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SELECTION, INSTALLATION, AND OPERATION OF 
SEISMOGRAPHS 

PURPOSE OF THE STATION 

1. I n  establishing a seismograph station and in selecting tlie in- 
struments with which the station is to be equipped, consideration 
should be given to the purpose for which resulting records are to be 
used, the possibility of continuous operation over a long period of 
time, and the extent to  which cooperation with other institutions or 
or diiizations is contemplated. 

!$eismograph stations ma be divided into t,hree gencral classes. 
(a) those. which are inten dy ed only for the registration of distant 
earthquakes, ( 6 )  those which are established in seismic regions for 
the study of feeble shocks which may occur very frequently in the 
region, and ( e )  those which are distributed over arras in which 
destructive earthquakes are most likely to occur. (Instruments usccl 
in seismic prospecting will not be described in this paper.) 

The iiistruinerits in common use a t  stations of the first two classes 
require daily supervision as they are usually in operation con- 
tinuously, but those in the third class, which are intended for registre- 
tioii of strong seismic motion, usually operate automatically a t  tlie 
time of tt severe or destructive earthqimlte in the immediate vicinity 
of the instrument. 

THE REGISTRATION OF SElSMIC WAVES 

2. It is generally believed that earthquakes are caused by the 
Fudden relief of accuniulatcd stresses in the earth’s crust. Whether 
thc resulting movements of the ground arc assocbiated with volcanic 
disturbances or are the result of readjustments along new or old 
fault planes, inuch of the energy which is released, appears in the 
form of seisniic waves which are propagated in all directions 
through the earth and along i ts  surface. The seismograph is tin in- 
strument which is designed for tho detection and rty$striition of 
these seismic waves aiicl when properly constructed arid o Ieratecl it 

as seismograms, may be of general scientific iliteiwt i n  connection 
with studies relatiitg to the interior of the earth or to c-rnstal stiwc- 
ture ant1 also may be of great economic value in the evaluation of  
ground movtwwnts associated with destructive earthqnakes. 

A few seisinogranis, as ivcorded by different instrunients a t  differ- 
ent st:itions arc shown in tho accompanying illiistrations. Soina of 
the iriore ~~roniinent wavrs or “pliases”, as they arc, generally called, 
have been niarked on the grams. Seismologists rc1cogniza tlifferent 
types of waves, mnity of which have b e l l  I*cIflwtcd or rrfracted a t  

furnishes a permanent, rocord of such waves. The recor d s, known 

1 
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FIGURE 1 .-Seismograph stations of the United States. 



SELECTION OF SEISMOGRAPHS 3 
surfaces of discontinuity within the earth. Seismic waves are prop- 
agated with different velocities depending upon their mode of vibra- 

cn- 

a- 

tion and the character of the medium tllrough which they travel. 
I n  the first preliminary group (P waves), the vibration of the earth 

1~'roune 4.--Section of seismogram recorded by a MilneShaw seismograph near IIonolt~lu, 
Mawh 22, 1'325. Eplcenter In the New Nebrldes. Distanqc about 5,500 kilometers. 

particle is longitudinal that is, in the direction of propagation. I n  
the secondary (S wave), the plane of vibration is at right angles to 
the line of progress. The P and S waves traverse the same path but 



kkcRE-$.-Section of a seismogram recorded by a McCombRomberg seismograph, small model, on.August 16, 1931, at Washington, D. C. Component, N. I J  E. Time mark as indicated by arrow point was a t  11" .i5.0m Greenwich civil time. Epicenter 30.0" N. ; 104.5" W. ; southwestern Texas. 
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Santa Barbara .... .. . 
Santa Clara _____.. ~ ~ . 

San Francisco .... ~. 

as their velocities differ they ariive at  any statio11 in succession. 
Traveling a t  a still slower speed and over a longer path, surface 
waves, usually called long waves or L waves, arrive later and in 
general are the most prominent portion of a seismogram. The dif- 
ference in times of arrival of the different waves is a measure of the 
distance of the epicenter from the station and for this reason it is 
important that time marks be laced on the grams a t  sufficiently 

of beginnings of the different phases: It is customary in teleseismic 
work to rovide for time marks on the rams at  intervals of 1 
minute. t a r ious  methods are employed for production of these 
time marks but usually the mechanisms are operated electrically 
f roin accurate pendulum clocks keeping standard time. 

As a result of individual and cooperative efforts, seismograph sta- 
tions are now operated in all parts of the world. The teleseismic 
stations of the continental United States are shown in figure 1, and a 
full list, including those in outlying possessions, is given in table 1.2 
A list of Coast and Geodetic Survey stations devoted to the registra- 
tion of strong seismic motion is given in table 2. 

TABLE 1.-Seismograph stations of the United States and outlying possessions 

short intervals to insure reasona bp ly accurate estmation of the times 

EXPLANATION OF ABBREVI.4TIONS 

C. I. W. and Ca1.-Tech. 
Santa Clara University 

(Jesuit). 
University of San Fran- 

cisco and University of 
California. 

* =Stat ion coopernting with United States  Coast a n d  Geodetic Survey. 
C .  & G. S. =United States  Coast and Qeodetic Survey. 
CaL-Tech. =California Institute of Technology. 
C. I. W. =Carnegie Institution of Washington. Seihniological Laboratory at 
J. S. A. 
U. S. N. P. 5. =lInited States  National I'ark Service. 
U. S. W. B. =United Stntes Weather Murenu. 

Pnsadena. 
=Jesuit Seismological Association. 

CANAL ZONE 

Balboa Heights. _ _  _ _ _  
COLOKADO 

Denver _________._. . 

CONNECTICrT 

New Haven. -. . ._.___ 

DISTBICT OF COLUMRIA 

'Georgetown ... ... 

Location I By whom operated I/ Location 1 By whom operated 

Panama Canal. 

Regis College and J .  S. A. 
(Jesuit). 

Yale University (inactive). 

Georgetown U n i v e r s i t y  
(Jesuit). 

ALADAMA 

Silver Hill -.---... .-.. 

ALASKA 

College. - _ _ _  .-. -. . -. _ _  
Sitka __.._______._.. ~. 

ARIZONA 

Tucson _ _  - - - - - -. - - - ~ - 
ARKANSAS 

Llttle Rock--.-. - _ _ _ _ _  
CALIFORNIA 

'Berkeley _ _ _ _ _ _ _  ~ _ _ _ _ _  
Ferndale ___.__ - _ _  _.__ 

'LaJolla. _ _ _ _ _  _ _  - _ _  -. 
Mineral-.- ~ _______.__ 
Mt. Hamilton _____._ ~ 

*Mt. Wilson _ _ _ _ _ _ _ _ _ _  
Palo Alto _ _ _ _ _ _  ~ _ _ _  _ _ _  

Silver Hill College, near 
Mobile (Jesuit). 

University of Alaska and 

Sitka Magnetic Observa- 
c. & Q. s. 
tory, C. & 0. S. 

Tucson Magnetic Observa- 
tory, C. & 0. S. 

Little R o c k  C o l l e g e  
(Jesuit). 

University of California. 
J .  Bonnudaand Universitv 

of California. 
C. I. W. and Gal.-Tech. 
U. 8. N. P. 8. 
LIck Observatory-Seismo- 

maDh Station. Univer- 

CALIFORNIA-COntd. I 
*Pasadena .___. . .. .. .. 1 C. I. W. and Ca1.-Tech. 
Point Loma- -. . . . . . . . Theoso hical University. 
*Riverside --.. . . .. ~. .. I C. I. 9 and Ca1.-Tech. 

'Ukiah.. . .. .. . . _ _  __ ._ I  0. & 0. 9. 
*Tinemaha. -. . ~ .  . _ _  _ _  C. I. W. and Cai.-Tech. 
'Haiwee _________.__._ C. I. W. and Gal.-Tech. 

F rank  Neumann ; Principles Underlying t h e  Interpretat ion of Seismograms. Coast 

'See also: List of Selsrnogrn h Stat ions of t he  World, by H. E. McComb and  Clarence 
a n d  Qeodetic Survey. 

J. West. ; Bul. Nat. R ~ R .  Counci l  no. H2. 1921. 
78971-30-2 
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TABTX 1 .-Seismograph stations of the United States and outlying possessions- 
Continued 

-_ 
Location 

G U A M  
Guam. ............... 

HAWAll 
Hilo.. ............... 
Honolulu.-. ......... 

Kona.. .............. 
Volcano House.. - ~ ~. ~ 

ILLINOIS 

Chicago.. ........... 
'Chicago ............. 

IOWA 

'Des Moines .... 

LOUISIANA 

New Orleans.. . 

MAINE 

*Technology ( n e  a r 
East Machias). 

MARYLAND 

Woodstock.. ........ 

MARSACHCSETTS 

' H a r v a r d  ( O a k  

Weston ............... 
Worcester. ........... 

Williamstown ....... 

Ridge). 

MICEIGAN 

'Ann Arbor.. 

MISSOURI 

Florissant.. ......... 

'St. Louis.. ........ 

