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oo

‘o all i 5?'{1,;7;# may concern: -
" Be it known that I, Crirrorp M. Pixrox,
g citizen of the United States, and resident
ooklyn, in the,county, of Kings and
gf New :York;ihave mvented certain
nd dseful Improvements in Gyroscopic
Deyices and Methods., (Case F.) of which
the following is a spectfication. ... . -

.My present invention relates more. par-
ticularly to cyrogcopic devices of the type

- adapted te maintain or indicate n fixed di-
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rection in'space during rotation of the eavth.

In ‘my prior application, - Serial- No.
351,236, filed January 13,.1920, T have de-
scribed ‘among other -things twe different
classes of units having this object in view.
One of them is the “parallel” gyroscope so
called because it is so constructed and op-
erated that the rotary movement of the
earth - about its axis is utilized to: cause the
spinning dxis of the gyroscope to maintain
-’«a,i"-ﬁ()éitircm parallel with the axis of the
(53
which 1s thut of the celestial poles, thereby
constituting a compass indicating north and
4t the same-time giving a. direct indication
of the Jatitisile of the place. As described
i said spplication, this' unit comprises a
cotapass - for holding the .spinning axis of
the parallel gyro'in the north and south-or
miefidian plane, while the parallel gyro op-
érdtes to maintain parallélism in said plane.
T other applications, Serial No. 361257,
filet] February 23, 1920; Serial No. 416.409,
filed’ October 12, 1920, ~and Serial No.
426,600%, filed November 26, 1920, I have
shown and described single-gyro units in

“which the gyroscopic reactions of a single

‘robor are utilized so as to make it seek and
‘maintain both the meridian plane and also
the position of parallelism in said plane.

- ~Said application, Serial No. 351.236, filed

~Jamuary 13, 1920, discloses how such parval-

lel .gyros- may be employed in combination
with another fixed-direction gyro unit which
I have called the “meridian gyro.” My
‘present invention as also Serial No. 356,045,
Sled Tebruary 3. 1920, relates -to the me-
ridian gyvro, so called because it is adapted

to maintain or indiite a fized direction at.
‘an angle. preferably a right angle to ‘the-

fixed direction’ shown by the parallel gyro.

“The. plare ineluding ‘these two fixed direc-

Phusi it maintaing a fixed -direciion -

s ;Speciﬁcati-c;fx of Letters Patent.  Pratented May 31, 1921.

Serial No. 420,372,

tions so indicated, constitites in ‘efféet ‘a”

fixed celestial meridian or longityde plaiie
for the earth through which  all ‘meridian
or longitude planes of the earth must rotate

these two directions, any ‘Iopa:tﬂgiijbr‘ change’ ’
“réadil

of location on'the earth can'.
determined. e
"The fixed meridian plane to-be gelécted.

1'):' Oe

55

conce 1n twenty-four, hours. ;‘H,en(;e' with , .

60

for indication by the meridian, gyro may, be, .
the meridian plane of any place on the earth-

;at any hour. of the day. For :general pur-
poses the position of the meridjan plane at
Greenwich at noon is. preferable, -although

66

for special purposes the noon position of the.
meridian plane of the place where the in- "

strument is located, may be prefergble.
Such a meridian‘gyro can ?be‘n'secf for many
purposes, but the primary. purpose which I
had in mind is use In ‘com% '

longitude of the place where the ingtryment
is located, the: latitude being; indicaved, by
the paraliel gyro: ? ‘

R T I

70

1pation with' a |
}')arallel gyro as a means for:ndicating:the”

76

The availability of the meridian gyrp for:

such preferred purpose-depends, upon thé
fact that it constitutes a.clock dix cﬁ; in-
dicating sidereal time. Such.:a; sidereal
clock has important uses entirvely. indepepd-

“ent -of Jongitude indication, . i .l o,
Clocks measure the sub-divisions . of a

“day.” but there are_two. distinct. days,.of
different lengths, both based on one. yrevolu-
tion-of the earth about its.axis. . Ong isjghe

solar day. representing one complete. revo;,

lution of the earth with respect to. tlie sun.’
and hence takes into account the: change vf
angle of the earth with respect to the sun

‘resultihg from the earth’s.orbital motion
around the sun. . Thusthe solar day involves,

a rotation of an average of nearly 361° as
regards space, but: the.excess over the 360°
varies with the position of the earth in its
orbit. The other kind of day is the siderenl
day representing one revolution of the earth.
with reference to-a fixed point in space. "As’
rotation of the earth is uniform it follows
that the sidereal days are all of equal length
-and the length is the same for all paintg’on
the earth’s surface. This, as .measured by,
an ordinary clock time, is approximately 23
‘hours, 56 minutes and 4.1 seconds. ~  -*
.Obviously it is sidereal time that will be
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kept by any device adapted to maintain and
indjcate a fixed-direction meridian plane.
For instance, such time would be kept by a
gyro freely and frictionlessly suspended in
perfectly neutral equilibrium an its spin-

‘ning axis in the plane of spin of the earth,
“which is of course at right angles to the axis
of the earth. The spinning axis of such a-

gyro would appear to rotate end over end,
once in each sidereal day, the real motion
of course being the rotation of the mounting
and of the observer on the rotating earth,
with respect to the gyro maintaining its

fixed direction in space. The sidereal time

may be read simply by observing the angle
of ‘the apparent rotary movement of the
gyro spinning axis with reference to a fixed
point on its mounting. L
Such frictionless gyro is impossible, how-
ever, and friction in the pivotal mountings
operates to apply a slight but continuous
torque of the rotating earth in the plane of
rotation of the earth which is east. Such a
torque, as explained in my parallel gyro ap-
plication referred to above, tends to cause
precession of the spinning axis toward par-
allel with the earth’s axis. Hence a gyro
even if properly set in a plane at right an-

-gles to the plane of the earth’s axis and in a

direction corresponding to a fixed meridian

- plane would immediately begin to show

yield in the direction of the rotation of the
recess out of the plane of spin

of the eartg
with the earth’s axis. »

My present invention includes means for
automatically preventing and compensating
for such factors of error and inoperativeness.
The principles of my invention and the
novelty of my methods and means for ob-
viating the effects of rotation of the earth
and overcoming the pole-seeking tendency
of the gyro will be better understood from
the following reference to well. known laws
of gyroscopic action.

A high speed rotor develops the mechani-
cal reactions and the peculiar resultant move-

. ments characteristic of the gyroscope only

60

65

60

65

when mounted so as to be free for angular
movement out of the plane of its spin, and
when subjected to a force or torque which
will actually cause such angular movement.
This angular torque is usually applied
through the spinning axis which is of course
perpendicular to the plane of the spin.

. Tt is a law of the gyroscope that the move-
ment or “dip” in the direction of the dis-

placing force will be small, but such move- -

ment or dip compounded with the power
of momentum of the high speed rotor will
cause a resultant movement of the spinning
axis at approximately right angles to the
¢ ~ect m of the primary displacing cffort.

't nis resultant motion is called “precession”.

and is peculiar to gyroscopes.

or other plane at right angles.

