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% »  object of this work was to design a horizontal, long period 
eelBoometer which would employ a reeiatence-bridge transducer and to 
include compot&tloBB, apeoifloationa, and working drawings for the con^ 
strwctlon of such a eelSBKweter. It was further desired to outline the 
poBsibllltlee for remote pm^reeordlng.

The purpose of a eelmegr&pb is to make as faithful end as legible 
a record ee possible of one component of the actual earth*s motion. The 
term selsmogra^i Is usually applied to the entire eyetem whleh makes 

such records, while the term seismometer is used with reference to the 

instrument which contains the *seismlc* mass. Because a pendulum which 

possesses & large mass tends to remain at rest while its support moves, 

such arrangements are usually employed. To record the earth*# motion wo 
require the aforementioned * seismic* mass, a means of recording the men
tion in different planes or directions, a means of recording the vibra
tions of different frequencies, a damping device, a recording device, a 

timing device* end a magnification device.

A horizontal seismometer must he so constructed as to be affected 
only by the horizontal component of the earth's vibration. It follows, 
therefore, that it must be allowed to rotate only about a vertical axis, 
Further, because the motion produced by an earthquake (seismic waves) is, 
in general, oscillatory in motion, a linear oscillator rill readily re-
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apond to mieb motion. Therefore nearly all aelamometem are forced 
linear oaclll&tore. The eqn&tlon for & forced linear oeclllator la giv* 
en by'/yKi + a. 4  - F  C'c )  ^here the restoring forcé
(the force reuniting from Hookers lam, end puahlng the body of men# (m) 
back to It# position of eqnillbrlnm (% =  0) #  is ^kk.the damping force 
1# -a d*/dt, and F(t) la the forcing fonction * & function of time . There
fore a aeiemometer that is eeaentlally a linear damped- oaeillator repr&# 
sents the beet compromise me c m  make. 8&cb a aelsmometer employe a 
restoring force proportional to Ita dlaplaeement and a damping force pro* 
portion*! to Its velocity. Most modem seismometers are constructed 
according to this precept.

hinge

i
!I hinge
t
1

I

F igu re  1

A common type of horizontal seismometer 1* shorn schematically 
la Figure 1. The x,y plane 1* maintained vertical, thus insuring only 
horizontal motion and the m&ea (#) la hinged to a support so that there



1# equal tension on each of the hinges. The pendulum le pictured In̂  
ellaed from the horleent&l axle by an angle f to Illustrate the effect 
of gravity on the system. If the boom were exactly horizontal, the only 
restoring torque anting would be the torque exerted by the hinging ar
rangement. As pictured, gravity tends to dimialèh this restoring torque 
by an amount proportional to the mass (#), the slue of the angle * and 
the length of the effective moment arm, from the hlage-ltae to the center 
of gravity (X). Such a negative restoring torque la termed a lablllalng 
to rque .

long period seismometers are those having natural periods of oeoll* 
lotion that range from ten to thirty seoonds. We method of adjusting 
the period of the pendulum In Figure 1 would be to vary the Inclinâ  
tloa (^ ). An Increase In its shown direction would Increase the period 
until Instability develops and an inclination of the boom toward or below 
the horiaontel would decrease the period. It is often desirable to have 
the seismometer adjustable as to period, covering a range from three or 
four seconds up to thirty seconds, Period adjustment has been provided 
for in these designs.

%hen a linear oscillator Is contained in a frame or support, the 
simple expression ^  - f- may be applied, where the force (F)
acts on the mas# (m) whose acceleration Is given by g/'y /</ 
and % is the position of the mass relative to a hypothetical fixed 
point. If the support is displaced an amount y by the movement of the 
earth, the force acting g& the mass will be the sum of (1) k(y * x), the 
force pmportional to the relative displacement, and (2) a, ̂  ^
the force proportional to the relative velocity, then have
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or

^  ^  +  A o - t j )  =<2>

$ # tr% o t i# g  f  ̂  / j f %*" from  b o th  Bldea «111 g ive

& )  -,- < f e - i ^ ) - « - A ^ - i ) = - *  « t ^ t 4

The relative dlaplacemeot (% ^ y) of t W  m&e# (m) le the meaemr* 

able variable for She eeiammsetere herein di9cus.aecl» If we let this 

variable eqtml % (n =  % ^ y ), *e «rite the eqnatloh of motlw #e

I* -  ^ M/d c l  +  a- ‘t y d c  + A  -« -=  - > n i  <f-lÿ / 4 x ^

and #e gee that the meeawrable variable behavee oe though a foree had
bees applied whl# Is proportional to the mae* of the linear oeeillator 
end the gronnd aooeleratlos.



« e HORIZONTAL g m m m m m

Period Poraulae

The period of en undeaped pajdulua is given byi 

T =  Z i T
\ [ Reetoring torque per unit eogle

i

f ig u re  & F igu re  3

Flret ecmelderlng Figure 2, #e here a vector F acting en the vector
r Wiere le a unit vector making en angle of ^  #ltb the y axla

In the %*y plane. F le the force due to gravity (g) acting on the m#*e
(m) and In vector notetlm may he erltten æ  mg, % e  vector r cor-
reeponde to a pendulum arm and it le dlaplaoed en angle 9 lu the *
direction. Then

T6 ■=. X * ' i - J i j  +  JL z. a n d  -  s in  f  ^  cas  ^  j "

Ihe torque about / u^ la then#

L  r- -  z n ,. (  F X Y") -
— 5 /Al ̂  Cos ̂  o

x a *
O -âeiQ 0

' i

-  -  z s iv i  ^



For email angles of dlapla<x#8at 0  # =  % 0  vWr# % le

taken as the boriBoatal distance from the hinge line to the center of 

gravity (see I , .figure'I). . Therefore ^ - r - r & n m j  ̂ " Y f  or thé
torque per unit angular dlaplacemat 1# - x . If the axle
(repreeeated ty the unit vector n^) la luellued #o th&t f c o g  ̂  ^

the torque per m i t  angle la -r % mg aim <j> .

to determine the restoring torque supplied hy the auapenalon hinges 

#e flret consider Figure 3 Which 1# dream 1m the &,# plane. If flat 
Spring hinges are uoed, ee earn eaaume a cantilever eetloa and use the
elastic curve equation to calculate W e  force (? ) necessary to produce a 
displacement xg at x equal to W e  hinge length Â  . the force (?) (see
Appendix, p# 1 ) ism found to be P  ~ 3 E X  ^ / 3 # (S 1# îoung*s
modnlna of the material, I la the eecond moment of the eroee-eeetlon of 
W e  hinge perpendicular to a neutral &%!&). %e now proceed to calculate 
W e  strain in a filament on the aide# of such a hinge and me aeeume that 
oC (Figure 3 ) is a right angle for small ..angles of ̂  « Then 6 = k  Tsn s> 

Were h la the perpendicular dlstemce acroea W e  hinge cad = TAN e . 
The etrain le therefore given hy

^  r k T o n  ô  _ A -z/J L *  k
^  uL ------- -

and d*/<&c (see Appendix:, p. 1 ) equal# P ^ / Z  E Z C  . &ihatltutlng 
W o  value given for F (above), d%/dx - 3  %jg /Ĵ  and W e  strain la given

^  - 3  Zjg k y/z jĝ

W e  reatorlmg torque per w i t  wglo created by W e  hinge# #111 then 
be W e  force (?) time# W e  effective moment arm divided by W e  unit angle.
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X

Figure 4  shows the hl&ge ia relation to the beam emd Ite eagmler 
dieplaeement 2 k * The figure alee @ko#e a hinge line paaelmg through 

the center of the hinge. The equivalent exie of rotation of a hinge 
that 1 0 fixed at one end and dl&plaoed et the other la approximately 
oae-third of the hinge length from the fixed ead (Hellenic 19^6 , p. 1 0 0), 

Our pendulum mill require two such hlage*, one fixed at the opposite end 
with respect to the other. Therefore our actual hinge line will be 
slightly displaced from the vertical. Boxever, this dleplaaemeut is eo 
email due to the small dimaasioue of the hinges compered to the length 

of the boom and the dleteace beteeen the hinges that me aaeume a hinge 

line p&#elng ihmugh the center of each hinge* For mall angles of a  

(tarn 9  - 9  ) we may write ey (Figure 4 ) me 0  end the eeeoad momrnt 
of euch a hinge wboee width ie b* and whose tbieknea# le h l# given 
by b* h / 1 2 . Therefore the force (?) la;

p _ "3 E X  *£ _2_ , A_A .
' ' c o T  “  c *' ^ / ) 3  ^

and the tor## per w i t  mg l e  (TL) will be*
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Bor two hinge#

X . 3 X  ^ k - A

the eubscript (^) is need to deoig&ate "binge.* 

9he period formal# now heoome#

T =  3-TT \
3 3

I ̂  — X SVAf <̂

where is the angle of inolln&tion from the horizontal in *& nptmrd 
direction.