MONTANA 

'Bozeman~ ....... 

Butte ................ 

NEVADA 

Reno.. ............ 

By whom operated 

Manila Ohservators 

u. s. N .  P. s. 
University of Hawaii and c. & G .  9. 
I T .  S. N. P. R. 
U. 8. N. P. S. 

Loyola University (Jesuit:. 
C . & G . S . , U . S . W . B . ,  

and University of Chi- 
cago. 

Mrs. M. M. Seeburger 
(private station). 

Loyola ITniversity (Jesuit). 

Massachusetts Institute of 
Technology. 

W o o d s t o c k  C o l l e g e  
(Jesuit). 

Harvard I-niversity. 

Weston College (Jesuit). 
Holy C r o s s  C o l l e g e  

Williams College. 
(Jesuit). 

University of Michigan. 

St. Loiiis University (Jes- 
St. Louis University (Jes- 

uit). 

uit). 

University of Nevada. 

1.ocation 

NEW YORK 

Albany. .............. 

'Buffalo. ............. 
'Ithaca. .............. 
'New York .......... 

New York ............ 

OHIO 

'Cincinnati.. ......... 
Cleveland.. .......... 

PENNSYLVANIA 

'Pittsburgh... ........ 
'Philadelphia. ........ 
'State College ....... 

Swarthmore.. ........ 

PUERTO RICO 

San Juan ............ 

SOUTH CAROLINA 

Columhia __.___ .. ___. 

TEXAS 

Denton .............. 

UTAH 

Salt Lake City ....... 

VERMONT 

'Burlington.. ........ 

VIRGINIA 

*Charlottesville ..... 

WASHINGTON 

Seattle ............... 
Spokane.-. .......... 

WISCONSIN 

Milwaukee.. ........ 

'Madison... ......... 

NERHAYKA 

Lincoln. ........ 

- 
By whom operated 

[Jniversits of State of New 

nit). 

Natural History. 
American M u s e u m  of 

St. Xavier College (Jesuit). 
rohn Carroll University 

(Jesuit). 

University of Pittsburgh. 
The Franklin Institute. 
Pennsslvania State Col- 

lege.. 

active). 
Swarthmore College (in- 

San Juan Magnetic Ob- 
servatory, C. & ( 3 .  S. 

University of South Caro- 
lina, C. & 0. 9. 

John W. Crain (private 
station). 

University of Utah. 

University of Vermont. 

University of Virginia. 

1:niversity of Washington. 
(jlonzoga I'niversity (Jes- 
uit). 

Marquette U n i v e r s i t y  

University of Wisconsin. 
(Jesuit). 

The Nebrmka Wesleyan 
University (proposed). 

_ _ _ - - ~  

In addition to the stations which are marked with an asterisk, the 
following stations have cooperated recently with the Coast and Oeo- 
detic Survey in furnishing immediate inform&m for the prelim- 
inwry deterrnination of epicenters : 

r '  1 he Observatory _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  Apia, Samoa. 
Royal Observatory _ _ _ _ _ _ _ _ _ _ _ _ _  IIong Korig, China (via Manila). 
Carnegie Institution of Wash- 

ington, Huanmgo Magnetic 
Observritory _ _ _ _ _ _ _  _ _ _ _  Iluuncayo, Peru. 

Manila Observatory _ _ _ _ _ _ _ _ _ _ _ _  Manila, P. 1. 
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......... 

7 

.................. 

.................. 
1) 

................ 

............... 

The Doininion Observatory-_-_-. Ottawa, Canada. 
Observtitory del Ebro (Through 

St. Louis University, St. 
Louis, Mo.) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Tortosa, Spain. 

D o m i i i i o n  Meteorological Ob- 
xwvatorv _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  Victoria, British Columbia. 

rurnuaiu, \,ILIL ............................. 
Oakland Calif. City Hall. hasement.-.-~ . . . . . . . .  
Oakland: ('alif,: City fIall, sixteenth floor 
Deklsnd, Calif., Cllahot Ohservwtory.. . . . . . . . .  
Sarramento, Calif., Federal Bnilding.. .............. 
Salinns, Calif., Cnunty Courthoiise ..................... 
Ban Francisco, Calif.. Alexander Building. haserrlent .. ' . . ~ 

San Francisco, Ciilif,, Alexander Building, eleventh I 

Ao 

Ao 
Aa 

~. . 

Royal Observatory (1 I * (  ) I )  W I  v- 
titoire de Zi-K:l- \~c' i -_--_-----  Zi-Ka-Wei, China (via Manilrt) 

~ .~ 
. . ~ ~  ~ ~ 

....... 
................ 

...... 
........ 

Ai? , 

TA~LF, z.-Strong-motion seismograph stations of the U. S. Coast and Geodetic 

San Franrisro, (Mif., Alexinder Building. sixteenth 
floor ....................................................... 

San Francisco, Calif., 450 Sutter. hs.sement ...................... 
San Frirncixco, ('al!f,, 460 Sntber. twenty-eiphth floor ...I 
San Francisco, Cahf.. Shell Building, sub-hasement ............. 
San Francisco, Calif., Rhell Hiiililin& twenty-third f low . . . . . .  

. .  

Snn Francisco, Calif., Shell Building, twenty-elghth 

Ban Francisco, Calif.. Southern PaciRr 13uilding. base- 
floor. ....................................................... 

nient ...................................................... 

- 

No. 

- 
1 
2 
3 
4 
5 
R 
7 
8 
9 

10 
11 

12 

13 
14 
1.5 
16 
17 

18 

10 

20 

21 
22 
23 

24 
26 

26 
27 

20 

31 

32 
33 
34 

35 
36 
37 
38 

30 
40 
41 
42 
43 
44 

45 
46 
47 
48 

m 
30 

_- 

Snn Francisco, Calif,. Southern Paciflc Building, four- 
San Francisco, Cdif., State Huilding, I;asement, room 

1 Calif., Golden (fate Park 

teenth flonr ................................................. 

........................................... 

4.. can! of.America Eii!$jFy, \usemep",t. 

I ---7-- 

.......... A i l  

Aa - . ~ . ~ l ~ . ~ ~ I . I ~ l  1) 
.......................... I T  

A @  ... ....... / :.:::::::: 

~ 0-p; 
12-inch 

tape 
device device 

floor.. ................................................ 
Suisun Bay Bridge, California ........................... 
Chicago, Ill., Museum of Science and Industry. (For 

emergency fleld me). ................................ 
Bishop, Calif.- ........................................ 
Colton, CalifL ....................................... 
E1 Centro, Calif. ...................................... 
IIollywood. Oalif., Hollywood Storage c'o., haserrlent 
Hollywood, Calif., Hollywood Storage Co., penthouse. ~ 

Hollywood, Calif., IIollywood Storage Co., adjoining 
Paciflc Gas & Electric Co. lot ........................... 

Balboa. Canal Zone ................................ 1 As 1 ...... 
Ihrkeley, lJniversity of Californi;r. ............... A s  1 ...... 

.... 
. 

Eureka.Calif ...................................... ~1 An ' 
" . - . , . I .  ,,.*:, A "  

I - - - - -  

.......... 
.......... 
............. 

A I Z  
A12 

AIZ 
. . . . . . . . . .  
............ 

.............................. 

............................ 

........................ .-..;;;q- .~.... 

.I ......... 
... I 
.~ ~ ~ ~ 1 . ~ ~ ~ ~ ~ ~ ~ ~ ~  

. . . .  - 1  .......... _ I  .......... 
~ - 1  ~ - -  - - - -  

floor- ................................................. 
Los Angeles Calif., Edison Building, basement ......... 
Lo3 Angeles, Calif., Sohway Tern~inaI, thirteenth floor.. 
Los Angeles, Calif.. Vernon Central Mannfacturing 1 h R -  

Lou Angeles: Calif., Subway Terminal. suh-basement ...... 
.. 

- 1 .  .... 

trict ........................................... 
Pasadena. Calif., Californi I In.;! itute of Technolow 
Ran Bernardino, Calif . . . . . . . . .  
8an Diego, Calif . . . . . . . . . . . . . . . . . .  
Santa Ana, Calif ............ 
S m t e  Barbtire Calif 
Westwoocl, &if., University of Californi.1 nt Loa 

Missoula, Mont., tiniversity-of Mo_ntaniI.. 

.................... 

....................................... Anpelas 
~ . 

I 

Ao ............... I.... ...... 
As .~ I$' 1) 

i \ n  ........................... 
. . . . . . . . . . . . . . . . . . . . .  \T I...- ...... 

A0 . . . . . . . . . . . . . .  

A n  ~ . . . ~  

. . . . . . . . . . . .  I w 1 .......... 
.......... ......... 

. . . . . .  A l a  .... ...I ......... 

..... ~ ~ . I  ......... 