1,380,335

The mechanics, geometry and mathematics
of the development of precession are well
known to scientists and extended considera-
tion of them is unnecessary for present pur-
poses. It may be noted, however, that the
direction of precession depends upon the
direction of the “dip”, in its relation to the’
direction of spin of the gyroscope. For in-
stance, as viewed endwise, a downward dip
of the axle will cause precession to the left
if the rotor is spinning clockwise, or the
right if the rotor is spinning counter-clock-
wise; or an upward dip would causé preces-

‘sion to the right if the rotor is. spinning

clockwise, or to the left if spinning counter-
clockwise. o L ‘
Furthermore, if precession is opposed, as
by friction in the piyotal axissabout which
the precessional movement must develop, the
direction- of the precession will be corre-
spondingly less than a right angle to pri-
mary displacement torque. That is to say.
there will be a porportional vield or loss of
position in the direction of the primary dis-
placement torque. In the special case, where
the friction or other opposition to precession
is prohibitive as where the torque is so small
or so slowly or so rigidly applied that it
cannot overcome the initial starting resist-

.ance -on the precessional axis, there will be

no precession at all; no gyroscopic opposi-
‘tion to angular movement will be developed:
the displacement torque will be unopposed;
and the movement will be wholly yiefdipg in
the direction of the torque. ‘
The precessional movements and efforts
are purely mechanical resultants dependent
upon inertia and rotary momeéntum. This is
important, since a gyro spinning axis tends
to maintain fixed direction in space; and in
so doing may appear to haveimportant angu-
lar movements when considered -with refer-
efice to the surfice of the rotating earthi on.
which it is located,.and vice versa, gyro.
axis having fixed direction on the earth’s”
surface may have and usually will’haxe im-
portant angular movements in spage. =’ .-
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In this and certain other connections the . .

axis of the earth may be 1‘eckbneﬂ-a{.s.ﬁ1,&ﬁx'ed
direction in space, substantially un(;h‘gggéa ;

i

by the earth’s orbital motion around-tlie sun.x".

The slight shift represented by the preeess
sion of the equinoxes is too slow to produce

appreciable effects and is therefore -negli- -

glble_; ' i :
With the above principles as a basis my
gyroscopic sidereal clock and its pussible

120

uses as a clock when located in-a fixed posi- -

tion on the earth; or as a longitude indi-

cator when moved about over the surface of
the earth. may be explained as follows—

~ The ‘gyro has its spinning itxis juotihted
for free end-over-end rotitivi if the plane
of spin of the earth. that is, in the Iatitude
plane of the place. At the equator this

125

180
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‘is the equatorial plane and is the east and

. west vertical plane of the place. _In other

. latitides the planes of spin of the earth will

© " beé'planes parallel ‘with the equatorial plane
6" and at right wnglés 10 the axis of the earth.

' This involves different inclindtions from the
*._vertieal; for ~different: latitudes. - For in-

~ stance;in’latitude 30> north the horizontal

: plane of the 'place is at an’angle of. 30° !

10 ‘to "the edrth’s ‘axis: . Henée, the ‘plane’ of

- east and west horizental line, and a line at

-, ‘right anglés théreto slanting upward. but ',
- inclined: south 'at an''angle.of.30%:from the

15 vertical of the place.. In latitude. 30% south
" the bame thing is’tfue, ‘except: that :the in-
clination away from the vertical of the place,

~ is ‘toward the north: instead: of toward the-
.- douth; ‘Thése ave simple geometrical rela-:
20 tions easily obgervable by slicing -an.orange .

‘- at right:angles-to"its core, the skin of the
» \:orange : representing -the horizontal of the
- -plagéé; the: core thé:axis. of rotation and the
- cut surface the plane .of spin of the. earth.
25 . In order to: pérmit the end .over:end rota-

- tion of the spinning axis in the plane of the.
*-earth’s-spin, there must be a pivetal mount- - v
.termined: distance in either direction.

- ing affording & pivotal axis in.the north and

»south -or -meridian plane, parallel. with the

30’ ;earth’s axis.' These north and south pivots
+ ihay beé ealled the “parallel pivots” and their
Loy axis-ﬂhe(}.)ar‘al;lel axiS.. 1 e w0

¢+ »In.order that the gyro may develop its
~! peculiar-tendency to. mainiain fixed direc-

85 tion of its spinnin%;axis,: said spinning axis.
0

b+ -driust be mounted for freedom to prdcess in
- o the direction of the meridian plane which is
-+ at-right angles to the plane of spin of the

1. earth... Hence, ‘the .north-and-south. “par-: .
40--alle]”’ pivots-earry a. ring supporting other

~.* pivots having#heir axis in the plane of ro-
i.."tation -of+said parallel pivots, which is also

.- the plane of spin of the earth. Herice these -

': séeond pivots rotate end-over-end with the

45, gyro spinning axis carried thereby, but per-:
s mitting the. latter the required freedom for

: ‘iprecession .in.the north and south planes.
. These end-over-end mounting pivots should
"t be as frictionless as, possible so as to afford
50 the least possible resistance to precession in
" reponse to the earth torque applied in the
plane of the earth’s spin, through friction

© ' 1n the “parallel” pivots. N

The gyro, gyro casing, and the pivots

85 and. pivot rings constituting the universal
mounting therefor., ave :ll” carefully bal-
“anced with respect. to all three of the axes

~of possible movenjiénts’ 5o’ that' the gyro is
in neutral equjlibriunt “with respect to

60 gravity. . Co T

"~ The “parallel” pitet Bedritgs liave appre- . '
"‘The principle seems clear enough. but
“tuay be aritllmetically explained as  fol-

" ciable _frig'ticm. w0 ’iflmt;_"t‘]i"é_":‘ot:(‘ting earth
applies considerable frictional torque tend-

ing to rotate the' gyro axis in the direction”

65 of earth spin. In ortltito permit this to

.each side of the plane of spin of tHe earth.
‘' As’a simple way of making' the preces-

-subsequent, adjustments, the torques in op-
posite directions though “entirely independ-
_ent, will be the same in power and rate of

8

take_effect a5 pmon, and fd‘o--.’-SO:,: wx%h '

minimum: yield in the direction of. the
torgue, which is east,.and in order to auto:
mitically restorefhie north or:south loss of .
position ‘dueto the precession, 1. employ. a 70

~.device for applyitg a continuous succession
-of torques, on the gpinning axis in .the plane

- ’of the earth’s'rotation. - The alternating, re-
:silient, ‘torque “is‘imade relatively. great, as
6 edrth’s , “icompared with the torque of the earth. swhich |
‘earth spin 'will be -one ‘which includes ‘an ' '
-allel pivots,-and as compared -with the Iric-

. e St * 75
is applied through friction around the {ir-

tional . resistance to. precession around: the
“end-over-end” pivots. This continuously

.operating alternating torque is of sufficient go

power .to cause. relatively wide. precessional

-‘movements of the spinning axis to-and fro.

approximately in:the meridian pline, and
approximately. equal distances a¢ross and.on ..
.85
sional movement of desired. amplitude and
also of ‘equal amfplitude on both sides of
said plane of spin of the earth, I proyide
an .automatic cut-out and torque-reversing go
device operating only- when precession has
carried the spinning axis the desired prede-

