e)’ ~— ‘v z

and the torque per unit sngle (T,) will bes

I (3 L, )
T:‘YL‘;-Ekbk\\‘eﬂ-'g—:_LEk b‘h3/£




For teo hinges
. ! L NV
Ta: & Exbi/e
where the subseript () is used to designate “hinge.®

The veriod formuls now becones

T= Q-T\[

,\_— Xmg$/N¢

where qi is the sngle of inelination frowm the horizontsl in sn upward

direction.

oment of Inertie o

For & unit woss at & dlstance r from the desired exis of rota-

tion, the smount of inertda is given by 1. = £. mw .,

. -
>
3\
———{
UX SSS
Q.
x
b 4
N
N

The moment of inertinz of the mase shown in Flgure 5 tpken about the
a

y axis will bsa IU: ‘(xzclm= ﬁfxt Av where (’ ig the density of

the meterial. Also from tha figure dv = .a v dx J

Ty=rye J***'(’:ﬁi"]

%



For more then one mass the total moment of imertis (Ip) will be
I+ I + 13 ete. Likewise the center of gravity Ci} esn be calog-
lated for any number of zssociated menses by

—

\X(: rw\‘-)?‘ t o, Y, 1—/%»\3—)(—; (ETeD

S TR A S 1-’\""‘-3 CeETCY

Deaign A

Design A is plotured in the three-viev drawing Plate 1 (enclesed).
It is & simple horizontal pendulum which is supported by tvo flet spring
steel hinges under egual tension and is dumped by an zluminum vene move—
ing in the field of permanent msgnets. The support zhould be annesled
steel, the major pendulum mass of brass, snd the other perts of the hoom

should he cast or maahiseé sluminum,

Hote: If bonded strain gages are used to record the
strein produced by & unit angular deflection of
the boom, they would be attached to either side
of the spring hinges. BSuch an errangement would
8dd 1ittle or nothing to the restoring torgue
(7). However, it wes found that such geges
wauld not give the proper gensitivity, and wires
vhich would undergo strein were introduced. The
methemstical Justificstion of this design prinei-
ple is giv&n fully under the section f{he Flectro-

Mechenic 1gducer which follows. It is nee~
espary at this time, however, to introduce ithese
wires into our discussion of Designs A snd B be-
cause they add to the vrestoring torgue seting on
the boom snd hence affect the period of both de~
sigas.

10,
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If wires are sttached to the boom st the hinge line snd then to
the support as shown in Figure 6, the strain they will umdergo nay be

vritten a8 O b/ Q

‘ £
The restoring force per wmit angle (©) due to wires atteched in
this manner will be

Fo.‘aQE; = 2.N.A.STRESS = 2. ANl. A. E,, - Qb/‘Q

where N is the mumber of wires per side, A is the cross secticnsl ares
of the wire and Ey is Young's modulus of the wire material. The numeral
"2% gevely indicates that there erc wires on both sides. The torque per

unlt angle (T} may then be written as

. ) k3
Tw: 2'\1\‘_'_;;'_5“2,. @_g.. b = ZNGEW°B/2

vhere { is the wire length snd b is the distence out from the cemter

of the boom or hinge point -~ the effective lever are.

11§
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The mﬁad formila no¥ becomes

| T
T= 2 V' 7;‘1—Tw X g sin ¢

Using the dimensions indicated on Plete 1 and the following densi-
ties (4l = 2.5, Brass = 8.5) the totel moment of inertia (Ig), the cen-
ter of gravity (%) snd the mess (m) were oulculated to be

Iy = 5,390,000 gus-cu”
T = 24.8 en.
n

= 884& gﬁﬁﬁ«

From the previously derived expressions for Tj, end 52-’,, and using the
folloving dimenslons for the hinges and wires, the totsl restoring torgue

was esiculated,

Thickness = = .02 enm. Disneter =
Fidth = bt = 1.0 en. ] =
Length = £'= 1.0 en. 11 Humber =
Hodulus - By = 20.5 x 107 &%ﬁﬁu}.aﬁ =

(steel) (constanten)

Th= /% Ek.\,'.k}f_' = /fX 20.5x/0'% 1 x(:023 /1 = 2.05 ¢ 10" d qnes —cam,
d
. z e
Tp= 2 N-X Ew.bz/e: 2x 4x T (129%18%) x 15%10 (&) [3

= 1.8y T &%mqs- Cwm.

The only verisble remsining in the psriod formile is 4» , the sngle

of axie inclination. If this angle is set at 3% 51' by mesns of the level-
ing serews, we ghall obtain the 3@31@%@ perieds



T:Q.'ﬁv Lr = amr JT3Gv /08

Th"‘Tw‘ YWJ SIN 4’ (2.65+ 12.8) x 10— 2Y4.5(¢790x 950) X .066 >
—_— T S.39Y10¢
= T ms_zz.ﬂ'\(|o: 19:9 seasnds.

end when the pendulum ig horisontal, (<{> =0) the period will be

T=9—W v.{w—‘ - amV.ze3 = 3.% Sacomds,

14.&svws06

Lowering the boom below the plene of the horizontal will further de-

cresse the period.

The deuping recommended to be spplied to this design i the conven-
tional type which sonsiste of a copper or sluminum vene attached to the
end of the boom which moves in the field produced by permenent magmets.
The damping is changed or adjusted by woving the megnets. It is poseli-
ble that the demping arrvangement outlined under Design B nay be applie~
#ble to this design sleo and ite limitations sre cited under the section

on Damping.

A& grodusted leveling bubble is sugpested ss & means of vroughly
cheoking period control and the uswel limit &%ps z;(mz' the boom mees
are provided to prevent large displacements whiech might snap the strain-
gege wirea. & clamp ber is provided for locking the boom and alsgo serves
to hold it in the eorrect position for chunging or sdjusting the hingee
which are held in place by fillete end set sovews. The method of sttach-
ment of the wires will be covered move fully under Design B. The base
plate should be a ‘&mw me;mﬁ:»fag with movrginal grooves for sn alr-tight

13



transparent plastic cover box. It might be desired to drill the clowp~
ing yoke for sn air jet by meens of which the boom may be glven cone
trolled impulses for celibrstion and adjustment.