~~ 

Long I3each, Calif ..................................... 
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PRINCIPLE OF THE SEISMOGRAPH 

3. I n  general a seismograph consists of a so-called steady mass 
which is suspended from a rigid support in such a manner as to 
form a vertical, inverted, or horizontal pendulum and so that, due 

0 5 10 FEET 

SCALE 

Frourcn O.--Plan and sectional elevntion of n weismogrnph building. 

to its inertia, it will tend to  remain a t  rest during a seismic d ~ s -  
turbarice and record, mechanically or photographically, the motion 
of the ground relative to the center of oscillation of the pendulum. 
Since the pendulum must be supported indirectly by the earth it 
will be set into vibration to  a certam extent in its own natural period 
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by the earth vibrations and the resulting record will not be a true 
record of the ground displacement. 
wave is about the same as that of the pendulum the am$::&: 
of the latter may become very large due to resonance. This reso- 
nance effect can be reduced to  a great extent by damping of the 
pendulum by one of tlie methods described later. 

The boom of the horizontal pendulum seismometer is pivoted or 
hinged to a rigid support in such a manner that it is free to oscil- 
late in a horizontal lane about an axis which is approximately 

to the axis of rotation. I f  such a pendulum is set into vibration it 
will oscillate about its axis of rotation and finally come to rest with 
the center of gravity of the moving system in a vertical plane through 
the axis of rotation. The angle between the vertical and the axis 
of rotation is known as the forward tilt  of the axis. As this angle 
of inclination is made smaller the period becomes longer until a 
position of instability is reached. Horizontal pendulum seismo- 
graphs which are designed for registration of distant earthquakes 
are usually adjusted so that the natural periods will have values 
ranging from 6 to 15 seconds or more, depending upon the type of 
instrument and the character of the installation. 

I n  the vertical component seismometer the boom and mass arc 
balanced against a vertical spring so that the center of oscillation 
of the vertical pendulum thus formed is free to  oscillate only in a 
vertical line and is sensitive only to  the vertical component of the 
ground motion. 

I n  order to provide a more complete picture of the ground IIIOVC- 
ments during an earthquake it is good practice to provide three 
separate instruments fo r  recording the ground vibrations in three 
directions at  right angles to each other, that is, two horizontal pen- 
dulums and a vertical. 

4. Magnification.-Ground motions resulting from distant earth- 
quakes are usual1 Therefore, a 
seismograph whicl is to be used for the registration of such quakw 
(teleseismic) should be so designed as to  furnish a record of the 
ground motion, sufficiently magnified as to be useful in the identifi- 
cation of phases or for other studies. Magnification is usually 
secured by means of mechanical or o tical levers, by electrodynamic 
methods (galvanometric registration? or by combinations of these 
methods. 

I n  mechanical seismographs the mechanical lever may be siniplg 
the extension of the boom upon which the steady mass is mounted 
or i t  may be a lieht aluminum arm pivoted near one end in such a 
manner as to be Tree to oscillate in a horizontal plane with a mini- 
mum of friction. I t s  moment of inertia should be very small in coni. 
parison to that of the steady mass of the seismometer. The short arm 
is coupled directly to the steady mass or to an extension of the 
boom, while the longer arm terminates in a stylus which writes the 
record 011 smoked paper attached to a revolving drum. I t  is not 
practicable to use very high magnifications with mechanical re- 
corders unless very heavy pendulum masses are used. 

5. The optical lever as employed in photographic registration is 
used as  follows : Light from a straight filament electric lamp or from 

I f  the period of the 

vertical and so that t P le center of gravity of the system is eccentric 

so small as to  be imperceptible. 



iiii  illuniinated slit, after collimation by a long focus lens is allowed 
to fall upon a mirror mounted on the Loon1 near the axis of rotation 
of the seismometer pendulum or upon :L rnirror attached to a small 
multiplying lever coupled to the penduluiii. After refiection froni 
the mirror i t  is brought to a point focus on a sheet of photographic 
paper attached to a suitable recording drum. For all practical pur- 
poses the optical lever magnification is equal to twice the ratio of 
the  distance from the collimating lens to the drum and the distance 
from the axis of rotation of the seismometer to the center of oscilla 
tion of the system. If, in addition, mechanical levers are used they 
inust be taken into consideration in computing the total lever 
ma nification. 

#he ratio of the amplitude on the seismogram to that of the cor- 
i.t.-pondinp earth wave at  the station is the magnification of the 

,_.__._._..-..-.-... I._..... ....... . ..._., ,,_ 
' .... " .... 

~ ~ ' I G \ J I L E  7. IIur, ~ r t l  University seircrnograpir station, Harvurd, Mars. 

seismograph for simple harmonic motion. This is the product of 
the static and the harmonic mapification. The static magnification 
(for instruments not employing galvanometric registration) is 
simply the lever magnification (optical or mechanical or n combi- 
nation of the two) and is equal to  the limit which the harmonic 
magnification approaches for ground vibrations which are very 
rapid in comparison to the natural period of the endulum. Har- 

period to  the period of the pendulum and of the character and magni- 
tude of the damping. For zero damping this is infinite when the 
ratio of the abovo periods is unity. 

5a. Electrodynamic magnification.n--In the case of galvano- 
metric registration as used by Galitzin the maximum magnification 

monic magnification is a function of the ratio o P the earth wave 

* FUrst B. C.rlitzin. Vorleaungen Uber SeiRmometrie (tranfllation by 0. Hecker, p. 300). 
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developed is equal approximately to the ratio of the electrodynanlic 
constant of the seismometer to that of the aalvanometer. I n  the 
system used by Wenner the above ratio shouqd be multiplied by a 
factor equal to the ratio 8/(S"+R), (fig. 17). The electrodynamic 
constant of a galvanometer or seismometer is the torque produced 
by unit current in the winding. ( In  the C. G. S. electromagnetic 
system the torque is expressed in dyne-centimeters and the unit of 
current is 10 amperes.) 

DAMPING SYSTEMS 

6. Air damping.-This type of damping is usually e ~ ~ p l o y e d  on 
the larger instruments of mechanical registration type. It consists 
essentially of a thin metal plate which is counterbalanced on pivots 
so that it swings freely i n  a metal housing or frame, with very little 
clearance. This mechanism is connected directly to the pendulinn by 
nieans of a light but fairly rigid coupler. 

7. Oil damping.-Just as in the case of air damping, this type of 
damping is employed on the more massive instruments. The dallAp- 
ing vane, or vanes, are connected directly to the boom or steady mass 
2nd are partly or entirely immersed in oil of suitable viscosity. I n  
some systems the vanes move through the oil in a direction at  right 
angles to their broad surfaces, while in other systems the vanes move 
in a direction parallel to their broad surfaces, with or without fixed 
vanes closely adjacent to  the moving vane. Oil dampers, while siniple 
of construction and e?sy of operation are not very satisfactory. 

8. Electromagnetic damping.-When a conductor is moved across 
a magnetic field in such a way as to cut the lines of force of the field. 
an electromotive force is induced in the conductor. I f  the conductor 
forms part of a closed circuit, this electromotive force will cause :I 
current to flow in the circuit, and the direction of the current is 
:ilways such as to set up a magnetic field which opposes the motion 
of the conductor across the lines of force. The retarding force is pro- 
portional to the velocity of the conductor. 

I n  certain types of seismometers employing electrodyiiamic mng- 
nification, the moving systems may be damped to any desired d q p w  
by shunting, with a suitable resistance, the coils of the seismometer 
and galvanometer and the retarding force (electramagnetic damping) 
may be controlled directly by varying the resistance of the shunt, as 
this controls to  a large extent the current which flows in both seis- 
iriometer and galvanometer. 

9. Magnetic damping.-In addition to the damping due to the 
counter electromotive force induced in the coils, there is a certain 
amount of magnetic damping which is due to  Foucault currents 
(eddy currents) induced in the metallic parts (other than the mils) 
of the moving systems when these parts move in the magnetic field. 
The retarding action resulting from these eddy currents is of the same 
nature as that described above and is known as magnetic damping. 

Instruments employing magnetic damping are so constructed that 
all or part of the boom of the seismometer consists of a pure copper 
vane which moves in a permanent magnetic field. The degree of 
damping is controlled in each case by altering the position of the 
magnet relative to  the copper vane. 
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SEISMOGRAPH ROOM OR BUILDING 

10. As teleseismic instrunients are usually operated at  relatively high 
magnifications, it is absolutely necessary that such instruments be 
installed on stable masonry piers, which rest on natural, undisturbed 
clay, gravel, or rock, and in general these piers should be independent 
of the floors and walls of the building in which they are located. 
The seismograph room should be dry, well insulated against tempera- 
ture changes, and should be protected against wind effects if possible. 
A general plan and sectional elevation of a seismograph room and 
instrument piers is shown in figure 6. The seimograph room may be 
located in the basement, of a building, provided the necessary precau- 
tions are taken to guard against artificial disturbances resulting from 
machinery, such as elevators, machine-shop equipment, etc. It is not 
essential that  the recorders be mounted on masonry piers, but the 
supporting tables should be of heavy construction and should be 
attached securely to the floor. I f  the instruments employ direct 
photographic registration, it is necessary that the seismograph room 
be equipped with suitable light traps for entrance and exit while the 
recorders are in actual operation. It is important that ample work- 
ing space on all sides of the instruments be provided. 