Moment of Inertia of the Boom

#or # imlt m s #  at & dietenee r from the desired axle of rota- 
tion, the smonnt of inertie is given by X! - v-x .

/
Z  l  ^  z -v

v .1

dx

Figure $

Ihe moment of inertie of the meec ahowa in Figure $ t&km about the ^s v

y mi# sill be Xjj- = C  f * *  ^  is the density of
the material » ilso from the .figure à  v ~ ^ ̂  j

• ' *  = r v  I t - ]

,1



For more them erne maee the total moment of Inertia (1^) will be 

%  4  1% 4  etc. Mkewlee the center of gravity (!) earn be celmm^ 
leted for any number of eeeool&ted meeeee by

~ 1- V  ̂ 4- /’v^ 3  y 3 C B
z>»i t i- o r r v ^  C G T c

Design A le pictured in the three-view drawing Plate 1  (encleaed). 

It le e simple borleontel pendulum which la supported by two flat eprl&g 
steel hinges under equal tension end is damped by m  aluminum vane mov
ing in the field of permanent magnets. The support should be annealed 
steel, the major pendulum meae of braea, and the other parte of the boom 

should be east or machined aluminum.

Bote* If bonded strain gages are used to record the 
atrein produced by a unit angular deflection of 
the boom, they would be attached to either aide 
of the spring hiagea* Such an arrangement would 
add little or nothing to the restoring torque 
(T&). However, it w&e found that such gages 
would not give the proper oeaoltivity, and wire# 
which would undergo strain were introduced. The 
mathematical justification of this design princi
ple la given fully under the section fbe EleGtr*- 
Meebanicel Tremeduoer which follows. It ia nee- 
eaaary at this time, however, to introduce these 

, wires into our dlecuaalon of Désigna d and B be- 
cauae they add to the restoring torque acting on 
the boom and hence affect the period of both dé
signa*
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STRAIN
wire

boomsupport
X

hinge line _y/ l il

M ger# 6

If wires are attached to the boom st the hinge line aai then to 
the eupport me ehem in F&gwe 6 , the etraln they will imdergo may be
written &# G  'b /Q

*
The restoring force per m i t  angle (G) duo to elree attached in 

thie manner # 1 1 1 he

R>X=-C. E ^ Z . M • A . s T r b ^  -  2  Al A Eu , . ^  b/j&

ehere gf le the xmaber of wire# per eide» A le the croee eeotionel ere# 

of the #lre end ie foung*@ modelne of the *ire material* ihe nnmerel 
*2 * merely Indicates that there are wire# on both aidea* The terqw per 
m i t  angle (1^) m y  then he erlttea aa

Tu, = ^ 4  . © >  . b - 2. A/- A - Eu, • C / J l

#e r e  & ia the #ire length and b la the dlatmce out free the center 
of the boom or hinge point «"* the effective lever arm*



T ~  a  ir f

5 s / ”  4

3 T - r

$el#g the dlmmwlon# in d le o tW  cm P la te  1 and the  fo llo w in g  d m a t^  

t ie #  (Â1 = 2 ,5 ,  Bra## -  8 ,5 )  t o t a l  m a m t o f  in e r t ia  (% )#  the  

t e r  o f  g r & v l^  0 )  amd the  #### (# ) #ere oe lou l& ted  to  W

^

m = 8 8 #  # # ,

From the previoualy derived expreaaloo# for ^  m d  ^  # d  Wlag the 
fbHewlBg dlmwalona for the binge# and wire#» the total reatorlag torga# 
#a# oaloalated.

%  - 5 ,lf0 ,@£» iSS- « 2

B s s

Thickne## = b  -  0 ,02 am
m d tb  =. b* -  1 .0  am,
Length =. = 1 .0  om.
Modal## _ ^  20.5 *

Mameter -  1 1
Length =. ^
Maaher s  B
Modal## =
Moment earn =. b

1 mil - 0 . W 5 4  ma, 
4  -  3 .0  e#
M -  4 ,0  . .

=  15,0 %
0.8 am

(# t# $ l)

# @  emly verlabl* remaining In the oerlod fonmla 1# <k , the angle 
of ami# iaollaatloa, if # 1 # angle 1# met at 3* 5 1 * by mean# of the level# 

la g  mere##* #e d b a ll  o b ta in  the fo llo w la g  p e rlo d *
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J7 39V / o 6

J~.3<7>C/0C
J1 3 9  Y/ O 5 ^  aTT  y T 5  -  7 ^ . 7  Sac^rvxd.s .

and # m  the  pendulum 1» h o r iz o n ta l*  ( 6  = o )  the  pe riod  W H  be 

T  = 9 -fT  V V - 3 f Y ^  __ tlTT V^56™3 ~  3 . ^  SÆC.cr^&T.
W -S TY /o  6

howerimg the boom below the plane of the horizonW. will further de
er eeee the periods

The de#$n^ reeomamhW to be exiled to thl# deeign ie the conven- 
tionsl type shieh sonsiste of a copper or elumlrmm wse attached to the 
end of the boo# n&iich move# la the field produced by permaent a&g&eta. 
The damping ie ohamged or adjusted by moving the me#aet#. It la pomelo 
ble that the dm#iag errengemmt outlined under Design B may be applies 
able to thle deal# elao and ite limitatione are cited under # e  section 

on Gpm iag.

Î graduated leveling bubble 1# auggeated aa # means of roughly 

cbeekiag period control end the umaal limit etep# near the boom m&e# 

are provided to prevent large dlaplacemeate #hl^ might anap # e  
gage wirea. a clamp bar la provided for locking the boom and also aervea 

to hold It in the oorreot position for changing or adjusting the hinge* 
which are held in place by fillet* end aet acre#*. The method of attach» 

meat of the wire* will be covered more fully under Dealaa B, The bane 
plate *h<mld be a bra#* caati^ with marginal groove* for an air-tight



trmap&rmt plastic cover box. It might be desired to drill the damp* 

log yoke for @a #lr jet by m e m s  of which the born» m y  be given eoa~ 

trolled impulses for celibretlom end edjustmmt.

Design B is pictured in tbs tbree»view drewimg flats 2  (mclosedj# 
It i# mounted on the same type base es Design A end has the seme type 
limit stops, clamp bar, level vial cad leveling screws. The hinges are 
the same material but of smaller dimensions due to the smaller mass 
which they mast support , Damping is supplied by a moving coil of the 
lond-epeaker type moving in the field of a permanent magnet of the speck» 

or design. This arrangement will be described in detail under Damping. 
The main difference in this design Is that the labilising (negative re» 
storing) torque 1# produced by a pair of eliav&f springs ablch are at» 
tabbed to the boo* to the right of the hinge line. The support contains 
a passage for the lower spring and the support connections of the spring 
are adjustable (micrometers) so that the degree of astatisation may be 

varied »» end hence tbs period. If the seismometer is maintained level 

and Tg designates the torque per unit angle applied by each spring, the 
period may be calculated fro*

Another feature of Design B is the use of the damping magnet as the 

main mass of the boo*. The magnet is welded to a smell block and this in 
t o m  is screwed to the rod of the boom. The damping coil is fixed firmly 

to the has# plate and is centered in the field of the magnet by suitable 

adjusting screw#.



