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The invention descrlbed hevein -may be manu-
factured and used by or for the Government for
governmental purposes, without the payment to
us of any royalty thereon.

This invention relates to a stabilized means
for obtaining the drift of dirigible craft such as
aireraft and also embodies means for determivi-
ing the ground speed of such craft. The inven-
tion is especially designed te overcome the in-
accuracies of measuring drift and ground speed
such inaccuracies in present types resulting from

matically maintain the same relative positions re-
gardless of whether the instrument axis is ver-

.tical or not.

Previous drift meters having means for sight-
ing backward have had.bulky mechanisms, have
required large holes in the aireraft and have heen
limited by the aireraft structure to small angles
particularly in azimuth and have all beén limited

. by their optical design to g predetermined size
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nonstahilized references which latter are comi~

pared optically with the relative movement of
the ground or cloud objects for determining drift
and/or ground speed.

Another purpose to which this invention may
be put is for the determination of true or exact
altitude of an aiveraft wherein two aircrait each
supporting an instrument of the class described
herein and embodying thé principles shown in
thig invention ave fiying in formation but with
g Imown difference of altitude. The solution of
two simultaneous equations involving time, alti-
tude, difference of altitude, enable the operators
of the two craft, by radio communication to
transfer from one to the other information of
time and altifude in order that the true sltitude
of .the lower or higher crait may be defimitely
established independent of pressure snd temper-
ature conditions which may exist,

Another -purpose of the presently described in-
vention is its use in the determination of bear-
ings such a$ in marine practice is done with a
pelorus or bearing plate. For the above problem

we employ 2 gyro stabilized reference, such gyro~

scope embodied bkeing preferably of the gelf-
erecting type although this is neither necessary
nor essential to the satisfactory performance of
an instrument of this kind,

Due to its precessional characteristics, it is
impossible to apply any load to & gyro and heve
it maintain its axis fixed. All attempts to use &
gyro to stabilize or hold vertical any instrument
have failed since any Ioad or force applied to the
gyro causes it to precess; i. e., tilt its axis at right
angles {o the load. '

We achieve gyro-stabilization by making the
reticle integral with the gyro and thereby having
the gyro do no work. A novel arrangemeni of
the optics of the instrument and the radius of
apparent motion of the reticle then permits the

. whole instrument to be tilted without destroying

the coincidence of the true vertical line of sight
and the center of the reticle system. In other
words, the ground image and the reticle auto-
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necessitating. an Individual design for esch size
or {ype of airplane.

. By a novel combination of few lenses and &
fizred and movable prism assembly, we obbain s
meter in which all the lower parts are in a single -
tube, thus requiring only & small hole in the air-
craft and yet achieves the possibility of com-
plete visibility throughout the lower hemisphere
and permits both dvift and bearing meazsure-
ments to be made end read on & single index a8
drift right and left or as relative hearing from
0 to 360 degrees. By weans of & joint in the
meter at the position where the rays arve in
parallel peneils, adjustable length is achieved so
that without change in design the meter is adapt-
able for insitallation in large and small aireraft.

In the preferred form of subject drift and
ground speed meter, it is a gyro stabilized peri-
scople instrument provided with features em-
kodying an erect image, a trail gsighting feature,
ifluminated reticle, bearing and drift scales, and
combines festures of variable magnification in
order that drift and ground speed may be read
at high and low altitudes and further embodies
features of extensibility in length, making the in-
strument applicable to both large and small air-
craft.

The meter consists essentially of two telescopes
inversely positioned with respect to each other
and placed in Iine with a movable prism at the
entrance pupil to change the direction of the
line of sight. The rveticle or reference grid
through means of which the ground is observed
for comparaiive movement forms a part of the
self-erecting gyroscope itself by being attachecd
thereto and is viewed simultaneously with the
image of the ground. The stabilized character-
istic of this instrument is achieved by the fact
that the combination of the gyroscopic stabiliza-
tion and optical system is so arranged that the
images of the reticle and of the ground move in
the same direction and in the same amount
when the whole instrument which is fixed to the
sirplane is tilted.