I n  more elaborate installations, such as the Oak Ridge Seismo- 
graph Observatory of Havard University, near Harvard, Mass. (fig. 
7) ,  the seismograph vault is entirely underground. A t  this station 
the piers, floor, and walls of the room rest upon solid rock and it was 
found unnecessary to separate the piers from the 

STATION REQUIREMENTS 

11. Teleseismic station.-The general requirements for L tele- 
seismic station may bo summarized as follows : 

A. Seismometers, including galvanometers, if electromagnetic systems are  to  
be used. There shoultl be one to  three comporients of meilium to high magnifi- 
cation, depending upon local conditions, microseisms, and type of instrument. 

B. Recorder, ~ ) h o t o ~ r a p h i c  or mec*hanical, depcniling upon type of regis- 
tration. 

C. Housing ; that is, Seismograph room or special building. 
1). Piers of sufficient size arid stability to  support the instruments. 
E. Time-rnarking clock (or  chronometer) equipped with suitable electrical 

cwitacts for operation of time-marking equipment. 
F. Time-marking relay with necessary devices for production of suitable 

minute and hour marks on the seismograms. 
G. Time service, to consist of reliable astronomical observations a t  the station 

or radio or other eqnipment for  reception of United States Naval Observatory 
time signals. 

H. Supplies for routine operation, such as photo paper, chemicals, dark-rooni 
eyuipment, and ruby lamps. 

I. Services of assistant who is  qualified to  carry on all routine work, such 
as changing records, comparing and rating of clocks, making minor instrumental 
adjustments, and preparing the seismograms for  interpretation. 

J. Interpretation of rewrtk. The amount of time to  be spent upon the study 
and interpretation of the finislied seismograms will depend entirely upon local 
conditions and supporting institutions. 

K. Cooperation with other agencies or associations. Stations which cooperate 
with other agencies or associations by furnishing relitible information on all 

~~ 

' 1,. Don b e t ,  Rnl.  Seis. Sor. Am. w l .  24, no. 1, January 1934. 
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important earthquakes registered at the station or those which exchange illfor- 
mation for special studies a r e  of the most value in advancing the kcience and i n  
increasing our knowledge of earthquakes. 
12. Strong-motion station.-The general requirements for a 

strong-motion station are fewer in number, and the cost of operation 
should be much less, but the inspector or operator must be prepared 
and qualified to assume the responsibility of keeping the instruments 
in excellent condition a t  all times so that they will operate automati- 
cally and with precision at  the time of severe earthquakes in the im- 
mediate vicinity of the station. The equipment will depend to some 
extent upon the type of instrument to be used, but for the most com- 
mon of the strong-motion instruments, the accelerograph, the reqtiire- 
nients are as follows: 

A. Accelerograph, complete with a three-component accrleronicter ant1 ciuto- 
uiatic recorder. 

B. Housing-that is, a seismograph room or small spcciul building so con- 
structed that  it may be darkened for photographic work, but need not be eqniplml 
with light trap. 

Q Pier, of sufficient size and stability to support the ticcelerograph. May i'cst 
directly upon a concrete or stone floor and need not be separated from walls. 

D. Supplies (photographic paper) for routine, stand-by operation. 
E. Services of a skilled observer who is capable of making fine instrumental 

adjustments, who understands thoroughly the technique of photographic record- 
ing and who is able and willing to carry out detailed technical directions for 
special or routine operation of the  station. 

COST OF ESTABLISHING A SEISMOGRAPH STATION 

13. Teleseismic station.-The cost of establishing and operating 
a seismograph station for registration of distant earthquakes depends 
to a large extent upon the type and number of instruments to be 
constructed or purchased, the nature of the geological structure upon 
which the piers are to rest, and the kind of construction to  be used in 
the seismograph building or room. Information on the cost of me- 
chanical seismographs is not available, as instruinelits of this type ;ire 
not constructed on a commercial basis in the United States. The 
cost of a single horizontal-component seismonieter designed for photo- 
graphic registration will vary from about $200 in the case of direct 
registration up to $1,000 for galvanometric instruments. These prices 
do not include recorders which may vary from $2250 for a single com- 
ponent clock-driven or synchronous motor-driven drum up to $1,000 
for a three-component recorder with open-time scale. Time-inarking 
clocks with reliable circuit fiakers vary in price from $175 upward. 
The cost of a radio receiver will depend primarily upon the distanw 
at  which i t  is to be used from the sending station, but should not 
average more than $75. Single component, photographie recortl~rs 
having a time scale of about 15 millimeters per minute can be operated 
for $35 to $50 per year (materials only). 

13a. Strong-motion stations.-The cost of three coniponent ac- 
celerographs varies from $1,000 to $1,240, depending upon the num- 
ber of units purchased a t  one time. Installations are not expensive, 
however, as the piers may rest directly upon concrete floors, nor is 
the cost of operation high, as it is not continuous. 

78971- 36---3 



14. Amateur stations.-It is possible to construct lorn niagnifica- 
tion, incxpeiisivc, mcciianical seismographs which will respond to  
seismic WNVCS rt~sidting f i  om the major enrthqrinltcs a n d  which will 
f I I  1-11 i4 i  in form at  ion of ~ a l  ~ i e  to mologists, provitlecl the time as 
marked by the gram is accurate. Such instriinients have been con- 
strwcte(1 ant1 opwxtctl by I3nldhritlgr ', Seclbiirgw ', nncl others. 

DESCRIPTIONS OF VARIOUS TELESEISMIC INSTRUMENTS 

15. Bosch-0mori.-'I'liis instriimmt, figitre 8, consists essentially 
of a Iirwvy in:iss of 10 to 100 1ciIogr:iiii~ nio1iritcd on n Imam :iii(1 511s- 

FII.I  iir h --I:II\I 11 01iin11 horirontnl rompo!irnt r.cir.mogrnl~ho. nr. forrnrrly oprratcd at 
~;cotfirtfn\ri I I I I \ I  r\ity, \V:i4iiiigtnn, 1). ( Now nprintwl n t  \V~r.ton Collrgi., \Vr<tnri,  
h l  

pendoc1 as :i liorizontnl p(.n(liilrim from a m:issivr column. Thc static 
magnification vnrirs ft om 10 to 120, dep~ncling upon the valiic of the 
steady mas? and the length of the miiltiplyjng 1tvrr.s. Rcgistrntion 
is accomplished by means of n. styliis which writes n recortl on smoked 
paper :ittached to n drilin tlrivcn hy cloc~kwork. Oil or air dnmping 
is iisiinlly provided. Tlie roliimns and recortlers are I)oItcd down to 
heavy masonry piel's. Time marks nre placctl on thc scismogrnni 
every minute by an rlcctromagnctic device wliicli lifts the styliis or 
mows it laterally a small amoiint. 

16. Wiechert.7--'l'hr stently mnss of this seismograph (fir. 9)  is 
moiintcrl nea r  the top of n vertical column the lower end of which is 

5 It. It. I3nidridqr : I h r i l p  mndr ni~ lnmo~rnph,  I'opiilnr Scirncr Monthly,  Novrmlwr 192.7, 

SA. G.  Ingnlln: Amntimr Srismology: Sricntifir Amwicnn, April 192fi. p. 194. 
7 11. P. b i d :  On tlir ('hoicr of n Sriarriorral~h ; 1<111. S d n .  Soc., Am.. YO]. 2. no. I .  

p. Mi. 

Marrh 7910. p. 26. 
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supported by two pairs of flat springs under tension jn such a 
manner as to  permit freedom of motion of the steady mass i n  any 
horizontal direction. Light  aluminum multiplying levers are con- 
nected to the steady mass and arc so oriented and constructed as to  
permit of registration of two components of the motion a t  right 
angles to cadi  other. Ai r  clnml)crs h v i n g  a wide range af adjust- 
ment are also attached to  the mechanical levers. Static magnifica- 
tion varies from 20 to 160 (and higher) depending on the size of the 
steady mass. The recorder is driven by n gravity clock whose rate 
is controlled by a revolviitg fail governoi*. 

~ I G U R B  9.-Wirclirrt invrrted. two romponrnt, inrrlinnirnl srismogmpli. 

h vertical component Wiechcrt is shown in figure 10. ‘rhe steady 
mass of 80 l~ilogr:~nis is mounted on a horizontal h e r  supported by 
a heavy helical spring. Ai r  clamping, similar to  thatJ of the hori- 
zontal component, ic: used and registrat ion is mcchanical. 