Figure 7

AeaumlAg the etetltmery ettaohasBte of the eprlmge far-dletamt 
to the left of the hinge line, the lever arm of the epring ehomn In 
Figure 7 would &ppro#lm&te ̂  in length. Aaearning 0 6 we eee
that *&* = tV ©  .

the force exerted by a <yllWrioel helical eprlng of clrohler oroae 
aectlon %hen under tenelon le given (Karke, 1941$ p, 486) by:
F= (% f  (d V e3 nrv where is is the shear modulus of the material,
4 is the wire diameter# f la the longitudinal displacement produs# 

lag the fore# F* e 1# the coil radlue md n is the number of turns 
in the soil* The longitudinal displacement (f) is taken as the din# 
tease between the spring conaectloae minus the length of the olosed 
spring.

If the labiliaiag torque per unit engl# ( ©) 1# for each spring, 
we have

T s =  f j L ^ Î Ü J Î ^ P ,  < k A l ± . 4 L e  _ (?5

e e " ZTT^r
shor# (k = C, , the spring c«mstmt, and d* is the dis#
tance from the point of attachment (spring to boom) to the pivot ami#
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of the pea&&im. 

m

Wing ellmver for the epMng mmterlel (Woaooe of the stable #lee^ 

t i e  ^ m ra o te r la t lo o  eh lch  th ia  m &terW , %xw#eeeee) m d the  folleW Log 

dlmmaloo# of the eprlag» *e the eprlng ooaetemt

0 ^ = A #9 % 1 0^  (dllavar) # - ^ 7  (tome)
4  - 0 .0 1 5* * 0 .0 4  m .  # = O.B om. (coll redl%e)

t X c ^ -  - W 0

end If d* ^ 5 .0  mm* (the boom dletcnee of attachmmt) end f = 5 0 cm. 
(ett&dhed e#tng length minus eloeed spring Imgth)» the labll&alag 

torq%@ per m i t  angle heeomee

~Ts z. ed. ^  - l{ 3 Y t o * X  S' X 3 0  ^ £ .  v y  d^>ios ~ .

%he moment of Inertie of the boom #he*& in Me t e  2 le o&louletea 
ee follo#e$

^le = 1 of P&rt to left of hinge line
<  I of pert to rl^ht of hinge lime

- % of rod

1* - % of ooxmeotlng esaemhly from boom to magnet

3L - % of me#et

1̂ . - Total I - the m m  of the above.

Prom the prevloWGr developed moment of inertia form&a,



where 1» the dlstmce from the hinge line to the outer edge of a 

unit m &  %  là the distance from the hinge line to the Inner edge of 
the m i t  under consideration, we e&lewlate

$ IS =  t i f - s  1# m 1 [ 2  ^  -  S

% =  a . S K i o a w E / ^ s - e ]  = 2 0 6 0 » *

%  -  2.5 x -rr x ( . 5 f  L 'V ^ - "V-’j  -  456 *  «
_ 3  3

I j  =. 7 . 0 *  Jjè 3 [ ' ^  -  ^  J J 16700 » »

for a cylinder of esâlus f snâ length X W m  a t  an rxIs a dis-
temoe a from the center of the cylinder I le given (hodgm&n, 1 9 4 7 , 
p. 1 3 3 8} ®sî %  -=■ /rn ( ' T -<r w  ) f /vw. a?" . # $  mss© of the magnet

le suggested &e 4 0 0 gB®*» the rodlue no 2 ,5  cm., the length ae 5 ,0  e#., 
and the distance to the hinge line from its center le 15 @m, I; may be 
written eat

I H c  y o o  -f ~ j ^  ^ y /jT1 = 7 . 7  y / o * ^ ' * \ s ~ c y * ? .

The total moamt of Inertia (%} 1# 1 ,0 8  % 1 0* gm&-ea? end the ease of 
the boom le epproxlmetely 7 5 0 gme.

The binge# need on Deal# B need not be no large on those of Design 

4 elaoe they mpport e oo&elderebly amller men* %  end /( rea&la the 

aene (gee pâ 1 2 ) W t  the wid#k (b*) le now 0 *5  cm* and the thlchneae (h)
In 0 .01$ om. %  for Design 8 m e  computed to be .2 2 1  * 1 0^ dyaee-e&, 

per unit angle.

A
The earne arrangement ef wirea ere used end T* 1# again 1 2 ,7 8  % 1 0  

dynes-am. The natural period (from the formula given on page 1 4 ) ^nn eo#»



mited as 6 .28 seconds. In  laerease la  the  aprlng  lo n g #  ( f )  o f  0 .01 

cm. will inere&ae sufficiently to omse & period ohmge of 0 .1 7  see* 
onde. The adjustment on the spring tension et the enpport ends met» 

therefore» be controlled to 0 .0 1  @m, adjustment of 3 .0 6  cm. nt both 

of the spring eupport eomneotiaae will effect a one-second period change, 
Increaeing the tension will increase the lahHlnlng force (2Tg) end 

lengthen the period. Decreasing the tension will shorten the period.
The period calculated above (6 .2 8  ace.) 1# for an f of 3 0 ,0 0  cm. %f 

f la inoreaaed to 3 1 *1  the period will be 2$ seconds #ad if f 1* de
creased to 2 9 .9 2  m .  the period will be 5 .0  seconds, giving a range of 
twenty seconds of period change for a movement of 1 ,1 8  cm. at the sup

port connections of the springs. The adjustable spring connection 
posts» their sliding tracks, and the micrometer screws should be con* 
structed and mounted with reasonable precision, and reference marks that 
are equidistant from the hinge line should be scribed on each track for 
comparison purposes.

The constamtan wires» which undergo strain when the boom is dis
placed* should be attached to the boom exactly at the hinge line and 

equidistant from the center* as shown on Mates 1 and 2 . This may be 
accomplished by setting two small posts of fused quart# or sapphire into 
the cast aluminum boom at the positions indicated on the plates* Similar 
pins era set into the support and the wires are snubbed once around each 

pin and then led to the soldered connection point#. It is desirable to 

eoaaeet these wires to the pins In such s m&n&ér that they will all b# 
under similar tension. It is also desirable that these pins all be of 
the same length and that the wires are connected to them 0 ,8  cm. from
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the oemter li%e of the boom. An opening is suggested in the support 

directly behind the connecting poets so that the ulree* ubieh moke up 
a %be&tetoae bridge circuit, may be connected properly without exee#*» 
ively long lead wires. This circuit l@ dieeueeed in the following 

eeotion.



I t  he# loag  bem  th a t when a noadwato* la  p laced e ith e r  la

tm%slle nr @@mpre*@ive stress ̂ the eleetrlael reeletemoe changes, 

a wire 1# placed under tensile atreae, the wire Weomea longer and the 
er&ee section deereaaee. # e  change In dimension# of the wire can be 

expressed in terms of unit elongation end Poisson*a ratio* However* 

the mine# of reelete&ee change predicted from dlaenelonal change# do 
not check closely with the change# me&ewred experimentally (Helleea* 

1943* p . 109)*

for meat metal#* the strain aenaitivity (defined a# the ratio of 
change of unit reeiotanoe per w i t  strain) would he expected to he he# 
tween 1 *5  end 1 *8  from the consideration of only the dlaeneional change# 
of the wire* Instead, most motel# and alloy# have eenaitivlty f actor# 
eonaiderahly higher. Cw#W%ten 1# given a# 2 .0  and the lao-ela#tie 
wire need In other commercial gage# 1# listed $# high a# 3 »$. Thl# ha# 
never been ea^Lmined* The re&eon probably lie# in on actuel change of 

volume re#l#tivl$y of the metal (geilecn, 1 9 4 3* P* 1 0 6 ).