Referring o the drawings—Figure 1 shows the
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essential operating characteristics, optical system
and gyroscope in vertical section.

Figure 2 shows in vertical section the movable
prism at the entrance pupil, this figure being
representative of the lower end of Figure 1 but
rotated through 80°,

Figure 3 is a vertical section of the extension
tubing with optical system which may be used
to increase the length of the drift meter.

Figure 4 is a plan view of the instrument
showing eyepiece and scales for reading drift
and bearing of an object and also shows the han-
dle used by the operator in adjusting the prism
at the entrance pupil,

Pigure 5 is a detail view of the reticle showing

the markings on the latter by means of which
ground objects are tracked for the determination
of drift, ground speed, and for the measurement
of bearings.

Figure 6 is a sectional view, on line §—3% of :

Figure 1, illustrating the worm and gear for ro-
tating the drift meter through small angles for
Dbrecise measurements. _

Figure 7 is a fragmentary view showing in
greater detail the spring arrangement which
holds the worm in mesh with the gear illustrated
in Figure 6.

Figure 8 is a detail view which shows the pivot
end of the worm shaft illustrated in Figure 6, -

Figure 9 is a diagrammatic view of the lamp
circuit for iMluminating the reticle,

From the drawings it will be seen that light
from a ground object passes through the mov-
able prism [, the fixed prism 2, the objective
lens & and lens 4 of the first telescope; thence
through lens 5 of the second telescope and is
imaged at 7. The eyepiece 6 views this image.
The two telescopes separately form inverted im-
ages so the image as viewed through the combi-
nation is an erect one, the inversion produced by
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the prism { being corrected by reflection in )

prism 2,

The reticle 8 may be placed in the plane 7 or
be imaged in this plane as is shown in the pre-
ferred form of the invention in PFig. 1, in which
case the reticle 8 is supported on arm 8§ which in
turn is attached to the gyroscops 18. Ilumina-
tion of the reticle 8 is achieved by artificial il-

lumination from the lamp {1, shown in Figures 1°

and 3, the intensity of the illumination being
controlled by rheostat 24. Light from points of
the reticle are reflected by the mirror 12 through
lens §3 and imaged at (4.
through lens (85, is reflected from the clear glass
reflector {6 and an image is formed at 7. This
image will be viewed with the ground image by
the eyepiece 6, It will be seen that, slnce the
arm 9 is maintained in position by the gyroscope,
when the entire instrument is tilted the ground
image and the reticle image will move in the same
direction across the eyepiece field. The length of
the arm 9§ and the focal length of lenses 13 and 5
can be chosen in relation to the focal length of the
lenses 8, 4 and 6 in order to fulfill the requirement
for equality of amount and movement of the
two images. In the preferred embodiment of
the invention as illustrated, this end may be ac-
complished by placing the reticle 8 and the plane
¥ abt conjugate focal points of the lens system
13—15; one conjugate focal distance—from plane
7 to the nodal point of the lens system §3—15—
being made equal to the equivalent focal length
of the lens system which forms an image of an
observed object in the focal plane 7; the other
conjugate focal distance—from 8 to the said

‘The light then passes.
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nodal point—being equal to the radius of pivota-
tion of said reticle. .

Variable magnification is secured by a simple
arrangement of interchangeable eye-pieces 6 and
{7 of different magnifying powers, These eye-
pieces are mounted on 4 common support 18’ ro-
tatable about a pin i8 on the top of the. instru-~
ment case 9. By rotating the eyepiece support
8’ through an angle of 180 degrees about the pin
18, the eyeplece i1 is placed in the position shown
occupied by eyepiece 6 of Pig. 1.

The rays emerging from lens 4 are in parallel
ray bundles the separate bundles being slightiy di-
vergent and hence the separation of lens § and
8 is not critical and, within limits dependent
upon the divergence of separate bundles, the in-
strument may be parted between the lenses § and
4, such as at the flanged joint {9 between the
sections ¢ and b of the tube 41 and spacers in-
serted between the flanges to secure the length
required for the instrument without changing its
optlcal or other characteristics.