An inrcrtcd pcnclnliim srisi~tograph, sorncwliat, simi1:ir to  the 
Wi(~cliri’t, but equippet1 with oil tlaniping, is i n  olwi-at ion at the 
University of Virginia. It mas designcd and constructed by thc late 
A. J .  Weed, and is shown in fignrc 11. 
17. Wood-Anderson.R---Tn this instrument (fig. 12) the steady 

mas? consists of a small copper cylinder or V:LIW :itt:icherl along one 
e(1g~ to z fine t iuipten fi1:imont strctcalic.tl t:rut. Tltr iil;iiit(wt is SIIS- 

.I .I. Anilrrnon :ind 11. 0. nrooA : Drsrription nncl Throry of tllc Torsion Arisnionirtrr : 
nnl. SPIS. So(-. A,.  vol. I,-). nn 1 .  Mnrrli I!):.?. pii. 1-72, 
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pended from a rigid frame aiicl its tension is fixed definitely by a 
small mass attachrd to  its lower end. l'he filament acts as the axis 
of rotation of the system. The raiic oscillates a t  right angle5 to the 
magnetic fieltl of a perniancnt magnet :ittnchctl to tlic. frame, :inti 
magnetic damping of any desired degree may be obtainecl by ad- 

1 , ' 1 c ; i ~ n :  >O.-Wiechert, vertical component, mec~h:inicnl s~4smnjirnl~Ii 

justment of the height of the magmet rolative to  the vane. A mirror 
IS attacliecl t o  the upper part 0-1' the vane for  USP in photographic 
registration. Static ~ii:igiiific:~tion wr ies  from aborit 400 t o  2,OOO, 
clcpcnding upon the type of steady m ~ s s  and the length of the opticixl 
lever. 

18. Milne Sha~.~-'l'lie Milne-Shaw seismograph (fig. 13) is a 
small horizontal penclnlum har ing  n steady maw of ahout 1 poiin(1. 
It is clesiped fo r  registration of distant earthquakes. A coppw 
vane, attnc.hetl to  the boom in  such a manner tha t  i t  moves betwccn 
the pole pieces of permarlent, magnets, provirlcc, magnetic clamping. 
The clamping is adjnstfthlr 0 x 7 ~  a n ick  range by n simple adjiistment 
of the air gap bctw-cen the poles of the magnet\. 7 ' h ~  static magnifi- 

" Afilne Rhnw hnndbnoli. .T. .T. Ahaw, West Rmnrli ,  1:ri~lniid 



cation may be set at 1.50 or 250 n u d  i q  accomplisliccl by nimiis of :I 
system oE inechnnicnl 2nd optican1 levers. Registration is plioto- 
graphic, the pnpcr speed lwiiig 8 niil1iiiictei.s per niinntc on the 
recorders as fiirnislied by Slian.. 



which is hinged to a rigid metal frame.worlc (fig. 14) t)y thin, flat 
steel springs under tension. The  boom carries n series of copper 
coils which move a t  right angles to  R strong magnetic field as the 
boom oscillates. These coils are connected in series with the coil of a 
high sensitivity gtlvanometer. *is the coils move in the magnetic 
field of the permanent magnets a current of electricity is generated in 

I * ' I L I J R ~  12  -~~'ooi l - . \n i? i~r~or~ torsion wismomotcr. 

thp circuit,, which tleflrcts the gxlranomcter hy an amoltnt depending 
upon the amplitude and periotl of the  coils relative to  the field. The 
amplitude of' the angnlar motion of the galvanometer coil clepcnds 
also upon the sensitivity of the gnlvxnomcter. The ground motions, 
highly magnified, a re  recorded photogrnphically by refiection of a 
beam of light from the galvanometer mirror t o  R suitable recorder. 
Damping j s  magnetic and is accomplished by means of R copper vane 
attached to  the c>nd of the boom i n  siich a manner tha t  i t  passes freely 
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I)etn-wn tlie polc pitws of a set of prrmanciit magnets :is the  hooni 
oscillatcs. In addition there is some electromagnetic damping in 
the  circiii t itsclf. 

Tn the rcrticnl component (h l i tz in  (C‘amlridgc), tlir h o n i  ant1 
ii inss arc, 1)alnnced :tpainst n vertictil spring in siicli :L inaiincr t h a t  t lw  
system is free to mow only in :I vertic;Ll plaiic ant1 is scnsitivc only 
to the vertical component of tlie proiintl motion (fig. 15). Regis- 
tixtion is palv:~nornc~tric, as in the Iiorizontnl c.onrpoii(wt. 

20. Wenner.ll--,\s in tlie (ialitxin instrnnirnt, tliir: scismometcr, 
(fig. I(;) is tlesipnrd for galvniioirietric registr:Ltioii. Tlie l m o i i i  of 
tlrc> irisi-riorcietci. is hinged to :L rigitl colnrrin I)> w r y  thin tcmpciwl 

I; 1 .  1 1 i i / i 1 1  I (  ~ i i i l ~ r i i l ~ c )  \ i ~ i l i ~ , ~ l  coni[ioliivil i i i o i i i ( ~ 1 1 ~  : 1 1 i i 1  gal \  . i i i o i i i f ~ l ~ r  < I <  

Imihs liingrs in such ;I i-rianiiei’ that  it is f r w  to  osc-ill:itc in  n Iioriztrrital 
plnne. ‘Hie oiiter entl o f  the boom carries n coil, tlie axis of wliicli is 
concentric witli cylinrlricnl pole piecrs fixrtl to pwrrianrrit magnet< 
nttacIie(l to tlie lmsr of tlie instr i im~~nt .  The coil is f ‘rc~~ to move i i i  
: ~ n  air  gap 1)ctwrc.n thr polc pirces, and tlic p1me of the coil is pnidlel  
to  the lines of force of ;L strong, permnntwt, rntlial mngnrtic fieltl. 
‘l’lir terminals o f  the coil are c lowl  throiigli n seiisitivc p:r:LIvnnonietei* 
vitli suitnhle sliiint in p:Lr:~lIcl (fig. 17). I f  tlie scisinornett~i* coil 
n iovrs  in :L clirection nt rig+t ;~ngles to tliis rnajinc~tic ficltl, :I riirrcnt 
is indnced in tlie coil ant1 the branch circnits, wliicli in tu rn  protliices 
an  nngiilnr drflection of tlre gnlvariometer wliicli is m i d i  greater thnn 
tlic aiigiilnr motion of tl io scismorneter coil. Adt1ition:il m:ignific:i- 
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tion and a continuous photographic record are obtained by reflecting 
a beam of light from a mirror attached to the moving element of the 
galvanometer to a sheet of bromide paper attached to a suitable re- 
corder. Damping is practically entirely electromagnetic and is 
easily and quickly adjustable by remote control by means of a shunt 
across the seismometer branch of the circuit. Nominal magnification 
varies from 1,000 to 2,000, depending upon the type of galvanometer 
iised, the degree of damping, and upon the length of the optical 
lever. 
21. Benioff (vertical).l*-This seismometer is equipped with a 

heavy mass of 100 kilograms suspended by a helical spring of such 
stiffness as to provide a period of about 1.0 second. The first models 
were provided with oil damping, but in later types damping is electro- 
magnetic. The mass is coupled to  a recording galvanometer through 
an electromechanical transducer of high sensitivity. The galvanom- 

FIGUBB 17.-Bridge circuit used with Wenner seismometer. (R Is the resistance of the 
seismometer winding and leads connecting it to the recording station' r i s  the resis- 
tance of the galvanometer coil suspensions and leads : S is the resistadce of the bridge 
or shunt for adjustment of  the) damping of the system). 

eter ma be of the short- or long-period type. It is possible also to 

mometer simultaneously. Magnification is very high for the short- 
period ground waves, but drops off quite rapidly for the longer 
periods, depending upon the type of galvanometer used. A Benioff 
seismometer, photographic recorder, control panel, and short-period 
galvanometer, are shown in figure 18. 

22. The Henioff horizontal component seismometer is also of the 
short-period type and is designed for galvanometric registration simi- 
larly to the vertical component instrument. One of the horizontal 
component seismometers is shown in figure 19. 

23. Tilt-compensation seismometer (M~Comb-Romberg).~~- 
The elimination of the troublesome effects of a slow tilt of the ground, 
the pier or the instrument columns, due to temperature changes or 
other causes, is accomplished in this instrument by means of viscous 
coupling between the boom and the multiplying lever. The multiply- 
ing lever carries a mirror and is pivoted about a horizontal axis. The 

operate B 0th long- and short-period galvanometers from the same seis- 

1aHugo BenioE: A New Vertical Seismograph: Bul. Seis. SOC. Am., vol. 22, no. 2, 

18 Arnold kombery : Theory of a Nontllt Seismograph * Bul Sels. SOC. Am., vol. 9, 1919, 
135. H. E. McComb, 

June 1932 155 

h o c .  Fifth Pnc. Ssci. ConaresH, Univ. of Toronto Pre& 1n:d  Oi7-38). 
H. E. McComb, Bul. Seis. SOC. Am., vol. 21 nd. 1 March 1931. 
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i o w r  cntl of the lercr tcrminatc~s in a light. rigid ~ i i i ~  wbiiicrgcd in 
oil. Norninlly this lcrcr hangs rerticnlly nntlcr the action of gravity 
and thc  mirror rcm:iins horizontal. For cart 11 periotls r:inginq froin 
a sninll portion of n sccontl np t o  30 ov 40 seconds, the rnne J o l l o ~ s  
tlie oil n-ithoiit :ipprcci:ible lo.;.; of :iini)litii(le. bu t  for w r y  slow periods 
of several miniitcs or hours. the lever compensate.; continuously and 
the mirror  rcmnins liorizontnl. 

