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My invention relates to an instrument for de 

tecting vibrations, particularly seismic waves. 
One object of my invention is to provide a, 

seismometer with a low resonant frequency. 
Another object of my invention is to provide 

a means for controlling the relative effects that 
the magnetic and spring forces have in determin. 
ing the frequency of a seismometer. 
Another object of my invention is to provide 

a reluctance type seismometer in which the reso 
nant frequency is affected only slightly by the 
magnetic circuit. 
Another object is to provide a variable reluc 

tance type seismometer. 
Another object is to provide a seismometer 

having high sensitivity per unit weight. 
Still another object is to provide a seismometer 

having substantially uniform response through 
out the frequency range of 'interest in seismic 
surveying. 
Other objects of my invention will be apparent 

Or will be specifically pointed out in the descrip 
tion forming a part of this specification. 

Referring to the drawing: 
Fig. 1 is a plan view of the working parts of 

one preferred form of my invention taken on the 
line - of Fig. 2. 

Fig. 2 is a vertical section of one form of my 
seismometer taken on the line 2-2 of Fig. 1. 

Fig. 3 is a vertical section of another form of 
my invention also taken on the line 2-2 of Fig.1. 

Referring to Figs. 1 and 2 parallel permanent 
magnets , 2 have soft iron cross pieces 3, 4, 
butted against the ends thereof. Magnets , 2 
and cross pieces 3, 4, are secured to brass end 
plates 5-5. Yoke type magnetic poles 6 and 
are rigidly mounted on cross pieces 3, 4, re 

Spectively, facing inwardly and forming central 
air gaps. Each of said poles has a pair of pole 
tips symmetrically located but differently spaced 
with respect to a reference plane perpendicular 
to the plane of section drawn in Fig.2 and pass 
ing through a center line X-X drawn through 
the poles. As shown, pole tips Sa and 6b of pole 
are spaced further apart than pole tips Ta and 
b of pole 7. Thus, pole tips Ta and 7b opposite 

pole tips 6a and 6b respectively are symmetrically 
offset therefrom. 

Flanges 8a and 8b of the bobbin type arma. 
ture 8 are respectively located in the cylindrical 
shaped air gaps formed by pole tip pairs 6a, 7a, 
and Sb, Tb, Said armature is centrally sup 
ported by guide springs 9 and 10 secured to a 
frame formed by magnets and 2 and cross 
pieces 3 and and end plates 5-5. 
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The fields of magnets assif Joint in the Sile 
direction so that a high cos?eiration (i. sity 
passes through the pole tips fift, b, d, it and the 
armeure 8. Said pole tipsig, St. Ed, anti t g 
said a nature flanges 8a, and se dimensioned 
and positioned so that in the stillikrium. position 
fux flows from pole tip Sc, i? gaie is a thrigg 
flange 8g and a substantial equal Brno Ent o 
fluxiows from pole tip 6b to pole tip b through 
fiange 86. Thus in the eg111.librium position 
substantially no flux flows irolygin the cenai 
core 8c of armature 8. : 
A coli G surrounding core 8a and secuted to 

the frame is adapted to detect, changes in fluk 
through. Said COre. . . . . 
Whethere the frame moves 79.70sge( i. th 

armature the flux through Gare 8? (Riges an 
a corresponding electromotive force is initiced 
in coil G. Thus vibrations reighing the 8te 
produce corresponding electrica: Taves in coli C. 
My invention may be used as a seismoinetet 

to detect earth vibrations produced either spot." 
taneously or artificially. ... seismic prospectro 
ing earth waves lying in the age of frequencies 
from about 25 to 150 cycles 2te of particiar 
interest. 
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My seismometer may be used to reproduce 
these waves faithfully at all the frequencies of 
interest. In order to achieve faithfulness of rer 
production, I utilize a pickup coil Secured to 
the frame, a low resonant frequency for the no 
ing armature 8, and a low inductance winding. 
By using a pickup coil so mounted Ibm. able to use electromagnetic damping by short circuiting 
said coil with an appropriate damping resistor 
and I also attain a large ratio of the weight of 
the case to the weight of the arnature. 
Low inductance per unit turn is obtained by 

utilizing relatively thin pole tips (, 6b, d, and . 
Such low inductance aids in producing lifori 
response at high frequencies. 
To achieve a low resonani, frequency, prefer 

ably lower than the freques?y of any wave , 
desire to record I use an artinature rating of 

5 weight and a system in whicl. fine force 303s;filt 
of the moving arrnature is off. 
The force constant affecting the resonalli fre 

quency of my seismometer, is produced by Springs 
S and and magnetic forces hetween the pole 
tips and the armature. As is well know) he 
resonant frequency of a, "fit"Ring systein de 
creases as the force constant decreases. 
To bring about a decrease is force constalt, 