Design B is pletured in the _t&ir&ew&w dﬁamg Plate 2 (enclosed).
It is mounted on the same type bage &5 Design A and has the seme type
limit stops, c¢lamp bar, level viel snd leveling screws. The hinges are
the same meterisl but of amaller dimxiaion-s due to the smaller mass
whieh they mist support. Dsmping 15 supplied by & mvixag\ coil of the
loud-spesiker typs moving in the ficld of a permsnent magnet of the speak~
er design. %his srrangement will be éwfmwa& in detsil under Demping.
The main difference in this design i that the lebilizing (negative re-
stering) torque is produced by a pasir of elinvef springs vhich sve ate
tached %o the boom to the right of the hinge line. The support contains
& pessage for the lower épring snd the support connections of the spring
sre adjustable (micrometers) se that the degree of astatization my be
varied -~ end hence the period. If the selsmometer is maintained level
and ‘iﬁ‘a designates the torgue per unit angle spplied by each aspring, the
period pay be caleulated from

T: ‘.‘L'TT’\( ‘l—‘_r

Th+Tw=-2Ts

#ncther festure of Dogign B is the use of the demping magnet as the
nmain mass of the boom. The mepnet is welded to a small block and this in
turn is scyewed to the rod of the boom. The damping coil is fized firmly
to the base plate and is contered in the fleld of the wagnet by sultsble

ad justing screows.

14
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Figure 7

Assuming the stationery attachuents of the springs fer-distent
to the left of the hinge line, the lever srm of @hé apring shown in
Pigure 7 would spproximgte Pa¥ in length., Assuning ©@:=TAn © we sece
that "a® =d'©.,

The forne exerted by a cylindrical helieal spring of circulesr cross
gestion vhen under tenelon is given (¥arkas, 1941, p. 486) by:
F= Gsdlf / by e>m vhers G, is the shear modulus of the matewi&l N
4 is the wire dismeter, i the iéagituﬁiml diloplacement producs
ing the force F, e is the coil rodive and a iz the number of turns
in the coil. The longitudinal displecement (f) 12 taken as the dis-
tance between the spring connections minus the length of the cloged

spring.

If the lsbllizing torgue per unit sngle (O©) is Tg for eech spring,

we have
T‘ . F x Lever ARt Gs J_" + / q (
S+ = .d & _ Gs d o

6Y e’ m-
vhere G', cL"/ 64e3n =C s the spring constent, end &' 1s the dige
tonce frem the polnt of eatiachment (spring to boom) to the pivot exis



6. !

of the penéulum,

Uaing elinvar for the spring meterisl {becsuse of the stable elas-
tic cheracteristics which this meterial possesses) snd the following

dimensions of the spring, we ecaloulste the spring constemt (o).

8g = 4.9 x 10° (elinver) 5

= §7 (turns)
4 = 0.015" = 0.04 om. e = 0.2 er. {coil radius)

I 14
¢=G /“'"" T 6yxC) xS ¥

end 1f d' X 5.0 em. (the boom distonce of sttachment) snd £ = 30 en.
{attached spring length minus closed spring lenpth), the lebilising

torgue per unit angle becomes

Toz ad'f = 43x/07X5x30 = 6. 45 %0° dymas- em.

The momend of inertie of the boom shown in Plate 2 is csleoulated

ag followss

Y, = I of part to left of hings line
I, = I of pert to right of hinge line
3:3 = 1 of comecting sesembly from boom to magnet

I, = I of magnet

e

I, = Totel T = the gum of the sbove.

From the previcusly developed moment of inertis formuls,

Ty g I3 e[ 3-8



vhere X, is the distanes fvom the hinge line to the ocuter odge of &
unit zmé g is the distence from the hinge line %o the inner edge of

the unit under eonsiderniion, we ealoulate

2sxwx1[['h-0] = 3 pms-on?
‘ 3

Iy = 2.5%10x 150725 -0 = 2060 = »

252 Tx {.ﬁ}gL"-&f -5‘5_] L56 m u

3
I3 = 7.0x 3x3 [&%—2f 1= 16700 0 o

w;—eg
o
"

ot
5
h

For & cylinder of radiue r snd length £ token ot an axis & dis~
tance a from the cenber of the egylinder, I is glven (i»laégmm;, 1247,
n, 2338) ss: T = m( V't/t/-rlz/:z) +Fma” . The muss of the magnet
is suggested me 400 gms., the redivs as 2.5 om., the length ae 5.0 ew.,
sod the distonce to the hinge line from ite center is 15 em. I, may be
writion ns | |

’ 2 2
I.‘z Yoo (Z.Tf"' -,é-z )+ %oxu'l: q./ X/oqams-c»}.

The totel wouent of inertla (Ip) is 1.08 x 1{35 ﬁwmsg and the pase of

the boom 1g approximately 750 gme.

The hinges used on Design B need not be so large era those of Deaign
A since they mjgsp@ét & conglderably sualler musg, By end A romain the
zame (see p. 12) ‘Em*;. ‘the width (b} 1s now 0.5 em. snd the thickness (h}
is 0,012 om, ?h .ﬁ"sz&e mgigﬁ B wap compubed to be 221 x b dynes-om.

por unit angle.

The ssme srrapgement of wires are used snd T, io apeln 12,78 x m"’

t&?ﬁéa&,«m. The natural @aﬁaﬁ {(from the formula given on page 14) was come

17



18. |

nuted a8 6.28 seconds. 4n increase in the spring lemgth (£) of 0.01
em. will ineresse T, sufficiently to csuse & period change of 0.17 see-
onds. The adlustmnent on the spring tension et the eupport ends must,
therefore, be controlled to 0.0 em. An sdjusiment of 5.06 cm. at both
of the spring support comnections will effect & one-second period change.
Incrensing the tension will increege the labilizing foree (27,) and
lengthen the period. Decressing the tension will shorten the period.
The psriod calculsted above (6.28 sec.) is for an £ of 30,00 cm. If

£ is increased to 31.1 the period will be 25 secondsg and if £ iz de~
crensed to 29.92 cx. the period will be 5.0 seconds, glving & rasnge of
twenty seconds of period chenge for & movement of 1.18 om. at the mup-
port comnections of the springs. The adjusteble spring connection
posts, their asliding tracks, and the wiecrometer screws should be con~-
structed end nounted with ressonsble precision, and reference warks that
are eguldistent from the hinge line should be scribed on esch track for

comparison purposes.