Tlircc sets of instriinicnts of the Jhwli-Omori type 11nw been re- 
designed by the Coast and  Geodetic Siirrey for  t i l t -coi~i~~cnsnt io~i ,  

photog:r;ipliic registration, and oil tlnmping. Two mom of these in- . striiincwts Iinvc heen similarly rrdesignctl, hit cqiiippccl with magnetic 
clamping, figure 20. A smnll niotlel inqtrnment, tlesignetl for high :\nd 
low ~nagnification ant1 magnetic t1:imping is shown in  figure 21. Nor- 
mal static inagnific:ition i x n ~ c s  l'i.oni (i to XI(), cleprndiiig upon loc:il 
requirements. 

24. Other seismographs.-Tlirrr, are many other types of tclc- 
seismic in~tr i i inrni  s, pr:icticalIg a l l  of wliich arc hasrcl iipon t 1ir 
principle of the horixontnl or rcr t i ra l  pcntliilnms. ICacli has  its 
field of iisefiilness, hilt in many c:ises tlic iiistriiincnts arc of speci:il 
design to  sui t  local contlitions, only one instriinicnt or component 
br ing in rsistcncc. Tn other caw.; tlie instruments arr cjiiitc rlnhorntc 
and rcqiiirc not only spcci:il buildings or rnnlts for their iiistnllntioii 
bu t  special ansil iary equipment, for  their operation, as, for  rwmplr.  
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the linear-strain seismometer as designed by Benioff l4 and operated 
successfully a t  the seismological laboratory in Pasadena. 

SEISMOGRAPH RECORDERS 

The apparatus for recording the motion of the seismome? y d u -  
lum is of equal importance to the seismometer itself. It out a 
continuous uniform record of the motion of the seismometer relative 
to the ground the latter is of little value. 

25. A photographic recorder consists essentially of the cylindrical 
drum which is rotated a t  a peripheral speed, of 8 to 60 millimeters 
per minute by a spring clock or motor, and at the same time trans- 
lated along its axis a t  a rate of 3 to 5 millimeters per hour. The 
beam of light which is reflected from the mirror on the seismometer 
boom or galvanometer is brought to a point focus on a sheet of 
photographic bromide paper attached to the drum. The bromide 
paper after development is called the seismogram. Recorders are 
usually designed so they will furnish a record of 24 to 26 hours' dura- 
tion without interruption. A simple clock-driven recorder is shown 
in figure 22. A straight filament galvanometer lamp and time- 
marking device are contained within the metal tube on the front of a 
light-tight recording box. The box contains the clock and the re- 
cording drum, the face of the drum being close to  a long window 
just above the lamp housing. The cylindrical lens, which is adjust- 
able in focus, is mounted directly in front of the window. This 
recorder is designed for use with a single component seismometer. 
A clock-driven recorder designed for use with two galvanometers is 
shown in figure 23. The time-marking device on this recorder con- 
sists of two glass flags mounted on the armatures of two telephone 
relays. When the relays are energized the flags displace the light 
beams by a small amount and produce time marks on the seismogram 
without loss of record. Another two component photographic re- 
corder is shown in figure 24. This recorder was constructed origi- 
nally a t  the Hawaiian Volcano Observatory for mechanical registra- 
tion, but was later modified for photographic registration by the 
Coast and Geodetic Survey and equipped with a suitable cover. I n  
this recorder two adjustable prisms are mounted on the armature of 
a relay for use in production of time marks. The performance of 
this recorder-that is, the uniformity of rate of rotation-has been 
very satisfactory, the paper speed being 30 millimeters per minute. 

Synchronous electrical motors are, of course, more satisf actory 
than spring clocks for driving seismograph drums, since the motion 
is continuous and quite uniform. The motor-driven recorder, as 
supplied with the Wood-Anderson and Benioff seismometers, is 
shown in figure 25. This recorder is driven by a synchronous clock 
motor or by a special motor which is controlled by a vibratin reed. 

galvanometric registration, is shown in figure 26. I n  this instrument 
the separate drums are mounted on a common shaft with a motor 
and gear box at one end. This recorder is supplied with or without 
metal covers. 

26. 

Another recorder, which is convenient for seismometers emp 4 oying 

14 Hugo Benioff : A Linear Strain Seismograph ; Bul. Seis. SOC. Am., vol. 2 5 ,  no. 4, 
October 1935, p. 283. 



1 



28 IT. S. COAST A S I )  GNOT)l?TTC SURVEY 

I 





30 U. S. COAST AND GEODETIC SURVEY 

TIME MARKING EQUIPMENT 

27. As it is necessary to know accurately the tiiries of arrival of the 
different phasw, it is essential that the standard time of the time 
marks on the seismograms be known to an accuracy of a t  least 1 
second in teleseismic work and with much greater accuracy in 
studies of local quakes. It is essential also that the rate of rotation 
of the seismograph drum (paper speed) be nniform in order that 
the time marks be equally spaced. Pendulum clocks or chronometers 
with suitable circuit nialters or circuit breakers are usually used for 
operation of time-marking equipment. A Hatisfactory form of cir- 
cuit maker as used on pendulum clocks is shown in figure 2'1. The 
device for protluction of the hour marks consists of two levers which 
are held by a spring against a spiral cam, A .  As the cam rotates 
with the minute-hand shaft the ends of the levers are pushed out- 
ward from the center of the cam. At one point on the periphery 
of the cam the spiral has an abrupt offset of about 3 millimeters. 
One of the levers is adjustable relative to the other in the direction 
of its long dimension. I n  practice the levers are so adjusted that 
the shorter lever drops from the offset of the cam making electricttl 
contact with the other lever and a few seconds later the longer lever 
drops and breaks the circuit. The duration'of the contact thus de- 
pends upon the positions of the ends of the levers relative to the 
offset. Similar levers are operated by a cam attached to the second 
hand at  S and control the circuit which operates the mechanism for 
the production of the minute marks on the seismogram. These levers 
are usually adjusted so as to give a mark of 1 or 2 seconds' duration. 
I n  some cases the levers are equipped with an auxiliary device which 
omits the hour niark at  noon and midnight but allows the minute 
mark to record, thus definitely identifying the hour marks. 

In  the case of mechanical recording on smoked paper the above 
circuits are closed through an electromagnet, the arniatui'e of which 
operate5 a mechanical marker or causes the writing stylus to be lifted 
or deflected laterally for an instant. The hour mark is either not 
used at  all or the circuits are so arranged as to cause the sixtieth 
minute mark to be omitted each hour. 
29. I n  photographic registration several methods are used for the 

production of time marks. The simplest method is to eclipse the 
light by an electromagnetic shutter, but this method results in some 
loss of record. The better method is tu displace the incident light 
a small amount by ineans of a small iece of plane glass attached to  

responding displacement of the light spot on the seismogram, so 
there will be no loss of record. A still better method is to  pass the 
incident light through a 90° prism attached to  the armature of the 
time-marking relay so that when the armature moves the incident 
ray is deflected through a very small angle, resulting in the desired 
displacement of the spot on the gram. 

TIME COMPARISONS 

28. 

the armature of the time-marking re f rty. This will result in a cor- 

30. The time-marking clock or chronometer should be compared 
daily with a reliable astronomical clock whose rate and corrections 
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NAA 

9260 

9250 

4390 
9260 
9250 
9250 
9250 

_ _ _ _ _ _ _  

9260 

3 9250 

( 4 )  

9260 

9250 

9250 
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NSS NPQ N P O  N P Q  N P M  N B A  
- 

_ _  - - - - -. 1 42.8 _ _  - - - - - - - - _ _  _ _ _ _  - _ _ _  _ _ _ _  _ _ _ _  _ _ _  - 
(2) 42.8 108 12885 16180 46 

_ _ _ _ _ _ _ _  .-.c---- _ _ _ _ _ _ _ _  _ _ _ _ _ - - _  __ - - - - - -  _ - - - -___ 
....................................................... 
....................................................... 

___. _ _ _  - _ _  _ _ _  - - _ _ _  _ _  - - _ _  - _ _  - _ -  ._ - _  - - - -  - - - -  - - - - 
................................................ 
................................................ 

(2) 42.8 108 8590 8080 ........ _ _ _ _  - _ _  - _ _ _  - _ _  - - __-_ - - -_  _ _  - _ _  - - - _ _  ._ -- -- - - - - - -  - - 
....................................................... 
....................................................... 
....................................................... 

................................................ 
....................................................... 

................................................ 
....................................................... 

(1) 42. 8 108 12886 8090 46 
....................................................... 

................................................ 

. -. -. -. -. ._ - - - - ~ - - - - - ~ - - - - ~ - -. - - 

................................................ 

....................................................... 
I 42 8 . 

....................................................... 