However, for great changes of length the con~
ventional unit power erecting telescope of the re-
quired length such as shown at 42 in Fig. 3 may
be inserted after separating the instrument at
the point 9.

Operation of the trail sighting feature, which
feature permits an observer, looking into the in-
strument, at the eyepiece § down the vertical axis:
of the drift meter, to observe an object any place
from. directly below the aircraft to any position
on a line substantially on or slightly above the
horizon., This is accomplished by rotating oper-
ating handle 85. Attached to the handle 3% by
its shaft is pinion 286 which engages rack 20’ and
which by means of shaft 21 and counter-shaft 22
rotates the prism { about its axis in order to
change the line of sight of the operator. As de-
scribed above an observer may view objects from
e point directly below or slightly ahead of the
airplane to any point in a vertical plane as far
back as or substantially slightly above the earth’s
horizon. Spring 23 loads the operating system
of the prism in order that the long shaft 21 will
not have to take a Ioad of compression and
thereby destroy the accuracy of the irail sighting
reading as shown on the scale 386, i

Although the gyroscope {8 shown in the pre-
ferred form of the invention is of the conven-
tional self-erecting air driven type it need not
be of this particular type and in fact it need
not be of the self-erecting type in order that
the present invention may satisfactorily accom-
blish the desired end. The gyroscope 16 may
actually take the form of a balanced gyroscope
with three degrees of freedom supplied with
suitable caging mechanisin which will permit
caging and uncaging of the gyroscope coinci-
dental with non-use and use respectively in the
measurements of drift or ground speed. In the
present form of gyroscope the air is withdrawn
from the closed case 9’ through the tube 21
and air to replace that withdrawn enters through
gimbal rings at the position 25 to drive the gyro
wheel and thence through the erecting system
26. In order that the case 8’ may be maintained
air tight with the exception of the air entry
passage 25 and alr exit passage 27, glass plates
may be provided at the openings 28 and 28 for
sealing the instrument. 'The instrument is
mounted vertically in the aircraft on flange 28
and is rotated in azimuth on the bearing 3I.
On the flange 30 are the scales 33 and 34 gradu-
ated to read drift angles and bearings, respec-
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tively, with respect to the fore-and-aft axis of
the aircraft. ‘These scales are read by a single
index 43 on the instrument. The meter is
rotated through small angles for precise meas-
ureraents by a worm and gear mechanism such
as shown in detail in Figures 6 to 8 inclusive.
The gear 44 of the mechanism is fixed to the
upper section of the instrument tube 41 and the

- tangent screw or worm: 32 is inbegral with a

shaft 45 journaled for rotation in the idange

38. To enable the worm and gear to be dis-.

engaged so that the instrument can bhe turned
rapidly through large angles, the worm shaft
is supported at one end in a pivoted bearing 46
and at the other end in a slide bearing 47, Nor-
mally, the worm and gear are held in mesh by
the pressure of a spring 37 pressing against the
slide bearing 47. A suitable knob 32’ is provided
on the outer end of the worm shaft to facilitate
turning the same about its axis or swinging it
on its pivot.

0

i8

In normal opevation during flight the navi- '

gator of the airplane will view the image of the
ground, water or low lying fog clouds through
the eyepiece. The points on the ground are nor-
mally at such a distance from the drift meter
that rays of light emanated from each point on
the ground are received in the drift meter in
parallel bundles, the separate bundles being more

. or less highly dlvergent depending upon their

relative positions in the fleld of view. While so
doing proper illumination is placed on the reticle
8 in order that while viewing the image of the
ground the navigator will at the same time view
the image of the stabilized reticle 8. As the air-
craft pursues its constant heading, if there is no
drift, the image of objecis on the ground will
move parallel to the lines 38 and 39%'.
does, however, exist the image of the ground or
surface objects will not move parallel to these
lines and the navigator therefore will rotate the
instrument on the bearing 3f until the image of
the surface objects is travelling parallel along
the lines 38 and 38’. Since the reticle § is gyro
stabilized, this movement will be smooth snd
free from the usual annoying oscillations wit-
nessed in a non-stabilized drift meter. Aftter
observing, assuming that the suriace objects are