. In the initial construction of.the instru- . '
ment, the resilient means for applying the 95
torque in one direction 'is ‘made as nearly :
as possible identical in construction 'with

that, ‘which applies the torque iii the other
. direction, so that initially, and ex&ept for :

P

100,

application. One of the torques will work
in the same diréction with the earth torque.
however. and the other torque will work in’
opposition to the earth:torque. Hence the

105

‘primarily equal torques would be gradually

Increasing in one direction and 'decreasing

‘in’the other direction. ™ According to my

invention this may be corrected by adjust: 110

ing .the 'temsion of the torque-applyving

-springs, until the precession in opposite di-

rections are accomplished in equa}l times.
Now we have equal torques produding ab-
solutelv equal-time.. equal-distance preces-
sion. but the torque in the one direction
represents. the alternating torque plus the

115

_one-direction earth torque, while the torque

in the other direction represents the alter-
nating’ torque minus the earth. torque. : An
important feature of my invention is that
all of the variables can be taken cave of:hy

120

‘trinl Tegulations of the adjusting means,

until the instrument keeps- approximately
correct sidegeal time. within. the hmits re-:
quired for other-accurate chronometers,

125

Tows:— ,
Let 2 equal the value to which the earth ?.°
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torque builds up during the time the alter-
nating torque is applied in one direction.
Suppose the friction tending to oppose pre-
cession in response to the torque is also .
In this situation suppose we apply an alter-
nating terque equal to 1504 about the same
axis as the earth torque. The torques on the
gyro spinning axis both being at 1502 but
the torque applied in the direction of the
earth ‘torque builds up to 1512 while that

.in the direction opposing earth torque falls
‘to 1492,

We may now adjust the resilient
torque-applying means until the one oper-

“ating with earth torque applies an imitial

torque of 149, Such tm'qlne beginning at
149 will be gradually built ap by the in-

- creasing earth torque to a final value of 150.

20.

25

30

36

while the torque in the oppesite direction
beginning at 10z will fall to a final value
of 1490, Tt is the & difference in the initial
torques that is important. and so fat as con-
cerns this, the actual values might be 1292
as against 130. or 164r as against 1652,
In either cuse the alternating torques
actually exerted will be of equal average
value and equal total value as well as. for
equal times and through equal distances,
Moreover the time rate of change will be
identical for the increasing values in one
direction as for the decreasing values in the
other direction. The important point is

that the one-direction earth torque has been.

taken care of by reciprocal precessions ap-
proximately within the fixed-direction me-
ridian plane which it is the purpose of the
instrument to preserve and indieate. The
“ precessional momentum ™ and “ curl ” phe-

- nomena described in my application, Serial

40

45

50

65

60

, 85

No. 426.6004. filed November 26, 1920, in so
far as these phenomena may be developed,

will also be equal. symmetrical and opposite,.

and hence mutually compensating.

So far as concerns these aspects of the
matter, the value of alternating torque ap-
plied by the local source of power might be
much greater or less than 150x; up to.a
point wheve precession becomes too rapid
and down to the limit where ‘other factors
such as the resistance to precession, would
not be taken ¢ave of properly. ‘

In the case supposed above, where earth
torque and the resistance to precession are

both equal to .- the yvield in the direction of -

the torque would he equal to the precession
at right angles to the torque. It is to im-
prove this situation that the reciprocating
torque is made very great a8 compared with
the  resistance oppuging  the precession.
Also. as pointed out in my said application,
Serial No. 426.6005. filed November 26, 1920,
the powerful alternating torque of proper

frequency and power should be applied

throngh a properly designed resilient mem-
ber, such as will operate to cause instantane-
ous clean-cut * dip ” followed by restoration

1,380,385

of dip permitted by the resilience of said
member, and a resultant precession at an
angle of almost exactly 90° to the torque.
Then the w earth torque being superposed.-
on and submerged in the equal (1504) alter-
nating torques all the friction and inertia
oppositions to precession are taken cire of
and the earth torque precession expends
itself as part of existing precession in the
fixed direction meridian plane which it is
the purpose of the instryment to maintain.
Moveover any possible vield in the direction
of the torque disappears as being part of
the vield which is equal and opposite. for
two directions of the alternating preces-
sional oscillations: as also any possible
“curl " at the ends of the precessional move-
ments.

The alternating torques on the pivots
causing precession in the. fixed meridian
plane and the amount of precession allowed

an either direction before the cut-outs will

operate to reverse the torque and reverse the
precession may be varied considerably, but.
a precessional movement of 3° and 6° or

-more degrees across and on either side of

the earth’s spinning plane can do no harm
since all such movement is approximately
within a fixed plane and eannot show up as
a substantial disturbance so far as concerns
correct indication of the direction of the
fixed meridian plane. The duration of the
torque in either direction may also be varied
within considerable limits, but three to six
complete oscillations per minute may be
found practically convenient.

App{ying the torque through a resilient
medium is of great advantage since it per-
mits sudden application of a maximum ef-
fort while decreasing ‘the yield or loss of
position of the spinning axis in the direc-
tion of  the torque. That is to say, the
“dip” in the direction of the torque is fol-
lowed by gyroscopic recovery, or return
movement against the resilience. of the

_torque, so that the precessional resultant is

more nearly at right angles to the torque,
and therefore more exactly in the meridiap

" plane which it is the purpose of the inhstru-

ment-to indicate. The same torque rigidly
and unyieldingly applied would absolutely
gl'event any gyroscopic recovery of dip.
Moreover, according to ‘my investigations,
the torque when slowly applied through a
rigid member that cannot follow up the dip
and does not permit recovery thereof, re-
sults in relatively large yield in the direc-
tion of the torque and relatively small pre-
cession at right angles to the plane of the

torque. .
here remain for consideration only the
instants between reversal of torque. 1th

the apparatus shown herein the gyro is free
and subjected directly to earth forque dur-
ing these instants. aud collectively, in the
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course of time, this might show an accumu-
lated yield in the direction of the earth’s
rotation. To compensate for this, the move-
ment agaihst the earth torque should be
slightly lengthened as to time so that the
torque will be correspondingly less than that
acting with the earth torque.

When my meridian gyro is used on a ship,
submarine or other transport, as a means
for finding longitude, it is necessary to have

“ordinary mechanical chronometers keeping

sidereal time in any usual way, as by

~ carefully regulated spring and escapement
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mechanism. Preferably the dial or indi-
cator will be graduated as a 360° circle, but
if graduated in hours, translation into de-
grees is a ‘simple matter. The difference
between the time as shown by the mechani-
cal chronometers, as compared with the ap-
parent time shown by the gyro chronometer,
will 'be the number of degrees of longitude
that the ship has been moved east or west.