I use weak springs at 9 and 8 and I intro?tice 
55 auxiliary pole segments A2 and 3 which coact 
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with armature 8 to oppose magnetic forces pro 
duced between armature 8 and pole tips 6a, 6b, 
la and b when said armature is displaced from its equilibrium position. 
As will be clear to those skilled in the art, 

when armature 8 is displaced upward or down 
Ward from its equilibrium position, the magnetic 
forces between the pole tips 6a, 6b, Ta, and b and 
said armature tend to restore said armature to 
its equilibrium position. Pole segments 2 and 
3, however, attract armature 8 and consequently 
end to draw the armature further from its equi librium position. By properly proportioning 
these two counteracting forces the magnetic 
"stiffness' of the system may be made as small 
is desired. If the forces produced by segments 
2 and 3, almost but not completely, counteract 
he forces produced by pole tips 6a, 6th, a, and gb, 
he resonant frequency of the system depends al 
nost entirely on the stiffness of springs 9 and 0. 
The combination of variable area, and variable 

sap characteristics and the attachment of the 
ickup coil to the frame instead of the moving 
part makes possible: 

1. A low inductance winding compared with he necessary damping resistance; 
2. Electromagnetic damping; 
3. Light total mass; 
4. Large ratio of moving mass to stationary 

nass; thus making possible flat steady state re- : 
POSe Over a wide frequency band and also a imple transient response. 
To prevent stray pickup from affecting the 

ystem Seriously, I use a system comprising four 
Ole tips on each side and two armatures 6 and 
Secured together as in Fig. 3 and two pickup 

oils and 2 connected in series. utilize wide 
pacing between pole tip pairs sa, 6b, and c, d, 
ind narrow spacing between pole tip pairs Sc, 
and Ta, b, so that when the coils are con 

ected to add effects of case vibration, any elec 
notive forces induced from external sources till be cancelled. 

Pasically my seismometer mechanism is a waii 
ble area, type using opposed pairs of like pole 
ps Symmetrically arranged about a central 
lane. In the preferred form of my invention, 
which the magnetic stiffness is variable CO 

ine effects of both variable area and variable gap 
ype instruments. Obviously in outdoor use, an 

losing casing of convenient form may be tilized. 
From the foregoing it is seen that I have pro 

lded a Seisnometer, which is simple and rugged 
construction, Sensitive and adapted to repro ge, seismic waves faithfully. 
It is obvious that many modifications and vari 
ions of my invention, as hereinabove set forth, 
lay be made without departing from the Spirit 
y invention." It is therefore to be understood 

at my invention is not to be limited to the spe 
fic details shown and described but only by the pended claims. . 

claim: 
l. In an electro-mechanical transducer having 
magnetic system and a magnetic armature co. erating with said magnetic system to produce 

'st magnetic forces acting on the armature and 
inding to restore the armature to a neutral pO 
ion when displaced therefromina predeter 
ned direction, a pickup coil surrounding said 
mature and responsive to flux changes through 
e arnature, resilient means supporting said 
mature on Said magnetic system also tending 
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displacement, therefrom in said direction, and ad 
ditional magnetic means cooperating with said 
armature and said magnetic system and posi 
tioned to provide a second magnetic force to at 
least partially counteract said restoring forces. 

2. In an electro-mechanical transducer having 
a magnetic system symmetrical about a reference 
plane and a magnetic arnature symmetrical 
about a reference plane parallel to the first plane, 
said armature being displaceable along an axis 
perpendicular to the planes and positioned in 
magnetically self-centering relation to the mag 
netic system, resilient means supporting said ar 
"mature in said magnetic system for restoring said 
armature to said position after displacement 
therefrom, and additional magnetic means posi 
tioned to at least, partially conteract the restor 
ing forces of said resilient means. 

3. An electro-mechanical tiansducer of a type 
having ar. Binnature movable in a magnetic gap 

, formed between pole pieces, characterized by an 

5 

40 

5 placemein, 

armature pole piece relationship effectively pro 
ducing duiring armatie novelent a variable 
field intersection area, in B, surface parallel to 
the direction of armature movement resulting in 
a force tending to center said arnature with re 
spect to said pole pieces, and a gap of variable 
thickness aiding a, line parallel to the direction of 
armature novennent resulting in an alined force 
tending to counteract said centering force. 