Bonded strain gage# are generally made up of & few loop# of fine 
wire that are ammted on a Sheet of thin paper* Ihe end# of the wire 
terminate In atr^ger lead# for connection ease. These gage# are then 

cemented to the article undergoing strain and aeoorately transmit the 

atarain when their reeietence change le meaanred by a Wheatatc## bridge



or otbar mm#* I f  #&# type of etp&&&*r#eerd&R8 &**&#* more
to %# *#*& && %&### é#*lg*# the #***# #a#ld&* mttaohod to the e M e e e f  
the *#*&&# fhe #%**&* m  the #&&** of %&### Mbagee #a# 6e#l*##

oe pege 7 e*a f*%W to he*

*  T > Z i k / 2  l

##m h in  the" thŜ Bees# jR is the %m$Vk, m# is the iiŝ se#* 

sest at the 1mm mâ of ## Wsge* é jt e#&ls * ^ / i j ^ is #o

*&t*elae#m#at of t M T x M w a w W  &** to g*%m& motios m 4  & 1* the of* 
feotiv# iesgth of the p e & W m  (see # # r e  4 ),

&ooef# & 8  to aohevtsos (194$, p& # )  the e m p & l W e  of the vihts- 
time mweeà hy eerthqWee# t# i*#&w*wwp*M* miorese (loM cm.) m é  ## 
msll let iSt (the W o *  d&e%%&«w3e@ke*t} # # * 1  9 a* 1 6 ?* ea. f r m  Beal# &, 

b eg9*&# 0 ,6 &# a#., j( # # # 1 * 1 sa,, & e#ole 1 9 <9*. sad there* 
fore z A = ^  / L  -  S ' % t c 9f% / /  = 3 % /<r *"<&,* .

#t* e t W a  1# tbs* giss* by

6Â  = I*. ? * ' » _ 3  - C  ̂  = f.. y  y  ?
x  y  / ^

&# bee h e m  eteted, the better type of eomereiel etreie gsgee bears 
at eesaltieity fester of 3 ,4 9  sWLeb i# mpfeeeed msthmstiselly e#
a  fV^. /  <v^Z. ##r# e/J l i» the etmim, 3*41 * strsis
% totel reeistmoe, for m  leo-elsetio @&@* (svalleble eomwrsislly) 
ebere totel roeietmm 1# ogwel to 1606 -fL,

^  |t= 3.45 » 8.4 *  10~7 a 10»  =• 0.003 -ft. change I» 10»  VL .

Caleulatlone under aamlfleatlon to # later seetlon shew that t M *  change
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&à 1# eet mCf&slmt ta permit t&e s^eeeaimg of aay W t  t&#

large* eoti&gwkes wbiab m&gbt o o w  to the e6iam#y##&
etoMea*

W# * * & a g  % # #  %o flgwe 6  ($*#* il) t&# #%**&& e* t&a *&e* of 
le&g# 4  mt & dl#t*&a* b f p w  the emWPl&a# of the boo#*# m e t  ÿe- 
iitie# mp be srittea as a &/  ̂ * iesnaieg email m0*m of Éi#âw## 

sent ( & T̂ovkl©) ## etrei® #111 be

éA  - ^  -  b »
'  u  u  u  Z T T

gela* # e  d W a e l m e  eoggeeted i& Welgo B» memely# b 0 ,8  ##*,
J? egeele 3 # * .  ,  & ##M&# 13 om* w &  a  eqpwle 3 a  om** * *  ae# »

that the etrsia is

%  « -  , n  Y / c T *
3 y  / y

%b* * e # W m e #  of ikes» 3  4%#» leRgt&e of # W  om# mil 1*
dimeter mm be ealomlatei from where f  is the reeietirity

(5 % 10P# oh#**#* for eosetsats#), J( 1* the la&gt& (6 @#,) #&& * 1#

# #  or## sectional m m  (ttV* ) .

The ssmsltiwity faster of esastamtsa is 8  so me may w i t s

- 2  x  ^ y ] ? .  = &x 6  o

-# n =  O . O O t o J ^ C l .  CLkvq^yL . V  6 0



{k lW atlo a#  a l& tér ae@t&@& preva #& * reâ&at*

m a #  gbaage te be raeerd#]^ for grmmd ef $ *  %#*&
m * saâ m m  im & *

à# #a# atatad emAlar, few reafatmee am#* #lt&*r %*m*W #tW& 
#ge# or wire# are m%bj##tW to a atrata by M#p&meamt(A)of ##
iisim» #1# #trais proSiees a ohesge Is resistssee m â  tàla., 5s Ws *  
imW.as##a a Qbeateta&e &#&&#* olreslt sad defleota & galrasometer ef
some other indieating d e v i c e *    ,    -,___:__

If & and B are the wire loop# os one aide of the pasdnls# and 0 and 
IB are t&# loop# e& the other aide* we have the olronlt ahom: is Plgm# # 
If all the loope are of th# earn* lasgtb and name amtarlal* than for any
strain

R + A R

a Mgsre 9

A = a -  &+ A & *&& B = & = a -  Z» & 9)

% e  reslatesoe beta*#*#* W ;  (#1##*# 9) is %& and the wrrest fleeing is
esoh hraneh is I - é  /il. ISe potential drop in B > ( î t m  b)



«##1# l(& 4 a  B) #ad the peteoti&l 1m & - a# (fro# b) #q%w&# 

l(& - /t &}. Tb# ia potential ear*## e*4 le # # &  f- a&) *

(& »» a %)) ar ̂  as/&.
By %evwlA*e #eoy#* 1947» p+ 110) *@ a w  m&*tn*e% #&#

egulvaleat elrcult ab#m la Flgpr# 10,

 v W v -------1 *“ j

 S 3- - -
Flgwe 10

z
<Ê ##ala the éiffermaee in  peteaiisl mmm c*â #1# 4» £

#84 &* i# #lvaa a#

^  -  (TRt-afQ-f-C^a^x ( _ % R y 2  ̂  __ ^  
(R-KAR) ̂ -('R'-aa) i-Clt^aR.) 14 R.

(### flgav# 9 )

g#lv#8oa#t#r #W & #tie* #ea # **&  la  term# @f *# # # tW ty , #0 tl 

###l#t#8## #a& #%tem#l ye#lat#ae# awded fey e rltlo e l daaplag* #&m&* 

o##t#re a#y &*v$ #a external w ltle a l 4##piag reeletame# of lee# them &» 

aad la  t&at a### the galvmometer m et W eWàteé * lth  #a #M ltla& al m - 

eleteaee so that tb# eydvalm t eeylee *eel*te&e* 1# the *p # tfte&  W # *  

12 erltlW, &##&&& le desire#,

Sap elroalt m y  W  i**@wp*wk*$d& as*

figure 11



R# &# the #8#&#We$ fo r may @l?@a 4#0%# of # * # * 8  #&

il# t&# of the ee&l* I f  the extemml WMee%

amptag yaaletemee e#eifl#& fer ta** gelreemeter 1# gm&ter t&é# &  fer 
eay ***& bridge efreeit» m #&##* **#&** may be a#*a. Be#*
ever* tuf * a&mt reeietaaee le re#l%#d #e bave t&e f*&lo#ts# elreelt#

w v w

Figure 1$
i ,

wbere = A '> i r  ̂  m #  therefore, n  r  ^  Ej ^
a , rT T r T

% * curreat flomto# la  the g*Iveaometer eithoot the ehw t r#e la t* 

#### m#y be #*qp*M*aw*ed( by

-r:'' "  p f ^ f j p 5 ̂  <see 9 •** u î

#W&* the eurrm t flovlag la* t&* g *lvm *a*t*r e&th t&# # m t reeleteae* 

la  the e lm a lt 1#

-i. =■ X • - -*■!- - ~£_  . a, _ <f r̂s. >., _
« ^.+xtd Cp '+p 33

fbem # #  é # *tle »

^ 0ÜO= (Merideth, 1949)

%&ere m l *  the degree o f #*#!& #, lu* i *  ta*# mdamped wt%&*& freqæaey 

of th# galreaemeter @#11* B 1# the fie ld  etrm gth of the #palv#aomWp



*@ #*t la  A la  the are# of the #*&1 1st ##### ##** If # *  mm*

her of tom# 1» # #  #@11,*^ # »  a#*ea% of la a rtla  air the e& ll* ## the 

aarla# maletamae m& t&# #o ll yea&aWige* #* m y  #rl$# th# 

amateat (G)$

c ’

&g la* amwlly g&vea 1%*# aq«mer#l&l galvaaowtere aad &* le #*** fe# 
*g@#l to aaity* fbaeefoe* the eoaataat 43 @ m  be **#&#*&#& f&r ##y ##&* 

v m w te r #&d 18%#* aerlea me&etaae# (&*) fo r ether W #*#  # f 4%

eaa be a&leul&ted, Fro* tb l#  %  *ed & kaoea &* (&#z= %), &*y be db*

W&#&* 3&9#&a# # #  la#####d voltage (d:) *&@ the dbeage la  reg&etaea#

' o f #&@b arm o f t#M* bridge #ay be readily avelm te*.