"A rough appreciation of this may be had
from a consideration of the gyro chronome-
ter carried entirely around the earth at the
equator. If it were carried east in the same
direction with rotation of the earth it would
apparently gain a whole day in the course
of the journey, and if carried west it would

lose a whole day. This is because the

mounting index being kept “right side up”
during the journey, is necessarily rotated
one complete revolution around the parallel
pivot mounting of the fixed direction gyro,
while the’ mechanical clock so carried
around the world would gain or lose noth-
ing by reason of the transportation. So a
journey one degree or a fraction of a de-

ree east or west, will show a degree or a

raction of a degree gain or loss by the gyro
chronometer as compared with the mechani-
cal chronometer; and conversely observa-
tion that such gain or loss has been mads
“iilé prove that such distance has been trav-
eled. ,

Theoretically there is room for possible
error due to movement of the instrument on
the earth in directions having an east or
west component which might require cor-
rections for speed if the error were percep-
tible over a period of days, but such error
would be so slight as to be negligible for
the following reasons. In applying the me-
chanical torque we are multiplying the earth
torque (as it affects a gyro) many, many
times and the movement of a ship over a

"~ few feet during the engagement of the

clutches each time, would not vary the pre-

_cessional path sufficiently to lead to error

60

g?:ed;ing axis can turn end over ‘en,d in the

during any reasonable period of time. -
Putting the device on ship board, how-
ever, requires special means for maintain-

ing the north-and-south pivots parallel with -

the axis of the earth so that the gyro spin-

spinning plane of the earth. A means for
dccomplishing this on a ship or other un-
stable platform, is fully disclosed in m

prior applications above referred to. I}t’
may be stated, however, that such means in-
cludes a parallel gyro on a stabilized base
adapted to maintain itself parallel with the
axis of the earth. The mounting of this

-parallel gyro is provided with commuta-

tors in operative relation to its compass in-
dex and its latitude index respectively.

“These close successive circuits whenever

there is rélative movement due to rotation
of the ship mounting with reference to the
parallel gyro. These circuits operate to
close circuits, causing corresponding rotary
movements of the meridian gyro support so
as to keep its main pivotal axis always in
the north and south or meridian plane, and
parallel with the axis of the earth. The
meridian gyro support may include a base

-which 1s stabilized gyroscopieally or other-

wise and this may be the same base that is
used to stabilize the parallel gvro.

Repeaters may be emploved to repeat the
motions of the gyro—or its apparent mo-
tions, to other mechanisms, such as a differ-
ential commutator as described in my origi-
nal application, Serial No. 351,236, filed
January 13, 1920, or any other deviec or
mechanism, including astronomical instru-
ments. o

In addition to the above described basic
features of novelty and invention, my me-
ridian gyro includes certain important im-
provements in the details of construction
and operation, as for instance, the electro-
magnets as means for applying the alter-
nating torque in the direction of earth
torque. " They are of .special advantage as
affording means for instantly applying, con-
tinuing and removing torque of a desired
predetermined amount; also for applying
said torque with a resilient follow-up and
return, such as is required to produce ap-
proximately ideal dip, complete recovery of
dip and precession at right angles to the
torque; also as a means for instantly wind-
ing up the torque spring to the desired pre-
determined tension; also for easily regulat-
ing said tension by varying the stroke of
the magnet armature. By this means of
operating through properly selected torque

" springs the instrument can be regulated for

the purposes above described, as accurately
as any chronometer. When the strokes of
the magnet armatures have been properly
regulated, the battery or other source of
energy for the electro-magnets may vary in
strength through a considerable range pro-
vided only that it remains sufficient to af-
ford a full, quick stroke of the armature.

. It will be noted that while the function-
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rocking device described in my prior appli-
cation. Nerial No. 426.6001, filed November
26, 1920, in that it magnifies the effects of
earth torque and causes efficiently executed
precession in response thereto, causing such
precession to be nearly at right angles to
the torque and with minimum “yield” or
loss of position in the direction of the

torque. nevertheless, the functioning in the
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present case ‘is quite different in detail.
Here the one-direction earth torque is su-
perposed on unequal alternating torques ot
=ueh values that the éffective net alternat-
ing torgues are equal, similar, and opposite,
for the purpose and with the result of com-
pletely eanceling the effect of earth torque.
Whereas in the prior application the rock-
ing device is carefully designed to apply
torques which are initially equal so that the
stperposed earth torque will make them un-
equal for the purpose and with the result
of making the earth torque as effective as
possible in causing rapid precession away
from the plane of spin of the earth and to-
ward parallel with the axis of the earth.
Also in the prior case the rocking device
operates many times during a single period
of continuous application of increasing
earth torque. In this latter aspect it will
be noted that a rocking device could be ac-
tually added to my present device to oper-
ate a number of times during each preces-
sional movement, even though in-practice
such rocking device might not be necessary
or desirable. Also the electro-magnet as a
means for winding up a spring to apply a
predetermined torque, could well be used in
place of the erank and link rocking device
of said prior parallel gyro application; or
the magnets could be used directly as the
resilience element of the torque applying
means, the armature gap, retracting spring
and strength of magnetizing current being
adjustable to vary the strengths of the re-
gilient magnetic pull. ’ ‘

. The above and other features of my in-
vention may be more fully understood from
the following description in connection with
the accompanying drawings, in which:—

Figure 1 is a top plan view of the instru-
ment, the parts in this and other figures be-
ing shown in the positions they would have
at noon at-the equator, and the seve al geo-
graphical relations and indications being
indicated by legends; -

Fig. 2 is an elevation of the same appa-
ratus looking north ; '

~ Fig. 3 is a partial section and side eleva-
ti(m_on the line 3—3, Fig. 1; :

Fig. 4 is a detail on the line 4—4, Fig.
Fig. 5 is a detail on the line 5—5, Fig. 1:

Tig. 6 is a detail section on the line 6---G,
Fig. 7: - -

Fig. 7 is a detail section on the line 7 -7.
Fig. 6; ’

2:°
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Fig. 8 is a detail section on the line &—8,
Fig, 7;

Fig. 9 is'a plan view of the electro-mag-
netic switeh for cutting out the circuit of
one torque magnet and cutting in the cireuit
of the other;

Fig. 10 is a side elevation of the same;

[Fig. 11 is a diagram of the circuits with
the parts conventionally indicated ; ’

Fig. 12 is a diagram indicating geogra-
phical relations with respect to the earth as
view endwise with respect to the axis; and

[Mig. 13 is a similar diagram of the earth
viewed edgewise of the equatorial plane.

In these drawings the primary support
of the apparatus, functionally considered is
the rigid frame 1 which is maintained in a
plane. of which the east and west lines are
horizontal and the north and south lines,
paralle] with the axis of the earth. If-the
instrument is used in a fixed location, as for
astronomical purposes, the frame 1 may be
fixed on an earth foundation. It may,how-
ever, be supported as shown since the auto-
matiec means described below as necessary
for use on ships, may be kept inoperative,
thus holding the parts in fixed position.