4. In an eiepilo-magnetic krainsducer having 
one train Si age element; iii, the fir) of a mag 
netic Sys: rovided with a pair of north pole 
tips and With airgaps 
theirelei'; cer element, 
it, the f ly suspend 
ed in the of opposite 
polarity and displaceable in 3, 3irection parallel 
to the faces of the pole lips it waiiable field in 
tersection. 3.3, ea, relatioi Ashi to line pole tips, a 
pair of auxiliary 1magnetic pole tips secured to 
One of the eletaints and foliaig 'yith the other 
element a strict Ere having two air gaps of war 
iable thickness in a direction parallel to the dis 

2ction and airia,inged so that one 
airgap thic:38ss increases as the other decreases 
with displace sent. 

5. An electio-mechanical transducer compris 
ing a magnetic system having a pair of spaced 
north pole tips and a pair of differently spaced 
south pole tips, both pairs being symmetrically 
disposed with respect to a common reference 
plane, an armature of soft, ragnetic material re 
siliently supported in the gaps between the pole 
tips, and displaceable along an axis normal to 
Said reference plane, said arrature comprising 
a central core having an axis coinciding with the 
displacement, axis, a pair of flanges on the ends 
of the core in planes inorina to said axis and 
spaced apart, a distance intern ediate the spac 
ing between the pairs of pole tips, each flange 
overlapping inner portions of the outer pole tips 
of the same polarity and outer portions of the 
other pairs of pole tips, the Bmounts of overlap 
ping 'varying "tryith the displacement, and a pick 
up coil surrounding said Core. 

6. An electro-mechanical transducer compris 
ing a magnetic system having a pair of Spaced 
north pole tips and a pair of differently spaced 
south pole tips, both pairs being symmetrically 
disposed with respect to a common reference 
plane, an armature of soft magnetic material re 
siliently supported in the gaps between the pole 
tips and displaceable along an axis normal to 

restore said armature to said pósition after said reference plane. said armature comprising a 
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central core having an axis coinciding with the 
displacement axis, a pair of flanges on the ends 
of the core in planes normal to said axis and 
spaced apart a distance intermediate the spacing 
between the pairs of pole tips, each flange being 
positioned with respect to the pole tips to pro 
vide a magnetic flux path from a north pole tip 
to a south pole tip on the same side of said ref 
erence plane and also a magnetic flux path from 
said north pole tip to the other south pole tip 
through said core, the magnetic forces between 
said armature and said magnetic system tend 
ing to restore said armature to a neutral position 
in which the armature is symmetrically located 
with respect to said reference plane when the 
armature is displaced fromi said neutral position, 
auxiliary flux distribution means positioned in 
such relation to the armature and said magnetic 

O 

3 
from a north pole tip to a south pole tip on the 
same side of said reference plane through the 
flange and another flux path through said arma 
ture core from a north pole tip on either side to 
the south pole tip on the other side of said ref 
erence plane, and a pickup coil surrounding said 
COre. 

8. In an electromechanical transducer having 
a magnetic System and a magnetic armature re 
siliently suspended therefrom and arranged so 
that flux density through the armature and par 
allel to the displacement axis changes in re 
sponse to displacements along the displacement 
axis, and means for detecting changes in said 

li5 flux density, the improvement which comprises 

system as to produce magnetic forces on the ar 
mature at least partly counteracting the afore 
said magnetic forces, and a pickup coil surround 
ing Said core. 

7. An electro-mechanical transducer compris 
ing a magnetic System having a pair of spaced 
north pole tips and a pair of differently spaced 
south pole tips, each of the pairs being syn 
metrically disposed with respect to a common 
reference plane, an armature of soft magnetic 
material resiliently supported in the gaps be 
tween the pole tips and displaceable along an axis 
normal to said reference plane, said armature 
comprising a central core having an axis coin 
ciding with the displacement axis, a pair of 
flanges on the ends of the core in planes normal 
to said axis and spaced apart a distance inter 
mediate the spacing between the pairs of pole 
tips, each flange being positioned with respect to 
the pole tips to provide a magnetic flux path 
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flux distribution means cooperating with said 
system and armature to produce a force acting 
on the armature, and tending to force the arma 
ture farther away from a neutral position when 
displaced therefrom. - 

9. In an electromechanical transducer includ 
ing a magnetic system having poles on opposite 
sides of a reference plane, an armature also hav 
ing flux bearing sections on opposite sides of 
said reference plane, resilient means supporting 
said armature on said magnetic system and con 
straining the armature movement to a direction 
perpendicular to said reference plane, said poles 
and said armature cooperating to produce a mag 
netic force tending to restore the armature to a 
neutral position when displaced therefrom, and 
auxiliary flux distribution means positioned on 
opposite sides of said plane and cooperating with 
said armature to produce a magnetic force on 

5 the armature in an opposite direction to said 
aforesaid magnetic force during armature dis 
placement. 

HAROD. W. WASHIBURN. 