The prlao&pl* ôf at coll wmolar mgnetio field b*a h e m  e#* 
ployed to effectively damp DeelgR B end poeeibly Design 41, From the 
equation of motion

H  +■ + J * -  &  =  F ( t )

vhere k 1@ the reetorimg force per unit angle and & la the damping 
torque per unit angular velocity and I la the moment of Inertia of the 
boom,

For & coll of length moving la* a fldd of B g&wse with a cur
rent of xl cgom unit# flowing a equ&le SI % J? (ogam uni to), Con-
ventionally? x  -j5 aepereis m A  A ~ f 3 J l / / o  • The eleetromotiw force 
( & g m  units) generated by a moving coll is g & r m  byt & JZ  J L x / ^ / z r  

where ̂  is the unit linear velocity (r where r is the ils*
tance from the hinge line to the damping coll center).

%h* Tblt&ge (B) may then be written an;

E " I T ?  - 4 £  v o L r s

and the current (I) as:

[t /o rX -  Jp~ = ^  A^et^eajâirC r> I* S' /i'T' '

lib follows that;

«•&- i& u ■

and it = C T ^ ^ r /  &  /*^ ==r force/unit angular velocity.



"Rie damping r&tl* ( f fer damping) Is expressed by the
Symbol 49 #md equal# where jf- &/z% * the damping conBtaat end
(M0 = f X / l T  the undamped natural, frequency, fben n j =  j f c  = a/z-T^

.y  * M y u r
aad a -=r 07 y-A/JC *  2 1 1  .

If the damping applied to an oaolllmtlag ayate# la proportloeel to 
the velocity, the oloaeet approach to & oorreot reproduction of the 

forcing motion 1# obtained# (For a wimaometer this forcing motion la* 
the ground motion). From a study of the dynamic reepq&ee of such an 

o&clll&tiog ayetmp It la* fbuad that reeoaaace occurs then the frequency 

of the ground motion equal9 the natural frequency of Ida# eelemometer. 
Since resonance la highly undesirable, damping i@ applied.

Critical damping (0? r f ) add# no particular advantage ** It carta 
amplltudaa, reduces the range of frequencies for Which the amplitude is 
eceentlally constant, and latroduoee an additional phase shift —  but 

w i t h e q u a l  to 0.7, resonance i@ eliminated (Bell&nd, 1966» p. $88).

Returning to our formula for a and letting 49 equal 0,?, a* have

a  =  / .  y  j r  Va T E "

SibstituMng 2 tf/T for i t s / t ,  where f is the natural per 1*4, m  h a m

4 , =  2 . f" 7 T  O T / r

the damping torque required for 0.7 critical damping of a system abos# 
moment of Inertia is % and whose natural period Is T.



The dimension# aod obar&eteflstlcs qf & three cm# coll and wmular 

magnet ere given Wle*.

Field etreagtb -  B —  10,000 g&uee

Wire length —  4  - *iTd where m =  &o. of turn# =-18
d <r diameter of coll — 3 om.

then Â. — iljl- os*

Bietaaee, hinge line to ooll eeatee = r =  1$ @a,

& - B@ +  %  coll reeiatanee 4- ab&Bt resiet&aa#
where %  -

Reaiatlvity of copper — - 1.7 x 10"^ dbme-cm,
Ire* (eroaa sectional} of wire —  Aztfr# _  % 10*2 cm,^

Wher# r ^  0.00&2 om. wire radio#
=  0,098 Ohm#»

If *e short olreult the ooll (B# =  o), we find that 

O, =  f o 1 -  i o r ' * ( n j f ’ r  i s r / ' O ? * *  /<>, ^ ( . ? Z y / o S~ d j „ c s ~ c . * ( %

Thle^ then* 1# the damping torque available from a ooll and magnet oosmon- 

ly found a# part# of a three cm. l@#d-8peaker*

If the eeiemometer of Design B i# set for & period of twenty seconda* 

the damping torque neoeea&ry for 0.7 eritloal damping 1# given by (&) when 

I equal# 10^ g#-aaP ##a

Ci x  2 • i* YT X / t  - .r 7T x lor/z.o z: . </V y /ef^ - ĉ w.

If Bg 1# included a# a ebumt acre## the coll terminal#* the damping t&rqne 

produced cm* be made equal to the damping torque desired, namely, .44 n  10^ 

dyne#*##.



From the exppeea&ea for the deaplag torque ve solve for a ooa* 
at&ot C m d  evaluate

R $ -  c-̂ fk ĵn/yf/s-̂ /,f2x,*v

where fy le the reeieteaee to be varied aé the period le varied to mala-»
tala 0,7 e r i t l e s l  dUuaping ( . o ^sr 2" o . f  -ru  ) .

With the period eet at temty eecoade ee have oaloalated the deelred 
damplag torque (a) to be .61 X 10^ d^nee-ou* Solvlag for fy we obtala

R , =  r <9 . 3 3 6. *41/ Y  r o  * “

M t h  the period eat at five seconds the damping torque required for 
0.7 critical dampia# let

Cl =- 2. lr IT * /osfs ~ ' ^  /. 76 x ,S c*3 a'/hts - cm ,
\

and la glvaa by

%erefo%% we see that the damping may be accurately eo&trollad with 
#o#e arrangement of variable reslator ooRnooted aeroee the damping eoll* 
#%$ rmge of thin variable realetor should be from 0.01 to 0*M ohaae for 
perloda of from five to twenty-five seconds, reapeatlvely.

for a five second period of the seismometer described as Design 1 
the damping torque required for critical damping will be given by



ë. = a . f f T Z /  ̂  The moawBt of inertie (I) of W s l #  jl

ie 5,4 % 10^ gm-om^ and the regolred dating torque 1# 9.5 % 10^ dyne#*
The available damping torque from the three om, coll outlined above 

1# .45 % 10^ (et a distance from the hinge line of 35 cm.) and the cell
eonatant (  (L — >*■ / 1 o *  ") met be at least ,95 x  10^. fo p m *

vide this the ooll diameter end the number of tairae met be inoreaaed 
considerably.