When the device is to be used on ship
board. however, the frame 1 is provided
with pivots 2, the axis of which is horizon-
tal, east and west. These pivots ave sup-
ported in beaFings 3 in the fork 4 having
a vertical pivot 9. supported on base 16" in
the same plane as horizontal pivots 2. The
primary support being wunstable and capa-
ble of horizontal turning movements. the
frame 1 is kept with its pivots 2 east and
west by rotation of the vertical pivot 9 and
with ifs north and south lines parallel with’
the axis of the carth by rotation about the
horizontal pivots 2. The latter movement
is by means of segmental rack 5 operated by
pinion 6 driven by motor 7 -controlled
through circuits 8 connected with the lati-
tude-indicating elements of a parallel gvro-
scope such as shown in my prior applica-
tions. above referred to. The east and west
is preserved by gear 12 driven by pinion 13
rotated by motor 14, controlled through eir-
cuits 15, by commutator circuits connected
with the north' indicating elements of the
parallel gyro. Repeating circuits for this
purpese may be those well known in the. art
or may be the special repeater circuits de-
seribed in my prior application,

The frame 1 supports in the north and
south or meridian plane, the pivots 17 of
gimbal ring 16.
pivots”. Ring 16 supports pivots 20 with

. their axis perpendicular to the axis of said

pivots 17 and hence adapted to rotate end
over end in the plane of spin of the earth.
These “pivots permit the to and fro preces-
siomal movements in the fixed plane, and
may be called the precessional pivots™
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Said precessional pivots 20 are in the
form of studs on the gvro motor case 21,
the spinning axis » of which is vertical in
the position shown, which is that of noon
at the equator. But it is free to rotate end
over end in the plane of spin of the earth
about pivots 17. The rotor within the cas-
ing is of any known or desired construction,
comprising the usual gyro wheel, and
means for driving it. the Iatter being pref-
erably a three-phase motor the field of
which is stationary and the armature of
which is loeated on the rotor.

The parallel pivots 17 ave the ones around
which the frame 1 must rotate while the
spinning axis maintains its fixed-direction
meridian plane and it is the friction in
these pivots which tends to apply the earth
torque which would caunse vield in the east
and west plane and precession in the north
and south plane, the former constituting
erroneous indication and the latter operat-
ing eventually to bring the gyro parallel
with the earth’s axis where it could not
function as a meridian gyro. ~Hence, it is
around the pivot 17 that T apply the alter-
nating torque. The means for applying it,
see Figs. 1, 6 and 8. include two similar
Dut oppositely acting assemblies at opposite
ends of the parallel or torque pivots 17.
Tuach comprises a clutch member 30 longi-
tudinally fixed but rotatable on shaft 17
and a clutch member 31 longitudinally moy-
able on stud shaft 17%, which latter is held
fxed in bracket 18, on frame 1, by a set
serew 17°

The clutch member 80 applies torque to
shaft 17 through spring 51 surrounding hub
Sleeve 52. secured at 53 to suid cluteh 30
and at 54 to a collar 55 secured to shaft 17
by set screw 56, ,

The movable cluteh 31 is opevated by
cluteh magnets 32 attracting armature 33
which is slidable on the hub of member 31
but which operates on 31 throngh a rela-
tively strong spring 3+ in opposition to an-
other weaker spring 34% Hence, on com-
pression spring 34" acis fivst and on ex-
pansion 34 acts first.

The movable clntch member carries par-
allel guide screws 35 on which the armature
33 is slidable. The arrangement is such
that when the magnet 32 is energized. the
spring 34 being at first unyielding the arma-
ture 33 forces clutch member 31 into firm
engagement with member 30. then spring
34 yielding, further movement closes con-
tacts 36—37 of the torque-applying mag-
net. When magnet 32 is deénergized the
stronger spring 34 first forces armature 33
rearward : thus disengaging contacts 36, 373
then further expansion of spring 34 being
prevented by the heads of guides 35, the
weaker spring 34° will expand disengag-

7

ing clutch 31. Thus the torque applying
magnet cannot possibly start to apply
torque until the clutch is locked. and the
torque is veleased before the clutch is dis-
engaged,

Contacts 36—37 control the cireuit that

energizes toryue magnet 38, the arawture
30 of which is rigidly secured to clutch
member 31. The initial position of arma-
ture 39 with respect to stop 40 en the mag-
net pole Is regulated by set serew 41 se-
cured by Tock nut 42 on support 3. wlhich
is ulso the support for the clectro-nmagnet
and which is in turn sapported by hracket
18 on frame 1. The length of the stroke
of armature 39 s determined by screw 41,
will fix the amount of tarqne applied to
torque spring 5l when . the torgque magnet
3% 1s energized. :
. The armature 39 is restored to the
tracted position, in contact with serew 41,
by spring 44 connected to the armature 39,
extending freely through passage 45 in sup-
port 43, und adapted to be adjustably ten-
sioned by set screw 46, secured by lock
nut 47,

The set screw 41 for adjusting the initial
gap between torque armature 39 and the
pole of torque magnets 38 regulates the re-
spective torques that will be applied to shaft
17 through spring 51 in one direct ion. and
the corresponding spring operating on snul
shaft in the opposite direction. The magnets
38’ and all other parts for produeing torque
in the opposite direction to 38 are loeated on
the other pivot 17, the correspouding parts
being indicated by the same nuneerals with a
prime mark added. The longer the arma-
ture gap, the more the torque s wrings will
Pe wound up. when the electro-magnet 38
or 38 attracts the corresponding armature
39 or 39, Preferably the electro-magnets are
strong enough to throw the armatire, the fnll
distance. with an instantancous snap when
the cireuit is closed throngh contacts. 36. 37,

The apparent end over end rotation of
the spinning axis in the cast and west spin-
ning plané of the earth, which is really ro-.
tation of frame 1 avound the parallel. torque
pivot 17 may be aceurately indicated and
read by means of an index 25 secured on
frame 1 in operative relation to a dial 22
cecured to ring 16 by projections 23 and
serews 24, ' ‘

The means for cutting out one forque and
applying the other at the end of the respec-
tive precessional movements include a con-
tact maker on the precessional axis 20 in
combination with an ordinary relay on tha
frame of the machine. The contact maker
compriszes an arm 60 having end forks 61
in operative relation to fixed contact screws
62. 62 held by. lock nuts 63, 63 on brackets
¢4, 64, on ring 16. The contuct raker 60

re-
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i< rigidly secured to shaft 20 by set screw
200 Tts shank is preferably of somewhat
tlexible ~pring steel so as to permit of slight
vield upon making contact with either of
the stationary serews 62, 62, at the end of
a precessional movement.  This permits the
gyro to terminate its precessional movement
natirally. without material counter pres-
sure such as would be developed if the con-
tact were rigidly made. The screws 62 are
adjusted fre the purpose of predetermining
the extent ur the desired precessional move-
ment and for causing them to extend pre-
cisely equal distances across and on both
sides of the plane of spin of the earth.

The cirveuits for accomplishing the above
]Tuu']mse are diagrammatically indicated in
“ig. 11. The clutch-operating and torque-
applying circuit i from any suitable source
of power through wire «, collector ring «*
on vertical pivot 9, wires a2, «®, a* to one of
the electro-magnets 70 of the relay; thence
through wire «". ring o® on the parallel or
torque pivot. wire ~°, stationary contact 62,

“and precessional contact-maker 60 to ground

throngh the frame of the machine. This
holds relay switech 71 in contact with 73,
closing circuit through wires 4. 72 to clutch
magnet 32 thenee through wire 42 to ground.
The ‘clutell magnet having operated the
branch eircuit is closed from 4% through ¢,
contacts 37, 86, wire ¢! to torque magnet 38
then wire r# to grouna.