The constentan wires, which undergo strain when the boom ig dis-
placed, should be attached to the boom sxgotly et the hinge line snd
equidistant frowm the center, as shown on Plates 1 and 2. Thise may dbe
socomplished by setting two small posts of fused quarts or sepphire inte
the e¢ast gluminup benm»éx the ﬁﬂaitiﬁns indicated on the plutes., Similar
ping sre set into the support snd the wires are tmubbed once sround ceach
pin snd then led to the soldered connection points. Tt is depirsble to
comect these wires to the ping in such & mamner that they will &ll be
under similar tension. It is also desireble that these pins all be of

the peme length end that the wires are connected %o them 0.8 em. from
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the center line of the beom. An opening is suggested in the support
directly behind the connecting gésta so thet the wmires, which make up
o Fheatstone bridge elreuit, way be connected properly without excess~
ively long lesd wires. This circult is discussed in the following

seetion,
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Tt has long been known that when s conductor is placed either in
tensile or comprosgive stress, the eleotricel resistsnce chenges. ¥hen
g wire 1lp placed wnder tensile stress, the wire bscomes longer and the
erpgs section decreases. The change in dimensions of the ﬁiﬁ@ can be
expressed in terms of unit elongstion and Poisson's ratic. However,
the values of resistunce changs predicted from dimensionsl changes do
not check closely with the chenges meansured experimentally (Hellsen,
1943, p. 107).

Por most metals, the strsin sensitivity (&mfiﬁ@d a8 the rztio of
chenge of unit resistance per unit straln) would be expected to be bew
tween 1.5 end 1.8 from the consideration of only the dimensionsl chenges
of the wire. Instesd, nost metals and alloys have sensitivity feetovs
econsidersbly higher. Constenten is given ss 2.0 and the iso-elastie
wire used in other commercial geges is listed es hipgh &s 3.5. Thisg has
never been explained. The resson probzbly lieg in an actusl change of

volume resistivity of the metsl (Neilsen, 1943, p. 106},

Bonded strain geges are generally made up of & few loops of fine
wire that ere mounted on a sheet of thin paper. The ends of the wire
%@rminé%@ in stronger leads for connection esse. Thess gages are then
cemented to the srtiecle undergoing strain and seccurstely trensmit the

strain when thelr resistence change ie messured by & Yhenistone bridge



or other emplified mesms. If this type of strain-recording device were
o be used in these designs the geges would be atbached to the sides of
the spring hinges. The strain on the sides of these hinges was derived
on page 7 end found to be:

‘/l = 3Z h / 22"

where h ig the thickness, [ is the length, and 3, iz the displace-

ment at the boom
displacement of the boom mges due to ground motion snd L is the ef«
fective length of the pendulunm (see Figure 4).

According to Robertsen {1948, p. 26) the amplitude of the vibra-
tions caused by esrthguakes is messured in microns (?10?"* cm.) end we
ehall let A (the boom displscement) equel 5 x 10™% cm. From Design B,

h equals 0.012 om., R egusls 1 om,, L equals 15 en. and there-
fore 2,= &- /L = FTxi'x 115 = 3x 1677 tm .
The strein is then given by

é/e_. IY 3)!/0 x o2 - 9_.‘/\‘/‘;7
le

4e hus been etated, the better type of commercial strain geges heve
& sensitivity fector of ;’343 which is expressed mathematieally as
AR/R / /e shere /0 is the strain. Then AR - 3.45 x strain
x totel resistance. For an iso-elustic gage (aveilable conmercially)
where total resistance is equal fo 1000 A

AR=3.45% 8.4 x 107 x 1000 = 0.003 -n. chenge in 1000S% .

‘Calonlations under Hupnifisets

end of the hinge. 2 ¢ equals oL/, where A is the

gn in & loter pection show that this change

21
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in resistence ig not sufficient to permit the vecording of sny but the
lsrger earthguskes which might ccour relstively nesr to the selsmograph

Referring ﬁagk to Flgure 6 (page 11) the strsin on the wire of
length L at & distence b from the centerline of the boom's rest po-
sition may be written a8 & 2//, . Assuming scall angles of displace-
ment { & =TowO) the strain will be

& 22 _ b.e _ b.o
/Q = T = b__—— = b / -2 - b &

=

Ls L 7 L.

Using the dimensions suggested in Design B, namely, h sequals 0.8 em.,
'R equnle 3 en., L mgﬁu&iaiﬁ om, and A eguals 3 x 104 om, ; We Bee
that the strain is

N "'/ -
é/z: Fx S¥/0 =.%9 %10 °
I s

The resistance of two 3 ¢m. lengths of constsnten wire one mil in
diameter con be calenlated from ]2:/’-% vhere ° is the resistivity
(5 % 1077 ohm-en. for censtentan}, Q is the length (6 om.) end A is

the cross sectionsl sren (T0~")

= éO._n...

R:(’ % - fX /0“5x ‘ 2
TP Y0
The senpitivity foctor of constanten is 2 so we may write
-8
Al=72 % %x W= Ax .89¥0 y o

ail= CooloY - dm-“}o. ‘w60
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Caleulations under ¥

. in @ later section prove this resist-

snece change to be essily recordable for ground displacement of § xm“*‘*

cn. and even less,

a8 was stated esrlier, four resistance srms, aimer bonded strain.
gages or wires are subjected %o & strain by displacement (A)of the pen-
dulum. This strain produces a change in resistence am& this, in tur,
unbalances a Pheatstone bridge oirvcult and deflects ¢ guivenometer or
sone ot_;t}ﬁy indicating ﬁwiaof

- : l

e e . T T T "T

If A snd B are the wire loops on one side of the pendulum and € end
D are the loops on the other side, we hsve the circuit shown in Figure 8,
If all the loops ave of the same length and seme meterlsl, then for sny
gtrain

A=B=R+ AR snd ¢C=DsR- op  (Figure 9)

The resistence between s-b (Pigure 9) i 28 end the ourrent flowing in
gach branch is I = & /2R. The potential drop in R+ &R (from b)



24 J;

equuls I(R+ A R) and the potential drop in R ~ OR (from b} equals
1(R - A R). The difference in potential soross e-d is then L(R + QR) -
(R ~ OR)) or £ oB/8.