moving parallel to the lines 38 and 38, the nav-,

igator reads on the drift scale of Fig, 4, the
drift which is representative of the angle be-
tween the longitudinal axis of the airplane and
the course or- track of the airplane over the
ground. The drift scale reads from 0 degrees to
the right and to the left. If, however, the air-
craft is in flight over water and the water is so
smooth that no deflnite object can be tracked
or imaged on the reticle for observing its move-
ment with respect to the lines 38 and 38’, an
object may ‘be dropped from the airplane snd
viewed at the position 39, Since it is obvious
that as the airplane proceeds through the sair
the object which was dropped will become farther
and farther behind the airplane the means for
trail sighting described above are necessary in
order that the image of the object dropped to
the surface may be held o the position 33, by

means of the operating handle 35 which con--

nects with the prism §. By maintaining the
image of the object to the position 39 and rotat-
ing thé drift meter on the bearing 31, a suitable
determination of drift will be obtained which
will be measured on the drift scale 33.

In a like manner the drift meter may be ro-
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visibly placed abt the position 39. For instence,
a distant mountain peak or low lying celestial
bhody may be observed through the drift meier
and its image placed at 39 of the reticle 8 of
Mg, 5, as described above, and when this cb-
Jjective has been completed, the beaving from the
head of the aircraft to the object wil] be meas-~
ured on the bearing scale 34 which kdhring scale
is preferably graduated from ¢ to 360° and per-
mits the measurement of bearings ftaken either
left or right throughout this range. v the
use of the lines 40 and 40’ the time it takes the
image of a surface. object passed over, to travel
from the line 88 and 48’ is a measure of the
ground speed of the aireraft. The sltitude being
known the ground speed can be determined by
the time interval elapsed between observing the
image of a ground object on the line 48 and
subsequently on line 38’, In a like manner the
ground speed of the aircraft may be determined
by the use of the trail sighting festure which
permits the operator to view an object immedi-
ately below the aircrafi and at some iHwme In-
terval later to view it after it has remched s
position in trail In the airplane, both readings
veing made on the center line which passes
through the position 89 of the reticle 8. o

- 1t is obvious that rod 21 will be of such 2 length
as §o correspond with the length of the instru-
ment when modified by the use of spacer elements’
or other means to Increase its length.

Tt is also obvious that sections o and b may be
separable in a variety of ways, for instance, ¢ and
b may be arranged to telescope one over the
other and held in adjusted position by suitable
clamping means such as a friction clamp,

8hould two airplanes fly near .each other, each
2t a constant, but unknown, altitude and ground
speed and then by use of the subject invention
obzerve a dropped object on the surface sub-
sequently timing the passage of the lmage be-
tween the lines 48 and 48’, the {rue altitude of
the higher aircraft will be ’

th tl

= h—h
in which 71 represents the higher altitude and
Bh the difference In altitude between the two-
eraft. The time of passage of the Image between
the lines 480 and 49’ of the higher craift is &

while that for the lower is Za.
Having now described the invention what, we
claim and desire to secure by Letters Patent Is:
1. A drift meter for aircraft, comprising a
sighting tube, means for supporting said sight-
ing tube for rotation about a longitudinal, sub-
stantially vertical axis, optical means for trans-~
mitting and focusing in a given focal plane in
the line of sight of said tube, images of dbserved
terrestrial objects, a gyroscope, a gimbpal ring
mounting for said gyroscope, a reticle carried by
said gyroscope to pivot about said gimbeal ring
mounting, optical means for transmitting and fo-
cusing an image of said reticle in the said given
focal plane with the said images of terrestrial ob-
jects and with the same orientation, the radius of

. pivotation of the grid reficle being so selected

70

tated on its bearing and the image or any object 78

with respect to the focal lengths of the optical
systems as to produce, upon tilt of the said dvif
meter, equality of movement in the same direction
of the reticle and ground images.