This situation continues while preces-
slonal movement is moving the precessional
contact fork 60. 61 from one position shown,
into contact with the other stationary con-
tuct 62, This ecloses circuit through the
other coll 70 of the relay magnet. wire ',
collector ring !, wire @7 through 62 and
6ii-to ground. This throws relay switch 71
into contact with 72 thus closing circuit
through wire 4!, clutch magnet 32' and
wire 4'? to ground. The clutch having op-
erated, contacts 36”7, 37" will be closed there-
by closing a branch cirenit through wire 19,
contacts 367, 377, wire ¢'%, torque magnet 33’
and wire ¢'? to the ground. -

The three-phase current for spinning the
gyro, is brought through wires p, ¢, » collec-
tor rings p’, ¢, #’, wires p?, ¢%, #%, rings p*
7°. %, wires p*, ¢*, 7%, to terminal p°. 47,
on the gyro casing, and thence to the interior
motor in the usual wav. Ring connections
upon the precessional pivot 20 are not neces-
sary because the precessions are merely rock-

1

.

‘ing movements within the limits permitted

by contacts 62, 62.

When the device is used as a clock in a
fixed location so that the frame .1 can be
readily set on a fixed earth foundation the
shaft & and ring connections thereon, may be
eliminated.

When the device is used with repeater cir-
cuits for maintaining frame 1 parallel with

1,380,335

the earth the circuits for vertical repeater
motor 14 may le through wires d°, e't, f11,
g'', without the need of ring connections.

epeater motor 7. however, for maintaining
frame 1 parallel with earth’s axis will re-
quire ring contacts on the vertical axis 9.
As shown these circuits comprise a branch
from 2 through d to repeater motor 7, and
thence through wires e, 7, ¢ to rings ¢!, f*, g
then through e¢*. 72, g% to the commutator
segments on the lutitude indicating elements
of the parallel gyro. ‘ A

In operation the device may be construct-
ed, assembled substantially a$ shown in the
drawings, the frame 1 being parallel with
the earth’s axis and the gyro spinning with

70
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80

-its spinning axis free for end over end ro-

tation in the plane of spin of the earth.
The screws 62 on the parallel frame 1 will
be adjusted to permit equal precessional
movements on both sides of the spinning
plane of the earth. The arc of the preces-
sional movements will preferably be con-
siderable so as to reduce percentage of the
crror introduced by any inaccuracy of this
adjustment. For instance, if the preces-
sional movement should be through an angle
of 5 scconds on one side of the plane of
earth spin and 10 seconds on the other, the
error would be a large percentage, whereas
if the precession were 5°—59"—55" one,
way as against 6°—0’—10’" the .other way,
the percentage error would be very small.
Ervors introduced by such asymmetry of the
precession are likely to be small in any 100
event because earth torque on a gyro axis

in the spinning plane of the earth has only
slight change of value for small angles on
cither side of the spinning plane of the
earth. The regulation of the contacts 62 105
will be conjoined with regulation of the
stroke of torque armatures 39, 39 which
determine the amount of wind-up that will

be applied to the torque springs 51, 51,

as soon as the clutches are firmly engaged. 110
These two adjustments particularly the
stroke of the torque armature will take care

of a multiplicity of inaccuracies which it
might De impractical or impossible to dis-
cover and measure, all of them being prop- 115
erly taken care of and compensated for by
trial adjustments until the gyro keeps sub-
stantially correct sidereal time throughout

a sidereal day. The geometrical relations of

the device with respect to the earth are in- 120
dicated by legends on the diagrammatic
views, Figs, 12 and 13. Fig. 12, when the
axis of the earth is viewed end-on, shows
how the gyro spinning axis maintains its
fixed dirvection in space during rotation of 125
the earth. Assuming position A to be noon=
at the equator, the spinning axis is vertical,

an inclination of 45° as at B will show that
three hours has clapsed; the horizontal po-
sition of C shows that six hours has elapsed 130
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and the downward inclination at D shows
that nine hours has elapsed. The diagram
also indicates how these apparent changes

of imclinations are in fact movements of the

5 mounting and of the observer with the earth,
the gyro spinning axis maintaining fixed
direction in space.:

Fig. 13 which represents earth viewed
edgewise of the equatorial plane shows how

0 the frame 1, maintained parallel with the
axis of the earth, appears to have different
inclinations for different latitudes, the posi-
tion at the equator being horizontal and the
apparent slant for positions north and south

5 of the equator being opposite. This view
also indicates how the frame 1, being main-
tained parallel with the earth and with its
east and west lines horizontal, must describe
a cylinder successive positions of which are

0 ‘ndicated at E, F and G. The fised direc-
tion spinning axis @ which remains within
lim_ts either side of the plane of spin of the
earth, considered from earth view point ap-
"pears 1 rotate end over end in said plane,

5 whereas it is really the frame 1 which is
being rotuted around the fixed-direction
spinning axi: of the gyro.

The meridian gyro as herein described,
when used on ship board to calculate longi-

0 tude, will be of very great practical value
even though poorly regulated. Forinstance,
if the yield or loss of position due to earth
torque is inefficiently corupensated for or

is over compensated for sc that the clock

5 shows a gain or loss of time during a day

" or a succession of days, the error can easily
be kept track of and allowed for. as this
is what navigators are well accustomed to
doing in the case of their ship’s chronome-

.0ters when navigating by astronomical obser-
vation in the usual way. Moreover, if the
north and south axes are not exactly par-
allel with the earth’s axis so that the end-
over-end apparent movement of the gvro’s

5 spinning axis shows an apparent wabble
across the plane of spin of the earth, the
only effect will be that the gyro will show
a cyelic gain followed by a compensating
loss during each twenty-four period, the in-

o0 dication being exactly accurate twice every
twentv-four hours. Moreover. the interme-
diate variations can be tabulated and al-
lowed for by comparison with the ordinary
ship chronometers, preferably at times when

5 the ship is stationary. Similarly, error due
to having the oscillatory precessions 1
equal distances on either side of plane of
spin of the earth or even wholly on one
side of said plane of spin can be tabulated

o and allowed for.

In a device properly constructed and reg-
ulated none of these errors are necessary
anf ... above is merely to show how a some-
what disordered .meridian gyro may be

5 made of incalculable value to navigators

o

without the necessity for attempting read-
justment or regulation during a voyage.

I claim:— ' .

1. The method of enabling a freely
mounted gvro to maintain its spinning axis
approximately in a fixed-direction celestial
meridian plane, which method consists in
applying counter-torque to obviate the ef-
fects of earth torque, as regards tendency
to rotate the gyro axis in the plane of earth
spin, and as regards tendency to cause pre-
cession at right angles to said plane.