By Thevenin's Theorem (Oruft, 1947, p. 110) we cen construct the
equivalent a&rmiﬁ shown in Pigure 10,
o,

4

R" €
 AA—

o —

< 4

Figure 10
/
£ eguals the difference in potential across o-d which is &£ SR/ R
and RY is given &8

I (Reor)+(R-0R) X (R-0B)+(R¥oR) _ 2RY2R _ R
(R+aR) +(R-ar) +(R-OR) +H(R+OR) 4R

{see Figure 3)

Gelvanometer statistios are glven in terms of semspilivity, cofl
resistence end external rea&é%ma needed for eriticel damping. OGelvan-
ometers may heve an external oriticel demping resistance of less them R,
and in that case the gelvenometer must be shunted with an sdditional re-
sistance so that the equivalent series resistsnce is the specified value
if eritical demping is desired.

gur circuit may be expressed as:

Eisrrtn ftm et o e ey v i ot bty

J\/\N
; R

Mgure 11



25

vhere By is the resistence desired for any given degree of dsmping end
Ry 18 the reeistance of the gelvenometer coil. If the externel eritical
danping resistance specified for the gelvanometer ig greater then R for
m& such bridge elreult, m simple series resistance wmey be sdded. How-
over, if & shunt resistance is reguired we have the following cirveunity

Flgure 12

vhere By = X+ € gnd therefore 1y = ' s Cel= )

RS RI-Rs
The current flowing in the galvenometer without the shunt resiste
anee ry may be expressed by
4
E _ £ ar

(Rs+¥) 7 RCRs+R3)
while the current flowing in the gelvenometer with the shunt rvesistence

o

(see Pigures 9 snd 11)

e in the eircvil is

Xsrt.i_'_.= 6 . N - éAR S Y.
J\,+\Za (R‘*'Rﬁ) C’H*V’iﬂ R(?-*\—\Z.j)(.h'-}-?a)

Fronm the equation

/Z We = ’@_RN l—t" 10—3

2 Kz( Ry +R3D) {Merideth, 1949)

vhere f’ZiB the degree of demping, W, 18 the undamped psturel freguency
of the galvancmeter coil, B is the field strength of the gulvenometer
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wagnet in kilogsuss, A is the sres of the coil in sguere om., N the num-
ber of turns in the coll K, the moment of imertia of the coil, By the
series resietance and Ry the eoil resistance, ve may write the following
constent (0}

- (BHN)lx 07 .
c= 2 ke w. -%CRS‘FK&)

Rg is usually given for commereisl gelvenometers and Ry is given for
M egual to unity., Therefore the constant {3 csn be evaluated for any gal-

venometer end the series resistence (By) necessary for other velues of
csn be ssloulated. From this Ry and & known B! (R' = R), ¥y way be ob-
teined. Enowing the impressed voltsge (&) and the chenge in resistence

* of ench arm of the bridge (&R}, .1 q 8y be Toedtly evalusted.
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DAPING

The principle of & coll with apsular magnetic fileld has been emw
ployed to effectively damp Design B and possibly Design &, From the

eguation of motlion

Lo, aderho=F)

where k 18 the restoring force per unit engle snd 2 iz the damping
torque per unit snguler velocity and X iz the moment of inertis of the
boon.

Por a coil of Mng-ﬁ; V4 moving in & flecld of B pauss with & cur-
rent of . cgom units flowing e ecusls B x £ x_¢ {(egsm units). Con-
ventionally, 4 -'—'7:% amperes md Q= !311/,9 « The electromobive force
(cgem units) generoted by a moving coil is given by: €= BR dx/dT
vhere ig‘t is the unit linesr velocity (ra—? dX shere r i3 the dis-

ar
tence from the hinge line %o the demping coil center).

The Volbage (E) may then be writien as:

E = B;g; %Q-i‘? volTs

and the current {1) as:

-E _ BLly Yo ]
T-= = e G AMperRES
It follows thats
do . B G-Qv— aﬂo 13 1 T de
L ac T 55 R1o% ’ 10 dz ¢

and &= G A 2L""/ R 107 = foree/unit angular velocity.
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The dumping retio ( | for eritiesl damping) is expreseed by the
symbol n? and equals €/wo vhere £= &/2T , the dumping constant and
= Vo the undamped natural freguency. Then qg-'-— = @/2L
Y&/
amd & = m Y x 2L .

If the damping applied to an oscilliating system ig proportional to
the velocity, the clogest approach to a correct repreduction of the
forcing motion 1l obtained. (?ar & seismometer this forcing motion is
the growmd motion). From a study of the dynamic response of such am
osceillating systep it iz found thet resonsnce oecurg srhen the frequency
of the ground motion egualp the naturel fregqueney of the selemometsy.

Since resonance is highly undesirsble, demping is spplied,

Criticel demping { M=) edds mo particular advantage -~ it cuts
anplituder, reduces the range of freoguencies for which the amplitude ls
esoentially constent, end introduces an additionsl phése shift - but

with N equal te 0.7, resonance is eliminated {Heiland, 1946, p. 588).
Returning to our formuls for a and letting m equal 0.7, we have
a=/-¢ T Yr/T

Subgtituting 2 1, /T ror Y B/1, ﬁhm T 1z the natursl perdod, we have

a= 28T T/T

the demping torgue reguired for 0.7 oriticel demping of & systen shose

noment of inertis is I snd whose natursl period is T.



he dimensions and charseteristiecs of & three com. coil spd sunuler
magnet are given below.

Field strength = B = 10,000 gaunss
Wire length — £ = gTd where n = no. of turns = 12
A d = dismeter of esoll = 3 om,
then AL = 112 en.
Distence, hinge line to coil center

-

R = Ry + Bg coil resistance + shunt resistance

where By = @ R/A
Resiotivity of eopper =P = 1.7 x 3&}"6 ohmg-omn,

Ares {cross seetional) of wire =

Azrf = 1.9 x 10”3 cn.?

where ¥ = 0.0023 on. wirs radius
R, = 0.098 ohra,

If we short cireult the coil (By = 0), we find that
a =

2,% 4 3 Pl
8 *a"’“/Re_ 107: 1o x(113) x Is/.095 x /09:: [ ?2¥r0 dJ~E$~CM,
This, then, is the damping torque svailable froz & coil snd negnet common-

iy found s parts of o three en. loud-spesker.