If a magnet end ooll errangemmt which a&tleflee the above require^ 
mente can be obtained* the magnet should be Included as part of the boom 
mean end the coil mounted on the base plate a# In Design B. Because of 
the rigid requirement» for such a damping coll and magnet the convene 
tlonal vane~type damping la recommended for Design A*

faae-type damping la provided by the physical fact that a closed con
ductor moving in a non-homogeneous magnetic field sets up eddy current# 
within Itshlf and these* in turn* set up an induced magnetic field vhW& 
opposes the generating field. This is the same principle used in the 
coll and magnet design but the coil-megaet method can be controlled with 
more precision through a change in the coil resletaace. The v&ne-type 
damping torque la dependent mainly on the vane material* the croaa sec
tional area* the speed with ehloh the vane moves relative to the gener

ating field* and the strength of this field. Of these, the strength of 
the field la generally varied by movement of the magnats, thus controll

ing the damping (nee flat# I).



epeoifleetione for moet oommerelml g&lvaao&etere In*-
olWe (1} the meaeltlvi^y (las %9ioroe##ree per mm* or am#, per 

wqpere) $ (2) the coil reeletaaee (3) the external aeries reelet^
enee for erltleel damping (Rg o h m  1)* and the aeteral period (%)

Wed# m d  Borthrmp (1%6* p* 10) llet the following oh&r&oterie* 
tlce for their type BS, IMS» moving eoll» refleetleg gelvmometere*

2 2 & W

22%-e

per ma*, et, 1 mete^ 
0*008 mierompe 

0.00$ wieroamp*

&

40 21

300

The Reilend Research Oompeny (1948) mmmfmetoree a galva&ometer 
(Type A) #hi(h hee e lieted eenmitlvlty of 800 mo/milliiwp at 30 erne*, 

e coil reeietenee of 3$ ohm*, a period of 0.02$ aecoeda, m d  am exter^ 
nel damping reeieteace of 2?$ ohme et ^  =  0.6$.

from the fonmle developed on page 26 ee can obtela the eonslawt# 
(C) for the three galvaaometere outlined above. The valnee of the re^ 
epectlve conetmt* mere eolcWL&ted to he

Weds end Wrthrup jg%284^e 0 =  61 # * #

%^MiemdMorthrupjm84-e 0 =  1$00 ^
gellead Reee&rah, Type A 0 =  462 *

end Rg et 0.6$ critical damping for the Bellaad Type A galvmometer 1#»



It a galvsaoiseter iW,@h hw* a matur&l imdamped
period of 1,5 sRcondo will adequately folio# the motlm of a eelememeter 
aWee period is twe&ty eecmde* Oalirmometer dmgplag le taken &e eevem^ 
tmthe erltlG&l { ̂  : 0.7) mad the fellowlag ma^lfloetlon eelealatloa# 
aye ebtalaed from fomalae previously developed oa page 2$. # e  eouree 
of D* G, voltage ( ̂  ) le eoggoated ae three volte (gellem, 1943, 

p# 107).

Ml.#
The total realetaaoe {&) of one type of commerolally avslla&le 

etraln gage 1# 1000 ohoe (Nellaen, 1943» p. 106) and the reeletaace 
change ( ̂  R) ohl^i eooh a gage nndergoea then att&obed to the hinges of 

Beel# 4 le glvm on page 21 e& 0.003 o&me for a eeieaomete? boom defleo* 
tlon of 5 % 1 0 ^  cm. Oelng the leede and Korthrup #22S4-a galvmcmmter, 
(Ç = 61, Rg =  21) we obtain the sarlee resistance néoeeeary for eeven- 

tenths crltlo&l damping (%(  ̂ )  )

&■*<■>) - - ,zi = ^ ~ 1 ' - 6 6

Blnce the equivalent series reeieteaee (2 = R) 1# 1000 ohmo *e w e t  use 
a ehuatlag resistance (r^) aa Wiow in Figure 12. From the formula for 

this reelet&aoe given on page 23 we have

A  f %. f c s  (.'> ') _ f o & o  y  é C __ y  j  _/L
JZ. — fZs£r'7') focc — 6 C

T h m  the current flowing in the galvanmeter coll is given by

J .e  =  - £■----- ° — ~ ' ---  _ 3 * 3%/» W  _ /  -9
1 f A z 'O O o O o O e  + ' L l ' ) O f i - - l ) )  "



ïhe emaltlvity of the Leeda aad Morthmp #22#4^e g^lvzmowter 1$ 
give» eg m e  %m. (#t m e  meter) for & eurreat of 8 * 10^9 emperee. there* 
fore the galvmometer defleotioR obtetaed Mil be 6,8 jg 10"*/& % 1<T^ * 
0.08$ e*&, for e aolemometer defleotim of 0*000$ cm., or a magRlfloetlom 
of 1Ÿ0 *

the Strala-Mre Traaedocer

the total reeletemee (&) of m e  el% centimeter Imgtb of ome mil 

diameter oometemtw %ire e#e ealcaleted to be 60 obme and the reeleteace 

obmge ( A  R) for e boom defleotloa of 5 % 1 0 ^  m .  m e  fomd to be 
0&0010Ÿ ohms (page Z%).

The galvmometer emetent (0 ) for the Wede m d  Wert&rap 
golvemometer is 6 1 obme and the eerlee reeietmoe meoeeeary for aevm* 
ten the orltlo&l dm#lag {Rg^jyy) M i l  egeio be 6 6  obme. Since the reeiet* 
aaco of (me era of the bridge network le 6 0  ohms M r w  ere meed),
me need only to add 6  obme la merle# with the galvanometer to prodoc* 
*eveo*tmth# crltloml damping. Ihe corremt (I) M U  be given by

1 = ^ 6 %  *  « ( u l V ?  '  • ‘ " , ' ‘ ‘ " ‘ t -

Thi* M i l  prodoce a galvanometer deflection of 7*6 cm* for & boom da* 
flection of $ %  ICT^ cm., or a m#lfle&tloa of 15,309,

^cing the &eed# and Northrop gclvcRometer #%2&6*e (0 » 1500) we 
find #0 ( 7̂ ) to be 100/6,7 » 300 * 1 8 #  dbme, m W  thle ceriee reeietmce 
may be obtained by adding 1780 ohm* (18#-60) in eerie* M #  the galea** 

oaeter. The oarrwt (1) M i l  be



Snob * mmneat M U  prodgce & gelvmowter deflection of 0*5 m *  for a 

boom deflection of 5 % m *  (the eeneitlvity of 0 3 2 & W  le 0,<X^ 
mlerompe per mm, et m e  meter), or & mgnlfimtlon of 10W*

Similar m l m l A t i m e  for the Sellmd Reeearab Type A gelvmometer 
arrive at a oalmlated mgnlfieetlm of 27 then the galvanometer la 0*6$ 
critically damped O W  ,&$) = 275-c) m d  215 ohma are added 1m eerie# 
#lth the galvmometer, Thl# magalfloatlm le Wee d  m  e 30 cm. dletmoe 

from the gelvmometer mirror end roold he approximately three time# tbi# 
ammmt at m e  meter, or epproMa&tely 8$,

It 1# obvions that the BeHaad Beeeareh Type 1 galvanometer M i l  
mot he applicable to onr oaee aad the leede and Morthrop #28!*e doe# 
met provide a magnifleatlm of more than 1000* ft 1$ therefor# recom- 

mmded that the Wed# and Nor#rmp 08&&4~& galvemometer be used. By 1m* 

elmdimg t#o variable realetor# 1& the bridge elrmit, (1) 1% aerie# M t b  
the galvanometer aad (2) ehmted aeroaa the galvanometer, the aagalfie#'» 
t l m  may be varied from 15,000 to 1000, The larger valme 1# obtaimed 

# e n  the aerie# reelatamce (1, above) la 6 ohms and the ahnat (2, above) 
1# aero* The 1000 magnification value la obtained v h m  the aerie# re* 

alatmae la approximately 8$ ohm# and the shunt reelataaoe 1# 187 ohm#* 

Therefore the magalfleation la adjmatable to am aemrmcy d e p m d m t  am 
the chàraeterlatlea of the variable reslator# used.

Mote* The above caleuletlcns hold for both Weigh A and 
Weigh B within a very oloae approximation elnoe 
the Mree are of the same dlmeaaloa and are mowt- 
ed 1m am idemtlcal memaer* The atraim ( ) (see
page 22) will be all^ttly lee# la Weigh A doe to 
the Imoreàaed effective length of the boom 
(& =  24.8 @m. Imatead of 1$ am. &# 1m Deelga B) 
and he&ce the meghlfieetloh from Dealga A for m y  
galvanometer M U  be ollgbtly less them that f W m  

» Weigh B.



Since the four aete of 8trai&*#ire8 ere connected la a bridge d r *  

cult, #tmgee In temperature M i l  effect #1% the arme In a eimllar aaa* 

mer and #111 mot cauee deflectlona of the galvmometer* # m  the Mree 

are momted on their fused quarte poete, the odgiaal teneloae applied 
by the amufaetorer Mil, In ell probability, mot be the earn#. Boeever, 
é h m  the boom is centered* the galvanometer may be adjusted to *eero^ 
m d  enbeequmt defleotlone of the boom ehoüW be faithfully reproduced 
by the galvanometer, Another method of correcting for these variations 
In tension mould be to include mail variable "trimmer* reelatance# In 
each arm of the bridge in eerie# with the @traln*elr#8. These could 
then be adjusted to obtain & balanced bridge.