2. In the method specified by claim 1 the
further feature of applying, in the opposite
direction to the earth torque another torque
substantially equivalent to the first torque in
total value, average value, duration and
time rate of change of values.

3. In the method specified by claim 1,
the further feature of permitting the earth
torque to cause precession for a definite
period; then applying in the opposite di-

rection. a torque adapted to produce coun-.

ter-precession, the time, distance and speed
of which ave similar to and compensating
for those of said precession.

4. In the method specified by claim 1 the
further feature of permitting the earth torque
to act cumulatively and vesiliently for a
predetermined period and then for an equal
period applying a similarly-resilient, op-
posite torque having an initial value equal
to the final cumulative value of the first
applied torque and the earth torque at the
end of said first-mentioned period.

5. In the method specified by c¢laim 1 the
further feature of applving in the same
direction with the earth torque, for a_pre-
termined period, a resilient torque having a
predetermined value much greater than that
of the earth torque and then for an equal
period applying in the opposite direction
a similar resilient torque less than said first-
mentioned vredetermined torque, by an
amount equai to the value of the earth
torque. for the purpose and with the result
of making the net torques equal in value,
time and time rate of change.

6. In the method specified by claim 1 the
further feature of applving resilient torques
alternately with and against the earth
torque adjusted so as to cause equal and
opposite precessional movements.

7. In the method specified by claim 6 the
further feature of applying the alternating
torques during equal times.

g. In the method specified by claim G the
further feature of having the precessional
movements extending substantially equal
distances on either side of the plane of spin
of the earth.

9. Tn the method specified by claim 6 the
further feature of utilizing the precessional
movements to reverse the torque.

10. In the art of operating gyroscopic
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apparatus, the method of modifying yield
in the direction of an applied torque tend-
ing to rotate the gyro out of the plane of
its’ spin and of modifying the precession
against resistance in response to said torque,
which method consists in causing said torque
to take effect through g resilient medinm
having an initial predetermined tension.

11. In the. art of operating gyroscopic
apparatus, the method of modifying yield in
the direction of an applied torque tending to
rotate the gyro out of the plane of its spin
and of modifying the precession against re-
sistance in response to said torque, which
method consists in periodically applyving in
opposition to said torque, a torque which is
approximately wuniform throughout each
period of its application.

12. In the art of operating gyroscopic ap-
paratus, the method of modifying vield in
the direction of an applied forque tending
to rotate the gyro out of the plane of its
spin and of modifying the precession against
resistance in response to said torque, which
method consists in periodically applying in
the same plane with said torque. an alternat-
greater amount for pe-
riods sufficient to prodnce opposite equal dis-
tance precessions. °

13. The method of preventing loss of po-
sition in operation of a gyro maintaining a
fixed-direction plane, which method consists
in applying resilient torque alternately with
and against a disturbing torque. said alter-
nating torques being of such amounts as to
make the net opposed torques equal.

14. In the art of operating gyroscopic ap-
paratus in which the gvro has pivotal
mountings ahout two axes angularly related
so that precession about one axis may be pro-
duced by earth torque applied about the
other axis, and a resilient medium associated
with the earth torque pivotal mounting, the
method of superposing a predetermined 1.
ternating torque and a one direction earth
torque, tending to rotate the ayro out of the
plane of its spin, which method consists in
periodically coupling the earth torque piv-
otal mounting to an earth anchorage,
through said resilient medium and initially
tensing said medium to-a predetermined do.
gree, against the earth torque so as to be
gradually decreased thereby, and then with
the earth’s torque, so as to be increased
thereby. '

15. The method of regulating a sidereal
clock gyro operating according to claim 14
which method consists in adjusting the ini-
tial tensions to unequal initial values until
the gyro keeps approximately correct side-
real time.

16. In the method specified by claim 15,
the further feature of adjustinz the rance
of the precessions in respopee i 1! ENE
silient torgues.

1,380,335

17. In the method specified by claim 16
the further feature of causing the preces-
sional movements to automatically reverse
the vesilient torgue, iy accordance with the
distance of the precessional movement, 7

18. A freely mounted gyro, means for
spinning it and means to maintain its spin-
g axis approximately in a fixed-direc-
tion meridian plane, inelnding means for

applving connter-torque to obviate the ef- 75

fects of earth torque.

19. In the apparatus specified by claim 18
the further feature of neans for applying,
in the oppozite direction to the earth torque
another torque of substantially equivalent
total value, averago valae, duration and time
rate of change of values.

20. In the apparatus specified by claim
18, the {urther feature of releasable means
for permitting the earth torque to cause pre-
cession for a definite period: and for then
applying in the opposite direction, a torque
adapted to produce connter-precession, the
time, distance and speed of which are simi-
lar to and compensating for those of said
precession,

2L Tn the apparatus specified by claim 18
the further feature of resiliently operating
meaus through which the earth torque acts
accummlatively for a predetermined period
and means for then applyving for an equal
period a similarly-resilient, opposite torque
having an initial valye equal to the final
cumulative value of the applied torque at
the end of said first-muentioned period.

22, In the apparatus specified by ¢laim 18
the further feature of means for applying in
the same direction with the earth torque,
for a predetermined period. a resilient
torque having a
greater than that of the earth torque and
then for an equal period applving in the
opposite direction a similar resilient torque
which is less than said first-mentioned pre-
determined torque,
the value of the earth torque. for the pur-
pose and with the result of making the net
torques equal in value, time and time rate of
change,

U
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predetermined value much 105

by an amount equal to 110

23. In the apparatus specified by claim 18 115

the further feature of means for applying
resilient torques alternately with and against
the earth torque and means for adjusting
said torque so as to cause equal and opposite
precessional movements of the oyro.

24. In the apparatus specified by claim 23
the further feature of means adjusted so as
to cause the alternating torques to be ap-
plied during equal times.

120

25. In the apparatus specified by claim 23 125

the further feature of adjusting means for
capsing the precessional muvements to
toned « y1yF 1 ] ¥ i

a

aithsty :
tie plane of apiv
- ¥n the apparatog spuc
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ified by claim g1
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the further feature of means operated by the
precessional movements, to reverse the torque.

27. A freely mounted gyro, means for
spinning it and means for modifying yield
in the direction of an applied torque tending
to rotate the gyro out of the plane of its spin
and of modifying the precession against re-
sistance in response to said torque, said
means including resiliently acting means
having .an initial predetermined torque
through which said first torque is applied.

98. A gyro freely mounted to maintain a
fixed-direction plane, means for spinning it,
and means for applying resilient torque aﬁ;er-
nately with and against a disturbing torque,
said ~alternating torques being of such
amounts as to make the net torques equal.

99. An earth anchorage, a gyro mount-
ing, a resilient medium for coupling said
mounting to said anchorage, a gyro freely
pivoted in said mounting, means for spin-
ning the gyro and means for superposing
a predetermined alternating torque on the
one-direction earth torque which tends to
rotate the gyro out of the plane of its spin,
said means including a clutch element for
periodically coupling the gyro mounting to
said earth anchorage, through said resilient
medium, and means for initially tensing
said medium to a predetermined degree,
acainst the earth torque so as to be gradu-
ally decreased thereby, and then with the
earth’s torque so as to be increased thereby.