Design B

If the seismoweter of Design B is set for a perlod of twenty seconds,

the damping torque necessary for 0.7 ezritiaa:}. damping ig given by (8} when
I eguals 105 gwm& ass

a=2.¥mI/y =

t 5
R, ¥irxio /zo.: YYY so dymes — em,

If R, is incinded as s shunt across the eoll terminals, the damping torque

produced con be mede egual 4o the damping torgue desired, nemely, 44 x 10°
dynea-m.
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From the expression for the demping torque we solve for & cone-

atent © and evaluste

By _, Y
A2 ——— aRe+a R, = BLx _ ¢
(Rc*ﬁs)’oq \ < RJ [07
Rs= C-~aRe C = /o"(u?f/s-: (92 xro?
< ro?

where Ry 1s the resistence to be varied as the period ie varied to main-

tain 0.7 oriticsl damping (R.=>.098 = o./-. ),

With the perdod set at twenty seconds ve have ealoulsted the desired

danping torgue (&) to be .44 x 10° dyneg-cm. Solving for Ry we oblein

Jex 0¥~ . T .
RS"' [ Yoxro Xl _ o336
Y 0T

®ith the perdod set at five seconds the damping torgue chuimd for

0.7 eriticsl dawping ie:

a=2.¥71" X/O"/.f’: /.76 X/OrdSNES-CM.

\
and By is given by

Es - (1:92%70"— /.76 xr0° v ./

= , O L
(-26xro~ °

Therefore we see that the damping may be accurately controlled with
gome arvangewent of variable resistor comnecoted scrose the damping esil.
The renge of this variable vesistor should be from 0.01 to 0.4% ohmg for

periods of from five to twenty-five seconds, respectively.

Design A
For & {ive second period of the seismomeber deseribed as Design A

the demping torque required for oritiecsl dsmping will be given by



@=2.¥MI/5" dynes-cm. The moment of inertis (I} of Design A
is 5.4 % 10% gmwamg and the required demping torque is 9.5 x 108 dmes-
em., The available damping torgque from the three om. coil ocutlinsd above
is 45 = 106 {zt & distance fyom the hinge line of 35 em.) and the coil
constant ( C = 131.12*’ //0'7 ) must be st lesst .95 x mﬁ. To pro-
vide this the coil diameter snd the number of turns must be incressed

considerably.

If 8 megnet and coil arrangement which satisfies the sbove reguire-
mente con be obtalned, the magnet should be included ss part of the boom
nags and the coil mounted on the bsge plate as in Design B. Because of
the rigld requirements for such & damping coil and wagnet the convene

tional vane-type damping is vecommended for Desipn A.

ﬂ&ne»%yée damping is provided by the physical fzet that s closed con-

ductor moving in a monuh@mcgaﬁequa megnetic fie¢ld sets up eddy currents
within its@lf and these, in turn, set up mn induced msgnetic field vhich
opposes the genserating fisld. This is the same principle used in the
coll and magnet design but the coil-magpet method can be controlled with
more precislon through a change in the coil rezistsnce. The vane-type
demping torgue is dependent mainly on the vene meterisl, the evross sec~
tional sres, the speed with which the vane moves relotive to the genep-
ating field, mnd the strength of this field. (f these, the strength of
the field is generslly veried by movement of the magnoets, thus controlle

ing the dambing {see Plste 1),
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The speciffcations for most commereizl galvanometers uwsuslly in-
clude (1)} the pensitivity (in picroamperes per mm, or mme. per willi-
ampere), (2) the coil resistence (R,), (3) the externsl series resist-
anee for eritical demping (R, vhen 42 = 1}, snd the natural period (?g}.

Leeds and Korthrup (1946, p. 10) list the following charscteris-
ties for thelr type HB, D-C; woving coll, reflsecting galvsnometerst

Bengitivity Beriod,

: 4, 68 feconds R B

228/ -8 0.008 microumps 1.8 40 21

Resiatance, ohm

Ligt No.

228f~e 0.00% nieroamps 1.5 1200 300

The Heilend Resenveh Compeny (1948) menufuctures a galvanometer
{Type A) which has » listed sensitivity of 800 mw/milliswmp ot 30 ems.,
& coll resistence of 35 ohms, a period of 0,023 seconds, snd sn exter~

nal damping reslutence of 275 ohms st % = 0.65.

Frow the formule developed om page 26 we can obtalm the constents
(ﬂ) for the three galvanometers outlined zmv%, The values of the re-
gpective constents were enloulated to be
Leeds and Horthrup #2284-e & = 61 chus
Leeds snd Horthrup #2284-s ¢ = 1500
Heilend Fesesrch, Type A ¢= 462 v
‘end Ry st 0.65 oritiesl demping for the Heiland Type A galvemometer is,
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as previcusly stated, 275 ohma.

It is suggested thelt a galvenometer which hos 2 natural undewped
period of 1.5 seconds will sdecuntely follow the motion of & selsmoneter
vhose peried is twenty seconds. Gulvesnometer dumping is teken &8s scven-
tenths oriticel { 7:0.7) and the following megniffication csleulations
ave obtained fron formulse ;:@m#iaﬁésiy developed on page 25. The source
of D. C. voltage ( £ ) is suggested ss three volte (Neilsen, 1943,

p. 107},

The total resistsunee (R) of one type of commercislly availeble
gtrain gage is 1000 ohms (Qeﬁﬂm, 1943, p. 106) and the resistance
change { & R) which such a gage undergoes when sttsched to the hinges of
Pesign A is given on page 31 a2 0.003 ohme for n selsmometer boom defleg
tion of § x 10™% cm. Using the Leeds end Horthrup #2284-a gelvanometer,
{C = 61, Ry = 21} we obtain the seriss resistznce necessary for peven-

tenths eritical damping (Rg( 7} } from

N (3
Rs(.s)* 3".—;—-’23-: _06.—;-2,' = 66 n_

8ince the equivslent series resistance (Q’ = R} is 1000 ohms we must use
& shunting resistunce (”1} as shown in Figure 12. Frow the formla for
this vresistance given on page 25 we have

A, = R Rscy) _ 1000 xé¢ ~ S/-a

2~ 12s¢.v) /000 — 6 &
Then the current flowing in the galvenometer coil is given by

—_—

“‘J - E ol - 3 x 3)’:/0”\' yd
R(R+RgY (A, + 5) 1000(1000+21)(71+21)