The apri&g tension of Bealgn 2 bill not be affected by normal tern* 
peratarc change#. Elinvar hne a temporatare coefficient of expansion of 

4 % 10"^ cm/d eg. 0, and a ten dog. 0» decrease In temperetnre tonld cause 

the apringe (vhoae appr^lmate etralght^Mre length# are 30 % Tf %  D #ere 

D 1# the coll diameter, 0.4 cm#.) to ehorten an ammmt 

4 % 1(T^ x 10 x 30 x 0*6 -  0*001$ cm#* # 1 #  change in spring length 
(f, page 16) mould produce an increase in the period of Benign B of 

proMmately 0,02 second#* Temperature can easily be controlled in a 
vault vltbia ̂  10 deg. 0*



M o #  aelamogmpb stations employ film or paper whlob
la earrled on a drum mdwae apaed la governed very aoour&tely. à light 

beam la cameeé to fall on the galvmometer mirror and reflected throu# 
a borlaoatal plmo^^llndrloal lena rhlch foouaea the beam on the re* 
cording film or paper on the drum. For long period aelemometer record* 
lag a speed of 38 mm, per minute has been found eatlefaetory 

(Robertson, 1948, p. 31). The drum/ very carefully balaaoed oh Its 
axis, la usually mounted on a abaft with helical thread and movee in 
translation at a rate depending mi the pitch of the seram-ah&ft. Moat 

of then# drume are electrically driven and governed and provision m a t  

be made for a coaata&t 60 cycle, 110 volt poeer supply.

Since aelmogrema are In reality graphs of earthquake motion ver* 

sue time, aecurate timing devices m a t  he provided for. In most photo* 

gracie recording methods* a prism 1# actuated by a relay connected to 

the timing clock end tbl# movement deflects the light bee# by a small 

amount, thus making time marks on the record, #*en drums rotate with 
a Speed of 30 mm* per minute the marks are placed at Intervals of ap* 

proxlmately m e  minute.

The timing clock is of great importance m d  must have a rather 
small but constant rate. This clock is checked in most seismograph in* 
stallatlons by the 0. 8. Naval Observatory time broadcasts. Various 
arrangements are used to transmit these broadcasts directly to the record.



S M  type of earthquake pheaomeaon that te to be etWted bee ae 

mueh to do * 1 #  the preolelm) &od ohereoterlstlce of the reoordlBg de#* 
vice# a# It doe# elth the eelemometer deelg#* It 1# cot elthla th# 
ccope of thl# work to dlecee# all the## vArlow phem<me#a, m o b  ##, 

mlcrceelmlc recording# local chock## and the like. The ge#ter#li#a~ 
tlon# glvm abov# apply to a long period horlsoat&l aeimometer m o h  ## 
ha# b e m  deglg&ed and to the type# of earth tremor# It vlll register 
beet# oamely, horizontal motion canaed by earthquake# #lch originate 
at a dletanc# of more than 7SO aile#.

A Beiamogr&pb atatlon #111 gmaerally contain at le&et three eel## 

mometeret tec long period horlaoat&l for #  and SB motlm and one abort 

period vertical. (Period# of lea# than ten aeecod# are clacsod a# 
abort period#). A Cingle drwa recorder «hieh #111 record the motion of 
all three #lwltac#oc#ly ha# recently been developed (BprmgBetber, 

1946» p, ^5).



Sue to the geologic characteristic# of the are* 1& the Immediate 

v l c W l ^  of the Colorado School of Miaee, a celmmofr^ih etctlon would 
have to be placed meat of the school on the Igieeue formations above 

the crystalline contact, perbap# 3/4 mile from the Geophyaice Lahore*, 
tories. For # 1 #  reason It Is desirable to Investigate methods of re* 

mote recording so that the seismometer or seismometers could he placed 

in a proper vault <m piers m m k  Into the Igaeous formation and the ae* 
tw&l recording could he done in the labors tories or office on the 
campus. Pea sad Ink recorders would also he eoavealeat so # a t  the 
records could he observed as they were made* Biotegrapbie recorders 
of greater magnification could also be installed in the seismic vault 
and started whenever more accurate recording was desired. If two such 
recording channels were used on these designs it would necessitate car* 
tain changes In the atraln-eire arrangements which could be worked out 

at that time. For the present we are interested merely in outlining 
some general descriptions of circuits that would facilitate remote re* 

cording from the resistance changes of our unbalanced bridge circuit.

If a carrier wave were Introduced by a standard oscillator across 

the bridge that contains the strain*sensltlve wires, and the galvan

ometer were replaced by a suitable amplifier, the carrier would be 

modulated by the imbalanced bridge (when ground motion occurs} and the 
amplifier would impress the signal over & set of wires to any desired 

remote recorder. & schematic diagram of this circuit is show in 
Figure 13.
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Figure 1^

At the recording end of the dreult # demodulator circuit 1# in

troduced t&iloh operetee on the elgW. eo the t the original modulating 

wave ie reproduoed* îhie part of the circuit ehould alee o^mtalu a 
pheae dleorlmtaator network which would aeslst in faithfully reproduo* 
lug the modulating ware cet up at the eelemometer by aeeuring the re
cording of the negative deflectioua ae mob. ïble elgnal la then fed 
to a recording oaolllograph of perhaps the magnetic direct writing 

type.

rider-positioning

//
Servo -motor

AMP.

S e r v o - m o t o r

J p a p e r

Figure 14
(Mechaaical coupling la shorn in heavy lines)



Figure 14 Illustrates another method of remote recording. All the 

strata wire# oa each side of the boom are connected la eerlea end placed 
la the circuit at A aad D, ro#eotlvely* The remainder of the bridge cir

cuit conalete of a fine elide wire resiator, An oeclllator lé conaectod 
acroea oae comer of the bridge and the other bridge connection le made 

to an amplifier through the variable resistor. The amplifier Is connect
ed to a servo-motor and any unbalance in the bridge will canee amplified 

carrent to flow in the servo-motor. The rotor of # 1 $  motor Is connect
ed meehmlCGlly to a screw or a gear train #lcb moves the adjustable 

contact on the slide wire until the bridge is balanced. If a slave servo
motor at the remote recording location is connected to the first (thus 
producing a so-called Selsyn system) its rotor will follow the action of 

the first* A system of levers can be applied so that this motion moves 
a pen on a moving sheet of paper* One disadvantage of this method i# the 
fact that the stators of the two servo-motors are composed of three- 

phase windings and three additional leads m a t  be carried along with the 

current leads, making a five element cable necessary from vault to re
corder,

Tb# Brush Development Company of Cleveland, Ohio, recently advw* 
bleed m *8trala Analyser* (Instrumente, Feb. 1949) which consist# of a 

strain amplifier and a direst inking oscillograph. It has external con- 

meotlone for two strain gages, one active and one *dnmmy.* The *dnmy* 
gage Is used la strain recording to compensate for temperature and does 
not undergo strain. However, it is believed (since detailed specifica

tions were not available) that n t h  some adjustment the two etr&in-elre 

arms employed in the Selsyn circuit could be used, a# most strain ampll-



fiers work on the piiaoiple of an uabalaaeed bridge. The gages that are 
reemmmded for use with this aaalyaer ere of the Baldwin Southwark 

SË-4 type* Them each hove a total reeleteaoe of 1 #  <dme* The com- 
stantan elrea of our design, If all four on each eide of the boom #ere 
eozmeeted In aerlee, #111 also have a total reeiataaee of apprcodm&tely 

120 ohma* The eenaltlvlty la given as 10""̂  w/taa, strain per chart di

vision pea defleotiea. Due to the fact that the dlomaioma of the oh&rt 
divieloaa are not known, and that the feasibility of using the direct 
inking oscillograph at distance from the strain amplifier is also in 

doubt, vs may only postulate the possible use of this instrummt for re* 
mote recording. It Is Interesting to note, however, that the strain ex
perienced by four, three-cm. lengths of coaet&ntea vire (am mounted la 

Design B) will be 0,9 x 10""* cm/cm. for a boom deflection of $ microns. 
If the chart divisions mentioned above were 1 mm. each, %e should ob
tain a magnification of 200; $ mm. chart divisions would give 1000 
magnification.