30. A gyro, means for spinning it and a
mounting therefor comprising pivotal axes,
means for maintaining one approximately
parallel with the eartﬁ axis and the other
perpendicular to said parallél axis, in com-
bination with means for applying alternat-
ing torques to the parallel axis.

31. A gyro, means for spinning it and &
mounting therefor comprising pivotal axes,
means for maintaining one approximately
parallel with the earth axis, and the other
perpendicular to said parallei axis, in combi-
nation with resilient means for intermit-
tently applying torque about said parallel
axis.

32. A gyro, means for spinning it and a
mounting therefor comprising pivotal axes;
means for maintaining one approximately
parallel with the eart axis, and the other
perpendicular to said parallel axis, in com-
bination with resilient means for intermit-
tently a%)plying torque about said parallel
axis and means for instantly tensin said
resilient torque to a predetermined degree.

33. A gyro, means for spinning it and &
mounting therefor comprising pivotal axes,
means for maintaining one approximately
parallel with the eart axis, and the other
perpendicular to said parallel axis, in com-
bination with indepenc{]ently acting resilient ,
means for applying torque about the paral- .
lel axis, in opposite directions,

"said parallel axis,

alternately. -

34. A gyro, means for spinning it and a
mounting therefor comprising pivotal axes,
means for maintaining one approximately
parallel with the earth axis, and the other
perpendicular to said parallel axis, in com-

1x

70

bination with independently acting resilient -

means for applying torque about the paral-
lel axis, in opposite directions,
and means on the other pivotal axis operat-
ing to cut out one torque-applying means
and cut in the other, when precession in
either direction has progresseg a predeter-
mined distance.

35. A gyro, means for spinning it and a
mounting therefor comprising pivotal axes,
means for maintaining one approximately
parallel with the earth axis, and the other
perpendicular to said parallel axis, and
means affording an earth anchorage in op-
erative proximity to said axis, in combina-
tion with similar independent, oppositely
acting assemblies for applying torque to
said parallel axis, each assembly compris-
ing a spring, an electro-magnetically op-
erated clutch for coupling said pivotal axis
to said earth anchorage through said spring,
2 second electro-magnet for shifting the an-
chorage point to tension the spring when
said clutch is engaged, and means for op-
erating said torque assemblies alternately.

36. A gyro, means for spinning it and a
mounting therefor comprising pivotal axes,
means for maintaining one approximately
parallel with the earth axis, and the other
perpendicular to said parallel axis, and
means affording an earth anchorage in op-
erative proximity to said axes, in combina-
tion with similar independent, oppositely
acting assemblies for applying torque to
each assembly comprising
a spring, an electro-magnetically operated
clutch for coupling said pivotal axis to said
earth anchorage through said spring. a sec-

ond electro-magnet for shifting the anchor-

age point to tension the spring when said
clutch ‘is engaged, and means on the other
axis operated by precessional movement to
release the clutch and torque spring caus-
ing the precessional movement and to clutch
and tense the other assembly toicause preces-
sion in the opposite direction.

37. A gyro, means for spinning it and a
mounting therefor comprising pivotal axes,
means for maintaining one approximately
parallel with the earth axis, and the other

erpendicular to said paralle]l axis, in com-
Eination with means for applying a prede-

alternately,

®

85

90

95

100

‘105

110

115

120

termined elastic torque about sald parallel °

axis and means for predetermining the in-
itial tension of said elastic means, including
an electro-magnet and armature operating
to tense said elastic means more or less ac-
cording to the extent of relative movement.
of magnet and armature when the magnet
is energized. o
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38. A gyro, means for spinning it and a
mounting therefor comprising pivotal axes,
means for maintaining one approximately
parallel with the eart axis, and the other
gerpep_dicular to said parallel axis, in com-

ination with means fgr applying a prede-
termined elastic torque about said parallel
axis and means for Predetermining the in-
itial tension of said elastic means, includ-
and armature operat-
g to tense said elastic means more or less
of relative movement
of magnet and armature when the magnet is
energized and means for adjustably limiting
the extent of such relative movement. ‘

39.. A gyro, means for spinning it, and a
mounting therefor affording two axes of
pivotal movement angularly related so that

recession about one axis may be produced
Ey torque applied about the other axis, in
combination with independently acting re-
silient means for applylng torque about one
of the axes, in opposite directions, alter-
nately, and means on the other pivotal axis
operating to cut out one torque-.applyl‘ng

means and cut in the other, when precession,

in either direction has
determined distance.
40. An earth anchorage, 5 gyro, means for
spinning it, means for mounting said gyro in
said anchorage and affording two axes of
pivotal movement angularly related so that
recession about one axis may be produced
gy torque applied about the other axis, in
combination with similar independent, op-
positely acting assemblies for. applying

progressed a pre-

- torque to one of said pivotal axes, each as-

40

45

50

sembly comprising a sprin%, an electro-mag-
netically operated clutch for coupling said
pivotal axis to the earth anchorage throufgh
said spring, a second electro-magqet or
shifting the anchorage point to tension the
spring when said clutch is engaged, and
means for operating said torque assemblies
alternately.

41, An earth anchorage, a gyro, means for

spinning it, means for mounting said gyro

in said anchorage and affording two axes of
pivotal movement angularly related so that
precession about one axis may be produced

1,380,385

combination with simil P
positely acting - assemblies for appfying
t()r(ﬁle to one of said pivotal axes, each as-
sembly comprising s spring, an electro-
magnetically operated clutch for. coupling
sald pivotal axis to the earth anchorage
through said spring, a second’ electro-mag-
net for shifting the anchorage point to ten-
sion the spring when said c utch is en-
gaged, and means on the other axis pperated
by precessional movement  to release the
clutch and torque spring causing the. pre-
cessional movement and to cluteh and tense
the other assembly to cause Precession in the
opposite direction, ,

. A gyro, means for spinning it, and a

mounting therefor affording two axes of
pivotal movement angularly related so ‘that
recession about one axis may be produced

by torque applied about the other axis, in -
ar independent, op-
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Yy torque applied about the other axis, in

combination
determined elastic torque about one of said

pivotal axes and means for predetermining ’

the initial tension of said elastic means, in-
cluding an electro-magnet and armature op-

erating to tense said elastic means more or.

less according to the extent of relative

Movement of magnet and armature when the-
. magnet is energized. .

43. A gyro, means for s inning it, and a
mounting therefore aﬁor£ng two axes of
pivotal movement angularly related so that
Erecession about one axis may be produced

y torque applied about the other axis, in
combination with means for applying a pre-
determined elastic torque about one of said
pivotal axes and means for predetermining
the initial tension of said elastic means, in-
cluding an electro-magnet and armature op-
erating to tense said elastic meang more or

with means for applying a pre-
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less according to the extent of relative move- .

ment of magnet and armature when the
magnet is energized and means for adjust-
ably limiting the extent of such relative
movement. ,

Signed at New York city in the county
of New York and State of New York this
26th day of October A. D. 1920, -

CLIFFORD M. PAXTON.
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