= 6.?;(/5? Bmps,
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The seneitivity of the Leeds and Horthrup #228.-a galvancuster is
given &8 one mn. {8t one meter] for o current of & x 10°9 ginperes. Thores
fors the galvanomeber deflection obbsined will be 6.8 % m"@!ﬁ x 107 =

0.085 om. for & selsmometer deflection of 0.0005 em., or a magnifiestion

The mm}( resiatones (R} of one eix centimeter length of one mil
dismeter constontan wire wee calculsated to ba 60 obmg and the resistence
chenge { A R) for s boom defleotion of 5 x 10" em. =os found o be
0.00107 chms (page 22},

The golvenometer constent (8) for the Leedn snd Northrup #2234-a
golvenoneter 1s 61 ohms nnd the serles resistence necessary for seven-
tenths criticsl demping m@{ﬁ?}} will agein be 66 ohus. Since the rosiste
ance of one srm of the bridgs network is 60 shoe (vhen wires ore wsed),
we need anly to add 6 ohms in mwerios with the galvanonetor to produce
seven-tonths critiosl dewping. The current {I) will be given by

T = & = _ 3x002/5°
R(Rsx*R9> 60 (4e+27)

. -6
= ,6/X 10 Awups,

This sill produce & galvanometer deflection of 7.6 cm. for & boom de-

flection of 5 x :m% em., or o magnificntion of 15,300,

Using the Leeds snd Northrup galvenometer #2:484-s (0 = 1500) we
£ind By(,7) o be 1500/0.7 ~ 300 = 1840 ohns, and this weries resisteace
mpy be obtained by sdding 1780 ohms (1840-60) in series with the galven-

pmoter. The carrvend (I} will be

T = £ oR . 3xlosxio”

_ -6
- T 028 X /0 n S.
R(Rsm)" Rs) é0(12y0o +300) “F




Such a current will preducs & gelvenometer deflection of 0.5 em. for s
boom deflection of 5 x 104 en. {the sensitivity of #298i-e iz 0.008§

microsmpg per mm, at one meter), or a magnification of 1000.

Similar esleulations for the Heiland Research Type & gslvenometer
arrive &t & celeulated megnificetion of 29 vhen the gelvanometer is 0.6%
criticslly damped (Rg( g5) = 275-1) and 215 ohms ave edded in series
with the galvenometer. Thiz magniflcotion is bused on & 30 cm. digtance
from the gelvenoneter wirvor and sould be approximstely three times this

gmount gt one meter, or spproximstely 85,

1% is obvious thah the Heiland Resesrch Type 4 galvanometer will
rot be spplicable to our case sud the Leeds and Horthrup §#228L-¢ does
not provide & magnification of more than 1000. It is therefore recom-
mended that the Leeds znd Northrup #2284-s galvenometer be used., By inw
cluding two varisble resistors in the bridge cirveuit, (1) in series with
the galvanometer and {(2) shunted soross the gpelvenometer, the magnifics~
tlon mey be varied from 15,000 to 1000. The lerger value ls obtained
vhen the series resistence {1, above} iz 6 ohms end the shunt {2, sbove)
is zero. The 1000 megnification walue ip obtsined when the series re-
slotence is spproximately 85 ohms and the shunt resistence is 187 ohms.
Therefore the megnificsntion is adjusteble to in scceursey dependent on
the characteristics of the variable resistors used.

Hote: The sbove calouletions hold for both Design 4 end

Besign B within a very close spproximetion since
the wires sre of the sase dinension snd are mounte
ed in en identical msnmer, The strain (€/4) (see
page 22} will be slightly less in Design 4 due to
the inereased effective lemgth of the boom

(L = 24.8 om. instead of 15 om. ap in Design B)
spd hence the megnification from Design 4 for sny

galvanomeber will be olightly less then that from
Design B.

38,
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finee the four sets of sirein-wires sre connegted in & bridge cir-
euit, changes in temperature will affect all the orms in & similar man-
ner and will not cause deflections of the galvencmeter. Vhen the wires
are mounted on their fused guerts posts, the original tensions spplied
by the msnufecturer will, in all probability, not be the same. However,
when the boom iz centered, ﬂw galvmemﬁmr way be gdjusted to "zerph
end subseguent fmmawb&mg of the boom ghould be faithfully reproducsd
by the gelvenometeyr. Another method of corrseting for these varistions
in tenslon would be to include small varisble "trimmer® resistences in
‘cach erm of the bridge in series with the strain-wires. These could
then be sdjusted to obluin 2 balanced bridpe.

The spring tension of Design B will not be gffected by normal tem
perature changes. HElinvar has a temporsture coefliclent of erxpsnsion of
P 1576 en/deg. €. and 2 ten deg. €. decresse in temperature would cause
ﬁm springs {whose spproximate straight-wirve lengths sre 30 x 1T % D vhere
D 46 the coll dimmeter, 0.4 ems.} to shorden an amount
4 %10 x 10 x 30 x 0.4 = 0.0015 cms. This change in spring leagth
(£, page 16) would produce sn incresse in the perlod of Design B of ap-
proximatoly 0.02 seopnds, Temperature can easily be controlied in a
veult within & 10 deg. 6.



Bost selsmogreph stotions employ shotegraphie £ilm or psper which
i earvied on a drum vhose speed is governed very scourstely. 4 light
beam is caueed to fall on the gulvanometer nirrer and reflected through
& horizsontal plano-cylindricsl lens which focusos the besm on the re-
cording film or paper on the drum. For long period selismometer racordw
ing & speed of 30 mm. per mimabe has been found satisfactory
{Robertson, 1948, p. 31). The drum, very carefully bolunced on ite
exis, 1s vsually mounted on & shaft with helical thresd and moves in
transletion at v rote depending on the pitch of the screw-shaft, Host
of theoe drume are electrleslly driven and governed and provision must

be wmade for a econsbaent 60 eyele, 110 volt pewer supdly.

Sinee seismogrems ere in reality graphe of earthquske métian VEr-
sug tine, scoursie timing devices must he provided for. In most photew
graphie recording methods, & prisam ig setuated by s relay connceted 4o
the timing clock snd this movemendt deflects the light besm by a small
smount, thus meking time warke on the record. ®hen drums rotaie with
% epeed of 30 mm. per minute the merks are placed at intervals of ap-
proximately one minute.