Tamp: 3.-United States Naval Okervatory time signals 
[EBPECTIVE JUNE 16, lSa01 

Tabular values are frcqucndea in ki loc~cles  
-..___ __- 

I 

2 .......................................... 
3 .................................. 
4- ......................................... 
5 .......................... 
8 .................................. 
7 .................................. 
8 .................................. 
9 .................................. 

10 .................................. 
11 .................................. 
12 .................................. 
13 .................................. 
I4 ......................................... 
15 .................................. 
16 ......................................... 
17 .......................... 
18 .................................. 
19 .................................. 
20 .................................. 
21 .................................. 
22 .................................. 
ZJ .................................. 

Hour (Greenwich civil 
time) 

NAA 1 NAA 

113 

I64 113 
113 
113 
113 
113 
118 
113 
113 
118 

113 

'64 113 
113 
113 
113 
113 
113 
113 

o.-.. .............................. 
l..... ............................. I I E 

_____do ................................................ 
Grid condenser ....................................... 
Qrid leak ............................................ 
By-pass condenser. .................................. 
Tube ................................................. 

.----do _ _ _ _ _  - - - - - - - _ _  - - - - _ _  - - _ _  - - - -. -. - - - - - - -. - - - - - - - - - ..... do ................................................ 

200 turns. ............... 200 turns. 
O.lMXXZ6 mfd .............. 0.001 mid. 
4 megohm ............... 4 megohm. 
None .................... 0.01 mfd. 
201A .................... 201A. 
201A-. - - - - - - .- - - - - - - - - - - 201A. 
201A ................... 201A. 

Stations 

I To be discontinued when 17.8 kc transmitter is put hack into service. 
a Only one of the following frequencies: 4016, 8030, 12045, or If3300 kc. 
8 Not  transmitted on Sundays. 
4 All three of the following frequencies: 8160, 12225, and 16300 kc. 
NAAPU. 8. Naval Radio Station Arllngton, Va. 

NPO-U. 8. Naval Radio Station Mare Isla& Calif. 
NPM-U. 8. Naval Radio Station: Pearl narbdr. Territory of Hawaii. 
NBA-U. 8. Naval Radio Station, Balboa, Canal Zone 

NS8-U. 8. Naval Radio Station: Annapolis Md. 

TIME SIGNAL RECEIVERS 

31. For the high-frequency signals, any high-grade short-wave re- 
ceiver should be satisfactory. For the low-frequency signals i t  is 
necessary to provide special equipment. Schemat.ic wiring diagrams 
of two simple and convenient low-frequency receivers are shown .in 
figure 28 and the par ts  a re  listed in table 4. 13y use of speclal 
amplifiers and auxiliary equipment i t  is possible to record time sig- 
nals on the seismograms automatically a t  distances quite remote from 
the transmitting station, but such equipment is qiiite complicated 
and somewhat expensive, and will not be described here. 

- - 
No. 
- 

1 
2 
3 
4 
6 
6 
7 
8 
9 

11 
12 

i n  

TABLE 4 . - R ~ d i o  receiver part8 

Part I Circuit A 1 Circuit B 

Double pole double throw switch. ............................................. 
Variable condenser, 0.001mfd ......................... I 43 plate-. ............... 
. ............................................ I ................... 

--.do _ _ _ _  
Honeycomb coil (for 113 kc signal) 
.____do _ _ _ _ _ _ _ _  ........................................ 

43 plate. 
43 plate. 
None. 
2M) turns. 
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Rheostat _._____ ~ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Ballast resistor _ _ _ _  _ _  _ _ _ _ _  ____._______________________ 
____do ______________._.___________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Amplifying transformer ______.___ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  
_.__do _________.___ _______._____________ _ _ _ _ _  ~ _ _  _ _  .___ 
Single pole single throw switch-.-. ~ - - - -. ~ - - ~ - - - - 
Single circuit jack-. _ _ _  - _ _  - - _ _ _  - -. - _ _ _ _ _  - - - ~. ~ - - - ~ ~ - 
____do - _ _ _ _ _ _ _ _ _ _ _ _  ~ __.__________ _______._ _ _  _ _  -. . _ _ _ _  
Two circuit panel jack _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  ___. _ _  _ _ _ _ _ _  
Coil mounting for honeycomb coils 

“A” Power supply . . . . . . . . . . . . . . . . . . . . .  _ _  _ _ _ _ _ _  _ _  _ _ _ _  
“B” Detector power suppl f _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
“B” AmpliUer power supp y-- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
“0” Power supply _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  

I - 
No. - 

13 
14 
16 
16 
17 
1s 
19 

21 
m 

- 

30 ohm _ _ _ - _ _ _ _  _ _ _ _  ~ ___._ 30 ohm. 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

Ratio 1% _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  Ratio 1% 
Ratio 1% _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  ~ Ratio 1:6. _ _ _  ~ - - _ _  _ _  - - - - ~ - _ _  - _ _ _ _ _ _ _  

- _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  - - ~ _ _ _ _ _ - _  _ _ _ _ _ _  _ _ _ _ _ _ _ _  . - ~  _ _ _ _  ~ _ _ _ _  
.-_________ _ _ _ _ _  _ _  _ _  _ _ _ _ -  ~ 

6 volts d. c _ _ _ _ _ _ _ _ _ _ _ _ _ _  6 volts d. e. 
48 volts d. c _ _ _ _ _ _ _ _ _ _ _ _ _  46 volts d. c. 
136 volts d. c _ _ _ _ _ _ _ _ _ _ _ _  136 volts d. e. 
4% volts d. c _ _ _ _ _ _ _ _ _ _ _ _  4% volts d. c. 

TARLE 4.-Radio vcceiver parts-Continued 
- 

Pert I Cirruit A 1 Circuit B 

I I 

DESCRIPTION OF STRONG-MOTION INSTRUMENTS 

32. Acce1erograph.-This instrument (fig. 2,9) is used for record- 
ing photographically the horizontal and vertical motions of a build- 
ing or of the ground in the vicinity of a moderate or destructive 
earthquake. It consists essentially of three accelerometers, a timing 
device, mechanisms for starting and stopping the apparatus auto- 
matically, and a photogra hic recorder, all of which remain inactiqe 
unless set into o eration E 7 the earthquake. The accelerometer IS 

small seismometer having a natural period of one-tenth second. The 
moving element or vane is heavily damped by means of a cobalt- 
steel magnet. Light from a battery lamp is reflected from a mirror 
attached to the accelerometer vane and brought to focus on the photo- 
graphic paper attached to the recorder. The three accelerometers are 
mounted with their axes a t  right angles to one another, the light from 
the three mirrors being brought to focus on the drum in the same 
horizontal line. It is thus possible to record three com onents of 

is practically ro ortional to the ground acceleration for periods of 

accelerometer is equipped with a low-magnification attachment which 
furnishes an additional record of the earthquake at  one-seventh the 
scale of the normal record. This insures obtaining readable records 
from both moderate and severe earthquakes. The automatic starting 
device consists of an oil-damped conical pendulum, which closes an 
electric contact if it moves in any horizontal direction by a small 
amount, thereby operating a relay which closes other circuits, the 
action of which starts the drivin motor of the recorder, releases the 
brake on the time-marking clocf, and turns on the battery lamp. 
After a short time the recorder and clock stop automatically and the 
light is extin ished unless the earthquake motion still persists. The 

paper is exhausted. Forty of these accalerographs, in addition to 
other types of strong-motion.instruments, are now operated by the 
Survey in various seismic regions of the United States. 

The results obtained with instruments of this type are being used 
in connection with the design of earthquake-resistant buildings and 
other structures. 

the element whic R is sensitive to ground motion. In  reality it is a 

the motion simultaneously. The amplitude of the r m r  c r  ed motion 

the ground w R. IC E are greater than about one-third second. Each 

recorder is L$“ esigned for about 10 automatic operations before the 
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33. Accelerometers.-The accelerometers as used on the accelero- 
graph were designed in their original form by Dr. Frank Wenner, 
of the National Bureau of Standards.15 The instruments have been 
greatly modified since then by the Coast and Geodetic Survey. The 
instrument as used a t  present consists of a rectangular loop of copper 
pivoted eccentrically about one of its longer sides and coupled to a 
supporting frame by :I helical spring so adjusted as to provide a 
natural period of 0.1 second to the system (fig. 30). The mirror 
which is used in photographic registration is a planoconvex lens 
silvered on the plane sicle and is attachedrto the vane. The side of 
the loop which IS opposite the pivoted side is flattened into a vane 
and is free to oscillate in a narrow air gap between the pole pieces 
of a powerful cobalt-steel magnet, thus providing magnetic damping. 
which is adjustable over a wide range by a sliding shunt with indi- 
cator dial. An adjustable base line mirror is mounted on the sus- 
pension bracket a t  the same elevation as the vane mirror. A zero 
adjuster permits of easy and accurate adjustment of the light spot 
to any position on the face of the recorder. By a slight modification 
of the base the suspension system is mounted in such a manner as to 
serve as a vertical component. I n  practice three of these instrnments 
are mounted close together on a common base and by suitable ar- 
rangement of prisms or stellite mirrors two of the accelerometers 
serve as horizontal components a t  right angles to each other and the 
third as a vertical component, all recording simultaneously on the 
same drum. A second mirror (facing upward on the horizontal 
component) is mounted on the axis of rotation of the vane and is 
directly below a reflecting prism attached to the bracket. The ani- 
plitude of the motion of the spot of light from the mirror is a fnnc- 
tion of the angle of inclination of the mirror t o  the axis of rotation. 
I n  practice the mirror is set a t  such an angle that the amplitude of 
motion of its spot will be about one-seventh that of the normal spot. 
By using such a device there is little chance of losing any record 
from the most severe earthquakes. This system, described by 
Schmidt 
34. Accelerometer (Neumann).-An instrument has been de- 