M  1# evident from the aag&ifleatioa calm&atloee eoatelned In the 
previous aectlon, bonded etreln gages attached to the hinges #111 give 

e ma#lfleatlon of only 170 time. Tbie #111 not he eufflelent to ad* 
^uetely record mail earth tremors (170 % $ x 1 0 ~& om. —  0 .6 $ am.) 

for visuel study. Therefore the etrala-wire trensduoer principle 1# 

reoommmded. With this type treneduemr, a five micron dlepleoement of 
the support due to earth motion earn he magnified up to times if

desired. (This magnification Is possible using the heeds and Bortbrup 
galvanometer # 2#4-a s&on it is seven-tenths critically damped).

Design B has advmtagea over Design A. The w a s  of the boom In 
Design B 1# only about one-twentieth of the mass of the boom required in 
Design A. The period and the damping of Design B may be controlled with 
greater finesse. Boom displacement for calibration purposes may be pro

vided with greater ease in Design B. BUrtber, the shorter boom length 
of Desi^i B produces more strain in the transducer maid hmee more mati

fication, although this is of minor importanee.

However, Design B requires two springs whose coustmte must be as 
close to equal as possible and also requires a coll mmmting which will 
facilitate the proper placement of the coil relative to the magnetic 
field which contains the coil. The clearance between coll and magnet In 

a standard tbree-cm. annular magnet is fairly small.



It Is therefore concluded that while Design A 1$ relatively sim
ple to build as compared with Design B, Design @ 1# euggeeted as the 

more precise m d  e<mveaimt to operate* The factors of precision and 

eenvenimee of operation should make it worth while to umdertake the 
precision of manufacture demanded hy Design B.

Bote* GoBStructlaa suggestions and emplmetlons of 
minor detellm regarding both as shomt
on Plates 1 end 2 ere iaolude^ as pages 2 to 4 
in the Appendix.
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M m m

The elastic curve egg&t&ea ia ye@%8ag*l@r #oordta#te# le 
# :r is I t&er* % is the beB&t&g »o«mt of $h* seatlo# Wiew
dlstaace from the ooordlm&te# la* %, » Is the defleettoa of the e&&eti@ 

aurv* (the biage) at the seme seetioa, I 1* the eecomd sw&awaat of the 
oroes aeetlea of the binge perpmdlmiler to # aeeteal a#l#, axwi IB il# 

zWala# ( Jf 1# the length of the hinge and IP Is the mpplled 

farce), M is else equal to P( j( * *) and therefore*

E r  d x z  M x ^  = p  (74 -Dc)

E T  d z . / d x  ?  F J L x  —  P x V ^  +  C,

T X  Z  =  PJ? x V z  —  P x 3/ 6  +• C.Z.

\ l l \ l  ' * *  c ^ = o

"TZ= Zjî II : ' E * - Z * - P J Ï / 3  J P  = 3 B ^ Z j t  / X 3

* Lse>: £ j r  = = P J l V z e x  *r x z J j  z- = z u

The fla&l v&lne of 1# gqbstltated on page ? fa# d a / #  be*
aaaee the atra&n is being e&lcwl&ted



The upright support shorn at the left may have to be enlarged to 

effectively support a boom of the else and weight auggeeted la thi@ da* 
stga. The dimeaeioae of this member &e shown, on Plate 1 were arrived 

at mainly from the limiting factor of the apace available on the original 
drafting plate.

The receeaed area of both boom and support in the vicinity of the 

atr&la-wlree Should be milled to one om. in thickne&a at the most. Both 

the boom and support are 2 cm. thick near the hinge line but the total 

diatsaoe from the bo@m*eenter to the ett&cbed wiree Should be 0.8 cm, $ 

therefore the smaller dlmenaione for the tbickaeen of these eeetlon#*

The magnet* which aurround the damping vane ere welded to their mov
able end their stationary eupports, respectively. The supporting frame 
might also be grooved to accommodate more movement of the damping vane to 

the right (see end view, Plate 1). Dlepl&cemeatB of the magnitude al
lowed for in the present drawing will seldom ooeur from ground motion but 
the limit stops are designed $e restrict the desired maximum motion and 
the damping vane should not be used for thi# purpose; therefore the sug
gested slot in the magnet-supporting frame.

The leveling sere# tap* in the base plate should be fitted with la* 
tern&l collars Which contain the threads and these, in turn, might b# 

slotted and set screw* provided for, properly clamping the leveling screw 

adjustment# at any desired position.

The boom eeu be centered in the %,# plane by the use of an anti

parallax optical system placed on «the centerline of the boom (not shorn ).



Besiga A wold best be calibrated by drllliag the limit etepe f*r eat 

&lr jet aa# producing the dle^laqemmKt deelred for eellb%%tl(m by meaaa 

of a email, eomtrolled blast of air.

The boom la mdjmetea to the proper period by means of th* babble 

level a@d shbaegweat eallbratloa. The damping le eontrolled by mveme&t 
of the damping magnet.

The boom support show on Plate 2 need not be solid as ehoan. The 

only regalpemeat# are that the mpring adji&etmeats be eq*ldl&t&&t from 
the hinge line and that a paeeage for the lower spring le provided throegh 
the boom awpporta, The main boom support can be flanged end bolted to the 
upper b&ee plate for ease in construction (in the same manner a# the email 

support eeetloB which holds the lower hinge).

Additional holes are provided la the main boom support for moving 
the apriag adjuetmcnt meabanlame oloser to the hinge line* ?bl# might be 

neee&eary if aprlage cannot be obtained which have the comparatively low 

spring constant recommended on page 16* The anpport attachment of each 
spring conelata of a poet and block which alldea on a track and le ad* 

justed by a micrometer threaded abaft,

Due to the dlffereac# in tbldkneeA between the nupport end the boom, 
the clamping bar (euggeeted to facilitate the moving of the entire sele* 

mometer) la shown twice a* thick Where It cornea In contact with the boom*

The atatio&ary damping coll should be wound on either a thin qylin* 

der of bakélite or on an anodised cylinder of aluminum and thin held to &



eW&oBayy support with & a&amp&ag acre* which le free to move im am 

oversleed hole When looeened. FOur eet eerewe ere provided for lateral 

end rotational adjustment of the damping coil. BladlBg poet# for the 
ceil lead* are ahoOB end oallbr&tloB c m  be aeeompliabed by giving the 
boom a dieplacomeat by the aimple procedure of discharging & eoadeneer 

of appropriate al&e through the coil «ladings.

The area of the boom and main support in the neighborhood of the 
etralR-mlrea ia again reoeeeed to a tbickneee of one am. The same m g *  
gestione ae given under Beelgn A again apply to the leveling serea#
(with eollara) and the leveling and centering arrangement#* The damping 
magnet ia welded to the connecting block which ie screwed to the rest of 

the boom*

The boom ia adjusted to the proper period by first leveling the 
base plate and then adjusting the tension of the spring#. The damping 
1# controlled by & eerie# variable realator (not ahovn) and both period 

and damping are checked by eubeeguent calibration.
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PLATE I

Design A
HORIZONTAL SEISMOMETER

Long Period
S t r o i n - w i r e  t ransducer  S p r in g  s t e e l  hinges

V a n e  -  t y p e  d a m p i n g  

0 2 4 6 8 10
S c a l e :  cm.

M a r c h  1949 H. N. O p land

H i n g e s  h e l d  by  f i l l e t s  a n d  s c r e w s

H inge

C l a m p i n g  b a r ,  l i m i t  s t o p s ,  a n d  

w i r e  t e r m i n a l s  a r e  n o t  s h o w n .
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