The tiwing clock is of grest importsnce snd must have & vather
small but constent rate. This clock is checked in wost selemograph in-
stallatione by the U, 8. Haval Observatory tlme broadeasts. Verious

arrangenents sre used to transmit these brosdessts directly to the record,



The type of earthguake phenomenon that is to be studied has se
much to do with the precislon and characteriatics of the racording dew
vices ag it does with the selismometer design. It iz not within the
scope of this work to discuss all these various phenomens, such ss,
nicraseismic reearétég; loeal shocks, and the like. The getiersligs~
tions giw@n sbove apply to a long period horisontsl seismometer such as
hus been designed end to the types of eerth tremors it will register
best, namely, horisontel motion casused by earthquekes which a?igi#@ﬁﬁ

st & distance of more than 750 siles.

& seismogrsph station will gemerslly contein st lesst thres ssise

mometerst two long period horisontal for EW and NB motion snd one short

period vertiecsl. .(Periods of less than ten scconds are clessed as
shord perieds). A single drum recorder which will record the motion of
81l three simultancously has recently been developed (Sprengnether,

1946, p. 85).
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fue $o the geologic cherseteristics of the ares in the immediate
vieinity of the Colorado School of Hines, s selsmograph statlion would
have to be placed west of the school on the igneous formations nbove
the erystalline contnct, perbaps 3/4 mile from the Oeophysies Labora-
“tories. For this reason it 1s desirsble to investigate methods of re-
mote recording so that the selsmometer or celsmometers could be placed
in a proper veult on piers sunk into the igneous Tormption and the ae~
vtual recording could be done in the laborstories or offices on the
gampus, Pen and ink recorders would sloo be convenient so that the
records could be observed se they wers made. Fhotegraphie vesorders
of greater megnification could also be instelled in the geismic wault
and ptarted vhenever more sceurste rocording wap desived. If two such
recording chamnels ware used on thess designs 1t would necessitate cerw~
" tgin changes in the atrain-wire arrangements which could be worked out
at thet time. For the pregent we zre interssted merely in outlining
gome peneral descriptions of cireuits thet rould facilitets remote re-

cording from the reslstence changes of our unbalanced bridge eirenit,

If a carrier wave were introduced by a standard oscillator ascross
the bridge that sontains the strain-sengitive wires, snd tha galven-
emeter were replsced by o sulteble amplifier, the carvier would be
modulated by the unbslaneed bridge (when pround motion ocenrs) snd the
poplifier would lmpress the asignsl over & sel of wives ﬁ@faa# degired
remote recorder. 4 schematlie diagram of this olrcuit is shomn in

Figure 13.
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At the recording end of the eciroull a demodulstor cireuwit is ine-
troduced which operates on the signsl so that the original medulating
wave ip rapra&uéaﬁ. This part of the cireuiit should alge contain &
phage diseriminator network which would assist in faithfully reproduc~
ing the moduleting wave set up at the seismoneter by sssuring the re-
cording of the negative deflections ss suck. This signel lg then fed

to & recording oscillograph of perhape the magnetic direct writing

type,
rider—positioning
screw S K '.;gk" ) I

/ |

Servo~motor Servormotor

paper

[' AMP.

s
!
N

Figure 14

{Mochanicsl coupling is shown in heavy lines)



Figure 14 illustrates another method of remote recording. 211 the
strain wireg on each gide of the boon are connected in seriecs snd placed
in the cireunit st 4 and D, vespectively. The remsinder of the bridge cir

\ﬁui% consists of a fine slide vire resistor. in oseillator is connected
acrogs one corner of the bridge snd the other bridge comnasction is made
to an saplifier through the verisble resistor. The smplifier is conneot-
ed to & servo-motor and sny umbalance in the bridge will ceuse amplified
current to flow in tﬁe servo-motor. The rotor of this motor is conneet-
ed mechanicslly to a screw or a gear train vhich moves the adjustshle
contact on the slide wire until the bridge is balanced. If a slave gervo-
motor st the remote recording locestion is comnected to the Pirst (thus
producing & so-called Selsyn system) its ?é£mr wiil follow the action of
the firet. A system of levers can be spplied so that this motion moves

a pen on & moving sheed of paper, One disadvantage of this method is the
faet that the stators of the two pervo-motors are couposed of three-
phase windings and three sdditionsl leads must be carried along with the
current leeds, meaking a five element cable necessery fronm vault to ye-

corder.

' The Brush Development Lompsny of Clevelmnd, Chio, recently sadver-
tised & "Strain snslygser® (Instruments, Feb. 1949) which consists of a
strain smplifier and a direct inking oseillograph. Tt has externsl con-
nectiong for two sirein goges, one acbtive snd one "dummy.® The "dumpy?
gege is used in strein recording to compensate for tempersturs and does
not undergo strain. Howvever, 1%t iz believed (since detailed specificae
tions were not availsble) that with some adjustment the two strain-wire

armg employed in the Selsyn circult could be used, 88 post strain smpli-



fiers work on the principle of sn unbalanced bridge. Tho gages thut sre
wmmmem%w for use with this enslyzer sre of the Baldwin Jouthwark
§B~4 type. These ench have a total reslstsnce of 120 ohms., The con~

stontan wires of our design, if all four op esch side of the boom were

eonnected in series, will slse have a totel resistunce of approximate
120 ohms. The sensitivity is given as 1077 ew/em. strain per chart ai-
vision pen deflection. Due to the fact that the dimensions of the chart
divigioneg sre not kmown, ond thet the fessibility of using the direct
inking oscillegraph =t distence from the strain smplifier is slso in
doubt, we may only postulate the possible use of this instrument for re-
mote recording. It is interesting to note, however, that the strain ex-
perienced by four, three-cm. lengthe of constenten wire (as mounted in
Design B) will be 0.9 x 107> en/om. for e boom deflection of § micrens.
If the ohert divisions mentioned above were 1 mm. esch, we should ob-
tein 5 megnification of 200; 5 mm. chart divielonz would give 1000

megnification.
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As is svident from the magnifiestion caleulations contalned in the
previcus sectlon, bonded strsin gages siiached to the hinges will give
g magnification of only 170 times. fThis will not be sufficient to ad-
equately record small eavth tremors {170 % § x 107 em. = 0.85 wa.)
for visual study. ‘Therefore the strain-wire traneducer prineiple is
recosmonded, With this tyoe transducer, s five micren displacement of
the support due to sarth motion can be megnified up to 15,000 times if
desired. (This megnification 15 possidle using the Leeds and Northrup

gelvenoneter #2284~ vhen it is seven~tenths oritieally damped).