signed by Frank Nenmann, of the Coast and Geodetic Survey, for use 
in the study of ground vibrations and vibrations in buildings and 
other structures. An experimental model is shown in figure 32. A 
steady mass of about 20 grams is mounted on the end of a flat spring 
of variable length for adjustment of the period. It is coupled to a 
mechanical multiplying lever carrying a mirror. The lever consists 
of a vertical spindle rolling upon flat, phosphor bronze ribbons in 
such a manner as to eliminate lost motion and a t  the same time oper- 
ate at high static magnifications. Registration is photographic and 
damping is accomplished by means of oil between the lower surface 
of the steady mass and a flat piece of glass closely adjacent to it. 

35. Displacement meter.-The displacement meters used b the 

is shown schematically in figure 31. 

Survey in the strong motion program are shown schematical 51 y in 

18 Frank Wenner : Development of Selsmological Instruments at the Bureau of Stand- 
nrde-  Bul. Sei8 Sor. Am., vol. 22 no. 1. Mnrch 1932. D. 60. 

lek. Schmidt': Die Magnetischkn VariRtionsinstrumente des Seddiner Observatoriums : 
Zdtschrlft f8r Instmmentenknnde, May 1907. p. 137. 
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figure 33. Two horizontal oil-dnmpctl pendulums :ii*e inoiiiitctl on n 
common b n , ~  in  such x manner t h a t  the hooms n r c  a t  right angles to 
cnch other. Registration is pliotograpliic nncl tlic records arc made 
on two drums operated by :L coininoil motor. Static mxg-nificntion 

is nboiit 1.14. Tinlc mai*l<s arc p l n w t l  on cncli drum aiitoniaticnlly 
when the recordel. is in act i ial  operation. T l w  s t a r t i ng  nicchnnism 
is sinii1:ir to  thni iisetl on the accclrropxpli. 

36. Weed, stronpmotion seismograph.-?')lic:J'1ii~ instrument, shown 
in figure 31, i \  tlr~iqiwtl for t l w  i*o~i~tr: i t  ion of horizontal movcincnts 





r 1 
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of the ground or parts of buildings in the vicinity of and during the 
time of a major earthquake. It consists of a cylindrical steady 
mass of about 5 to 7 pounds mounted on three steel wires, the whole 
forming an inverted pendulum. The wire supports are attached 
rigidly to a common base and to the steady mass near its edge, the 
system having a period of about 0.2 second. Oil damping is ob- 
tained by means of a perforated cylinder which dips in an oil cup 
and is mounted directly below the steady mass. 

Registration of two horizontal components of the motion of the 
steady mass is secured by means of two mechanical multiplying 
levers. One end of each lever is attached' to the frame of the instru- 
ment and the other carries a stylus. The lever is coupled to the 
steady mass in such a manner as to give a static magnification of 
about 7. Each stylus rests against a smoked glass plate. This alass 
plate is given motion of translation by means of a spring clock w%ich 
pulls the plate along in a horizontal plane above the styluses. 

Automatic starting and stopping is accomplished by means of an 
electromagnetic device which is operated by means of a pendulum 
starter. The entire apparatus is self-contained and occupies a space 
of approximately 8 by 8 by 20 inches. 

VIBRATION INSTRUMENTS 

37. Vibration meter.-The torsion vibration meter is used for 
iiieasuring natural periods of vibration of buildings and other struc- 
tures. It is equipped with a copper vane, torsion suspension, and 
adjustable magnetic damping, and is designed for convenience of 
operation in the field. Vanes of different dimensions permit of opera- 
tion at different static magnifications and different frequency ranges. 
One of the instruments is shown in figure 35. It is similar in prin- 
ciple to  the Wood-Anderson seismometer. Neumann's accelerometer 
(see description, p. 36), also has been used in connection with the 
stndy of horizontal vibrations in structures and buildings. 

38. Vibration meter recorder.-In making a study of building 
periods it is desirable to record the vibrations since resonance fre- 
riencies can be determined more accurately from the grams than 

%om eye readings. A convenient photographic recorder, with cover 
removed, is shown in figure 36. This recorder is driven by a syn- 
chronous motor or by a g-volt, direct-current motor having different 
gear ratios for obtaining different paper speeds. Convenient elec- 
trical outlets and switches make it, possible to control from one sta- 
tion two or more of these recorders operating simultaneously on 
different floors of a building, time marks being simultaneous on all 
records. 

TILT-METERS 

39. The researches of Ishimoto and others indicate that certain 
earthquakes have been preceded by a definite pattern of tilting of the 
ground. The Ishimoto tilt-meter is a horizontal pendulum which 
is so adjusted as to be extremely sensitive to changes in level of the 

~~ 

I'M. IsI~lrnoto ; nul. of the Eq. Res. Institnte of Tokyo Imperial University, June 1980, 
n 222. 
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foundation iipon which it rcqts. T h  RIrrritt tilt-inetw, which is 
in use a t  three stations in California, operates on n different prin- 
ciple. I n  this instrrinictit interferrncc fringes between :I plate of 
optical glass and the surfacr of n liqnid are obtained. The glass 
plate is fixed to the fonndiition to  be invwtignted and tilts with it, 

1~’ ln i~ ic i :  X.-Vihr:it inn i i i e l w ,  torsion tyi)r, l o r  1 1 s ~  in dcterinininp l w r i o d ~  0 1  h i i l d i n ~ ? .  

while the surface of thc liqiiid rcniain.; horizontal. Tlic c l i a i i ~ r  in 
tlic niiinbcr OS fringrs crossing aiiy rcfcrcnce line on tlic plate itftcr 
n lapse of time is :I inrasiirr OS tlie tilt in the direction of tlic Iciiqtli 
of tlic line, hence readings taltcn on two lincs a t  right angles provide 
nir:iwIwwnts OS both coinpoiirnt .; of the tilt from oiic in+ninent. 

(:eo. E. nlcrritt : Kntlonnl Rwrnrcli  Couiicll : ‘I‘mn-actions of t lw Amrr i rnn  Oropliysical 
Tinion. .Tiinr I!):?!, 1). !)<. 
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PUBLICATION NOTICES 

To make immediately available the results of its vririous activities 
to those interested, the Coast and Geodetic Survey maintains mailing 
lists of persons and firms desiring to receive notice of the  issuance 
of charts, Coast I’ilots, and other publications. 

Should you desire to receive such notices, you may use the form 
given below, checking the lists covering the subjects in which you 
are interested. 

( D u t e ) _ _ _ _ - _ _ - _ _ _ - _ _ _ - - - _ _ _ - - - - - - - _  
DIBECTOR, U. 9. COAST AND GIWDETIC SURVEY, 

Washington, 1). C .  
DEAR SIR: I desire that  my name be placed in the inailing lists 

indicated by check below, to receive notificrition of the issnance of 
publications referring to  the subjects indicated : 

109. 
109-A. 
109-€3. 
10!LC. 
1on-n. 
109-E. 
109-II‘. 
109-G. 
1WH. 
109-1. 
10n--1. 
3 09 -K 
10%-L. 
10f)-i\.I. 
109-N. 
109-0. 
109-1’. 
109-R. 

Astronomical work. 
Base lines. 
Coast Pilots. 
Currents. 
Geodesy. 
Gravity. 
Hytlrogrnp h y. 
Leveling. 
Nautical charts. 
Oceanography. 
Traverse. 
Seismology. 
Terrestrial magnetisni. 
Tides. 
‘t’opogmph y . 
‘l’rinngulntion. 
Car tograph y. 
Aeronautical charts. 

(Nnme) _ _ _ _ _  _ _ _  _ _ _ _  - _ _  -_ - - 

(Adtlress) _ _  _ _  - - _ _ _ _  .. - _ -____-  - 

,4 c ~ ~ t t i l t r g  of tlir l)i~lrlic~:itions isstlei1 by till I)ureuus of the I )tipart- 
iiient of Coniinrrce may he had u~ion application to the (’hief, Division 
of I’ublications, J>epurtrnPnt of (’oinniercc, Washington, 1). (”. It 
t i l ~ o  contains a list of litirllrit% located in various cities throughout 
the United States, ilesignttted by Congress 11s puhlic depositories, 
\\.liere puiilicntions printtltl hy the Governnwnt for public ilistri- 
Iiution may lie consultetl. 
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