2, A drift meter for permanent installation in
different size aircraft with one end positioned so
that exterior objects may be observed there-
through, and the other end positioned interiorly
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thereof in observing position, comprising s sight-
ing tube, means supporting said sighting tube for
rotation about a longitudinal substantially ver-
tical axis, objective optical means for receiving
bundles of rays from objects at such a distance
from the one end that the rays from each point
are parallel, bundles from separate points being
widely divergent depending upon their position
in the field of view, said objective optical means
serving to magnify the images to a high degree
of .magnification and direct the. rays into the
sighting tube in bundles of parallel rays with the
rays of separate bundles being slightly divergent,
eyepiece optical means for receiving and focusing
the bundles of image-carrying rays, the sighting
tube being extensible where the bundles of image-
carrying rays are slightly divergent, whereby the
drift meter may be adapted for different air-
craft,

3. A device as recited in claim 2 and further
including means extensibly connecting said sight-
ing tube where the light rays are transmitted in
bundles of rays which are only slightly divergent.

4. A device as recited in claim 2 and further
including means of separably connecting said
sighting tube whereby light rays are transmitted
in bundles of rays which are only slightly di-
vergent, and a spacer element comprising a unit
"power erecting telescope for connecting said sepa-
rated portions.

5. A drift meter for permanent installation
in different size aircraft with one end positioned
so that exterior objects may be observed there-
through and the other end positioned interiorly
thereof in observing position, comprising a sight-
ing tube, means for supporting said sighting tube
for rotation about a longitudinal substantially
vertical axis, objective end optical means for re-
-ceiving widely divergent bundles of parallel
image-carrying rays, magnifying them to a high
degree of magnification and transmitting them
through the sighting tube in bundles of paraliel

image-carrying rays with a slight angle of di-

vergence between separate bundles, & gyroscope,
a gimbal ring mounting for said gyroscope, a
reticle carried by said gyroscope to pivot aboub
said gimbal ring mounting, eyepiece end-optical
. means for receiving and focusing in a given focal
plane said bundles of image-carrying rays, op-
tical means for transmitting and focusing in. the
said given focal plane an image of said reticle,

said last-named image having the same orienta-

tion as the image formed by the said eyepiece-
end optical means, the radius of pivotation of

. said reticle being so selected with respect to the
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focal lengths of the sald optical systems as to
result in equality of movement in the same di-~
rection of said reticle and ground images.

6. A drift meter for aircraft, comprising a
sighting tube, means supporting said sighting
tube for rotation about a longitudinal, substan-
tially vertical axis, optical means for transmit-
ting and focusing in & given focal plane in the
line of sight of said tube, images of observed ter-
restrial objects, a gyroscope, a gimbal ring mount-
ing for said gyroscope, a reticle carried by said
gyroscope to pivot about said gimbal ring mount-
ing, optical means for transmitting and focusing
an image of said reticle in the said given focal
plane, and with the same orientation as the said
images of terrestrial objects, said plane and reti-
¢le being located at conjugate focal points of said
last named optical system, one conjugate focal
distance being egual to the equivalent focal length
of said flrst named optical system and the other
of said conjugate focal distances being equal
to the radius of pivotation of said reticle.

7. A drift meter for permanent installation in
different size aircraft with one end in exterior-
object observing position and the other end inte-
riorly thereof in observing position, comprising a
sighting tube, means supporting said sighting tube
for rotation about a longitudinally substantially
vertical axis, said one end including objective
optical means comprising a high powered tele-
scope for receiving separate bundles of parallel
image-carrying rays coming from widely sepa-
rated observed points and having relatively great
angles of divergence between separate bundles,
the objective optical means focusing the separate
bundles of rays and directing them toward the
said other end with a slight sngle of divergence
between separate bundles, said other end includ-
ing an eyepiece optical system comprising a sec-
ond high powered telescope inversely positioned
with respect to said first named telescope, for
receiving and focusing in a given plane the said
image-carrying rays with the objects imaged in
their normal relative positions in a field of pre-
determined size such that objects are readily
discernible therein,

SAMUEL M. BURKA.
CARL J. CRANE. -
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