Design B bays sdvanteges over fesign 4. The muse of the boon in
Tesign B 18 only sbout one-~twentieth of the madgs of the boonm required in
Design A. The period snd the damping of Deszign B may be controlled with
greater finesse, Boom displacement for calibratiom purposes may be pro-
vided with grester cese in Design B. Turther, the shorter boom length
of Design B produces move strain in the transducwr end benece more magni-

fiestion, glthough this is of ninor img@xtmnéai

However, Desipgn B reguirves two gprings whose constents mst be a8
close to equal &3 possible snd also requires a coll mowmting which will
frellitate the proper placement of the coil relstive o the mametie
field which contuing the coil. The clesvanee between coll and magnet in

a standard threec-cm. annular meagned is falrly smell.
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1t is therefore eoncluded that while Design A is relatively sim~
ple to bulld as compared with Design B, Dedign B 18 sugpested as the
more procise and convenlent to operate. The factors of precision and
convenience of operation should make 1t wnrﬁh while to undertske the
precision of menufacture demanded by Design B.
Hote: Construction suggestlons snd explanationg of
minor detalls regarding both designs as shown

en Plates 1 and 2 sre included 86 poges 2 to 4
in the 4ppendix.
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The elagtic ourve equatien in rectangulsy coordinstes is

- B A 4 ﬁ%{ﬁxz vhers ¥ i the bending wouent of the seetlon shose
distance fron the cooxdinstes ig %, 8 1y the deflection of the glagtie
eurve {the hinge) at tho some seetion, I is the second moment of the
evoss section of the hinge mmmﬁiauﬁ&.m te & neutral awis, and ¥ ip
Young's wotulne { £ 18 the length of the hinge and P iz the applied
fores). ¥ is also eguel to P{( L~ 2} mnd therefore:

EL Az /Ax® = P (2-%)

EL dz2/dx = Pox - Px*/2 +C,

d

=0
Fo) o
X =0

EL 2 = P2x*/2~ Px%¢ + ¢,

Z=0 . -

x=°" e & Cz—-o
AT x=£

. X 3 — >
z:ng”" EIZ;g:«Pl/: ; P =3ETz/0°

plso: 4z - dzg

: 2

The finel velus of 48/dL is subatitubed en page 7 for da/ix be-

gouse the etradn is belng orloulated ot 2 =4,



The upright support shown ot the left may have to be enlarged to
effectively suppert & boom of the size snd weight suggested in this de-
sign. The dimensions of this member as shown on Plate 1 were arvived
st mainly from the limiting fzetor of the spsce mvaileble on the original

drafting plate,

The recessed grea of both boom end support in the vicinity of the
stroin-wires shonld be milled to one cm. in thickness at the most. Both
the boom and support are 2 om. thick nesr the hinge line but the total
distance from the boom-center to the stiached wires ghould be 0.8 em.g

therefore the smeller dinensions for the thickness of these seetions,

The memetbs which surround the damping %ane are welded to their mov-
able and their stationary supports, respectively. The supporting freme
night also be grooved to sccommodsate more movement of the damping vane to
the right (sec end view, Plate 1). Displacements of the nagnitude al-
lowed for in the present drawing will seldom ooour from ground motion but
the 1limit stops sre designed o restrict the desired maximum motlon and
the demping vene sghould not be used for this purpose; therefore the sug-

gented glot in the magnet-supporting frowe,

The leveling screw taps in ths buse plate should be fitted with in-
ternsl collars vhich contain the threads snd thess, in turn, night be
glotted and get sorews provided for, properly elamping the leveling sevew

adjustmente nt any desired pesition.

The boom cen be centered in the x,2 plane by the use of an anti-

parallex optical system plsced on the centerline of the boom {not shown).
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Design 4 would best be calibrated by drilling the 1inmit stops for en
air jet end producing the displacement desired for celibration by means
of o emall, controlled blast of air.

The boom is adjusted to ‘the proper period by means of the bubble

level and subseguent calibration. The domping is conirolled by movement

of the danmping megnet.

The boom support shown on Plate 2 need not be solid ss shown. The

only requirements are thet the spring zdjusiments be equidistent fronm

the hinge line and that a passage for the lower spring is provided through
the boon supports. The pain boom support cen be flanged and hﬁmﬁi to the
ummr base plate for ease in construction {in the sanme manner as the small

support sectlon whieh holds the lower hinge).

Additionul holes ere provided in the main beom support for moving
the spring sdjustment mechanisme closer Yo the hinge line. This might be
necesgary if springs cenmot be obtained which have the comparstively low
spring constant recommended on page 16. The support attamt of esch
ﬁmfix;g: consists of a pogt and block which slides on & track snd is ad~
justed Py & micrometer thresded chaft.

e to the difference in thickness betwesn the support and the boon,
the clamping bar (sugpested to facilitete the moving of the entive seip-

mometer) is shown twlce es thick vhere it comes in contact with the boom.

The stationary demping eoll should be wound on either = thin eylin-

der of bakelite or on an snodised cylinder of aluminum snd this held to &
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stationary support with a clamping sevew which is free to move in an
overslzed hole when loosened. Four set sorews are provided for leteral
end rotationsl sdjustment of the damping coil. Binding posts i’mv the
¢oll lezds are chown end calibratlon ¢om be accomplished by giving the
boon & éiaylaeﬁm&;m by the simple procedure of discherging & condenser

of eppropriste size through the coil windings.

The area of the boom aud maln support in the neighborhood of the
ptrsin-wires is agein recessed to s thickness of one em. The same sug~
gestione as given under Design A sgein spply to the leveling screws
(with collars) and the leveling and centering srrangements. The dsmping
magnet is welded to the connecting block which is screwed to the vest of

the boon. ‘

- The boom ig edjusted to the proper period by first levellng the
base plete snd then adjusting the tension of the springs. The demping
is controlled by a series variame resistor (not shom) and both period

and demping ave checked by subseqguent celibrstion.
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PLATE 2

Design B
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